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Different outcomes of pulmonary
rehabilitation in patients with COPD 

with or without exacerbations
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Introduction

Chronic Obstructive Pulmonary Disease
(COPD) is a major health problem characterised
by a progressive impairment of lung function [1]
leading to inability and mortality, which is project-
ed to increase its burden in the next years [2]. This
makes the treatment strategies for COPD crucial.
Currently, these are mainly stated in smoking ces-
sation, drug therapy and pulmonary rehabilitation
[3] with a recognised role for the latter in improv-
ing quality of life and reducing disability [4].

An important aspect of COPD are the exacer-
bations, which, though not yet generally accepted
in their definition [5], clearly affect the course of
the disease and require drug treatment with oral
corticosteroids and antibiotics, as well as frequent
hospitalisations. However, the influence of exacer-
bations on the response to pulmonary rehabilita-
tion is scantly investigated. One study reported a
change in exercise capacity lower than predicted in
patients recovering from an acute exacerbation [6],
but to our knowledge no comparative analysis of
the outcome of pulmonary rehabilitation in pa-
tients with or without exacerbations in their clini-
cal history is available.

We compared two groups of patients suffering
from COPD, one group with exacerbations and the
other without exacerbations, undergoing a stan-
dard programme of pulmonary rehabilitation, mea-
suring as outcome parameters the physical perfor-
mance as assessed by a walking test, the lung func-
tion as measured by plethysmographic tracing, and
the respiratory muscle strength as measured by
analogical manometry.

Material and methods

Patients

From patients with COPD referring to the Unit
of Pulmonary Rehabilitation of the ICP Hospital in
Milan, 37 subjects with a negative history for ex-
acerbations (group A) and an equal number with a
positive history for at least three exacerbations in
the last three years (group B) were selected. No pa-
tient was previously treated with pulmonary reha-
bilitation. To include patients with exacerbations
they must have had their latest episode at least one
month before. This is the amount of time consid-
ered essential to recover functional stability [7]. A
reversibility test was made to exclude patients with
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Background. Pulmonary rehabilitation is recognised
as an effective treatment in reducing disability and im-
proving the quality of life in patients with COPD. We eval-
uated the effects of a course of pulmonary rehabilitation in
improving the physical performance and lung function in
patients with or without COPD exacerbations.

Methods. 74 patients with COPD were enrolled, 37 (24
males and 13 females, mean age 74.6 years) without exac-
erbations (group A), and 37 (23 males, 14 females, mean
age 73.9 years) with exacerbations (group B). The latter
must have had the latest exacerbation at least one month
before the inclusion. All patients underwent to a rehabili-
tation programme of 8 visits in 4 weeks in a day-hospital
setting, with exercise training, respiratory muscle training
and education on COPD. The changes in physical perfor-

mance and lung function in respect to baseline were mea-
sured by a 6-minute walking test, using phethysmography,
and by an analogic manometer measuring maximal inspi-
ratory and expiratory pressures (MIP, MEP).

Results. Patients of group A showed a mean increase
in timed walk distance of 58.38 ± 57.46 m, compared to a
mean increase of 31.38 ± 44.78 m in group B patients (p =
0.028). As to lung function, a mean increase of 178.92 ±
132.28 ml in FEV1 in group A versus 67.84 ± 102.04 ml in
group B (p < 0.0001) and a mean increase of 22.36 ± 25.06
cm H2O in MEP in group A versus 7.70 ± 12.28 cm H2O in
group B (p = 0.002) was found.

Conclusions. These findings indicate that patients
with COPD with exacerbations achieve a less favourable
outcome of pulmonary rehabilitation, with a significantly
lower improvement of physical performance, respiratory
muscle strength and lung function in respect to subjects
without exacerbations.
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significant improvement of FEV1 after inhalation
of salbutamol.

A number of characteristics potentially able to
influence the results were considered. In all pa-
tients the duration of COPD, the smoking habit,
the presence of concomitant cardiopathy, the use
of inhaled beta2-agonists, and the use of inhaled
corticosteroids were obtained by clinical history.
The lung function at baseline was also considered,
thus all patients underwent prior the start of reha-
bilitation programme, which averaged one month
after the inclusion, to pneumologic assessment by
plethysmography, measurement of maximum in-
spiratory and expiratory mouth pressures (MIP and
MEP) as indicators of loss in respiratory muscle
strength, and the 6-minute walking test as indica-
tor of exercise performance [8], with an increase of
at least 54 meters compared to baseline considered
as significant [9].

During the rehabilitation programme no
change to the drug treatment was made.

Methods

Functional assessment: The FEV1, the FVC,
and the RV were measured by an automated pul-
monary function testing center (6200 Autobox DL,
Sensor Medics, Yorba Linda, CA, USA) in accor-
dance with recognised standards [10]. MIP and
MEP were gauged by an hand-held analogic
manometer (PiMAX – PeMAX METER, Alpa,
Milan, Italy) measuring from – 200 to + 200 cm
H2O.

Six-minute walking test: The test was per-
formed as previously described [8], following ade-
quate instruction and training of each patient. The
walking distance was measured by using a 37 me-
ter-long hospital corridor where the patients had to
walk from end to end at their own pace while re-
ceiving verbal encouragement by a research assis-
tant.

Pulmonary rehabilitation: The programme was
conducted according to a schedule in eight visits in
four weeks in a day hospital setting, with exercise
training by either cycle ergometer or treadmill, ac-
cording to the patient’s capacity, for 30 minutes.
Upper-limb and trunk exercise training, and respi-
ratory muscle training carried out using low pres-
sure PEP with a bottle at 6-8 cm H2O and a tube 80
cm long with a 1 cm diameter. In addition, patients
attended a standard educational course of eight

lessons on COPD and were instructed to perform
the muscle exercise and respiratory training each
day at home for the duration of the programme.

Statistical analysis

Frequency distributions of the characteristics
of the two groups at baseline and of the improve-
ment in 6 minute walking test were compared us-
ing the chi-square test. The differences between
the two groups with a 95% confidence interval in
FEV1 and MEP measurement and in the timed
walk distance were analysed by the T test, the cor-
relation between different parameters were
analysed by the Pearson test. A p value lower than
0.05 was considered significant.

Results

The two groups were well matched according
to demography and the considered characteristics,
as reported in table 1. In particular, the mean base-
line values of functional parameters and of timed
walk distance were not significantly different. In
group A – patients without exacerbations – 19 of
37 subjects had a significant improvement at the 6-
minute walking test, with a walking distance at
least 54 meters longer than the baseline, while in
the group B – patients with exacerbations – 12 of
37 subjects achieved such outcome, this distribu-
tion being not significantly different. The mean
changes in FVC, RV, and MIP were not signifi-
cantly different between the two groups, while the
mean changes in timed walk distance, FEV1, and
MEP, demonstrated a significant difference in
favour of the group without exacerbations (p =
0.028 for timed walk distance, p < 0.0001 for
FEV1, and p = 0.002 for MEP with the T test), as
shown in table 2. The values of the two functional
parameters were significantly correlated both at
baseline and after pulmonary rehabilitation (p <
0.001 with Pearson test), while no significant cor-
relation was found between their improvement and
the results of the 6-minute walking test.

Discussion

Pulmonary rehabilitation is a treatment of es-
tablished effectiveness in COPD, as clearly
demonstrated by meta-analysis of the available

Table 1. - Demography and characteristics of the two groups, group A (without exacerbations) and group B (with
exacerbations)

Group Gender Age COPD Smoking Cardiopathy On On inhaled MIP in cm MEP in cm FEV1 in ml FVC in ml RV in ml
(yrs) duration history beta2- corticosteroids H2O H2O

<5 yrs agonists (% predicted) (% predicted)

A 24 m 74.6 16/37 31/37 2/37 20/37 27/37 82.14 ± 25.36 90.86 ± 33.42 1249.9 ± 673.3 2533.4 ± 648.9 3329.1 ± 1289.3
13 f (61-84) (93.76 ± 29.01) (54.78 ± 21.97)

B 23 m 73.9 25/37 29/37 4/37 23/37 30/37 77.50 ± 26.69 88.33 ± 41.61 1191.6±584.9 2212.7 ± 803.1 3390.6 ± 1605.5
14 f (56-85) (92.54 ± 22.85) (53.11 ± 16.57)
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studies [11]. It is generally composed by physical
activity and education, and the improvement of pa-
tients may be assessed in a number of outcomes,
including quality of life, symptoms, physical per-
formance, and number and duration of hospitalisa-
tion caused by COPD [12, 13]. Regarding physical
performance, the 6 minute walking test was
demonstrated as an adequate index to measure the
exercise capacity after an initial course of pul-
monary rehabilitation [14], and the cut-off indicat-
ing a significant improvement was established in
an increase of 54 metres in respect of the baseline
value [9].

By contrast, thus far there is no data indicating
that pulmonary rehabilitation is able to improve
lung function. On the other hand, it has long been
thought that in COPD the progressive decrease of
lung function, as expressed by measurement of
FEV1 cannot be prevented by any treatment [15].

However, recent studies have demonstrated
that drug treatment, and in particular latest genera-
tion inhaled corticosteroids and long acting beta2-
agonists, are able to obtain significant improve-
ment in the FEV1 measurement [16], and therefore
such concepts must be considered no more a pos-
tulate.

The aim of the present study was to compare
the changes observed in the 6 minute walking test
as an index of physical ability and in the FEV1 as
an index of lung function after an initial course of
pulmonary rehabilitation in patients with COPD
with or without exacerbations. The most recent de-
finition describes an exacerbation as “a sustained
worsening of the patient’s symptoms from his or
her usual stable state that is beyond normal day to
day variation, and is acute in onset. The change in
symptoms often necessitates a change in medica-
tion” [17]. We allocated the patients in the group
with exacerbation when they had had at least three
exacerbations in the last three years, with the latest
exacerbation occurring at least one month before
inclusion – and actually about two months before
commencing rehabilitation – to avoid clinical insta-
bility due to a recent episode. In fact, the two
groups were well matched regarding demographic
data, characteristics of COPD, and functional para-
meters at baseline. No significant difference be-
tween the groups in the number of subjects signifi-
cantly improving at walking test, with at least 54
metres more than baseline, was observed. Howev-

er, statistical analysis detected an highly significant
difference in the mean number of meters walked
compared to baseline in favour of the group of pa-
tients without exacerbations. Also, a highly signif-
icant difference was found concerning the im-
provement of the FEV1 and of MEP in patients
without exacerbations compared to patients with
exacerbations. The two parameters were statistical-
ly correlated, suggesting a probable role of respira-
tory muscle training, which achieved a significant-
ly higher increase of the muscle strength in patients
without exacerbations and consequently improved
their ability in performing expiratory manoeuvres.
By contrast, the significantly higher improvement
in the timed walking distance in patients without
exacerbations, statistically unrelated to the func-
tional parameters, is likely to depend upon the gen-
eral exercise training. Nonetheless, the overall re-
sults indicate a more favourable outcome in sub-
jects without exacerbations, at least with the reha-
bilitation protocol we used in this study.

Of course, this does not mean that patients
with exacerbations are not responsive to pul-
monary rehabilitation. For example, it has been re-
ported that in patients with exacerbations a course
of pulmonary rehabilitation is able to reduce their
frequency and duration in the follow-up [4]. More-
over, also in the group we studied a substantial
number of subjects with exacerbations showed an
improvement of the physical performance as mea-
sured by the walking test, despite the fact that they
failed to improve the MEP and FEV1.

These findings should stimulate research in the
pathophysiology of exacerbations, on which little
is currently known [15], and especially on the fac-
tors underlying their occurrence or not in COPD
patients, with particular attention at changes of the
functional parameters.
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