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Background: Bronchiectasis is a chronic suppurative lung disease often characterised by airflow
obstruction and hyperinflation, and leading to decreased exercise tolerance and reduced health status. The
role of pulmonary rehabilitation (PR) and inspiratory muscle training (IMT) has not been investigated in this
group of patients.
Methods: Thirty two patients with idiopathic bronchiectasis were randomly allocated to one of three
groups: PR plus sham IMT (PR-SHAM), PR plus targeted IMT (PR-IMT), or control. All patients (except the
control group) underwent an 8 week training programme of either PR or PR plus targeted IMT. Exercise
training during PR was performed three times weekly at 80% of the peak heart rate. IMT was performed at
home for 15 minutes twice daily over the 8 week period.
Results: PR-SHAM and PR-IMT resulted in significant increases in the incremental shuttle walking test of
96.7 metres (95% confidence interval (CI) 59.6 to 133.7) and 124.5 metres (95% CI 63.2 to 185.9),
respectively, and in endurance exercise capacity of 174.9% (95% CI 34.7 to 426.1) and 205.7% (95% CI
31.6 to 310.6). There were no statistically significant differences in the improvements in exercise between
the two groups. Significant improvements in inspiratory muscle strength were also observed both in the PR-
IMT group (21.4 cm H2O increase, 95% CI 9.3 to 33.4; p = 0.008) and the PR-SHAM group
(12.0 cm H2O increase, 95% CI 1.1 to 22.9; p = 0.04), the magnitude of which were also similar
(p = 0.220). Improvements in exercise capacity were maintained in the PR-IMT group 3 months after
training, but not in the PR-SHAM group.
Conclusion: PR is effective in improving exercise tolerance in bronchiectasis but there is no additional
advantage of simultaneous IMT. IMT may, however, be important in the longevity of the training effects.

P
ulmonary rehabilitation is a multidisciplinary approach
to treating patients with chronic lung disease and is
advocated in American,1 British2 and European3 guide-

lines on the management of chronic obstructive pulmonary
disease (COPD) as an important component of medical care.
Since pulmonary rehabilitation has traditionally focused on
patients with COPD, its effectiveness in other chronic lung
diseases has received little attention, although it has been
implemented with clinical success in patients with cystic
fibrosis4 and in those with restrictive pulmonary defects.5

Bronchiectasis is a chronic (often suppurative) lung
disease not traditionally included in the definition of COPD,
but also characterised by airflow obstruction and symptoms
including cough, sputum production, wheeze, dyspnoea, and
decreased exercise tolerance.6 7 The causes of dyspnoea and
the reduced exercise capacity are multifactorial and include
altered pulmonary mechanics, inefficient gas exchange,
decreased muscle mass, and confounding psychological
morbidity, all of which lead to a progressive detraining
effect.8 Theoretically, one would therefore expect pulmonary
rehabilitation to be as effective in bronchiectasis as it is in
COPD, but to date only one study has been performed which
included only seven patients with the disease.9

The reduced exercise capacity and increased dyspnoea in
patients with COPD is partly attributable to expiratory flow
limitation resulting in dynamic hyperinflation and increased
intrinsic positive end expiratory pressure, exacerbated by a
reduction in inspiratory muscle force. Recently, Koulouris et
al10 demonstrated the presence of tidal expiratory flow
limitation in patients with bronchiectasis, related to an
increase in dyspnoea and a reduced exercise tolerance. This
was also postulated to be a result of dynamic hyperinflation
and consequent inspiratory muscle loading.

Inspiratory muscle training (IMT) has been shown to be an
important adjunct to pulmonary rehabilitation in COPD
patients with reduced respiratory muscle strength, resulting
in greater improvements in exercise capacity than with
exercise training alone.11 12 This improvement in exercise
capacity may be due to a reduction in the perception of
dyspnoea during exercise, or it may be a result of the increase
in inspiratory muscle strength at the end of the training
programme.13 The effect of IMT in conjunction with exercise
training in patients with bronchiectasis has not been
investigated previously. However, the demonstration of
inspiratory muscle loading during exercise10 suggests that
IMT may also be beneficial in this group of patients.
One of the hallmark symptoms of patients with bronch-

iectasis is the chronic production of purulent sputum, the
clearance of which may be improved by physiotherapy,14

antibiotic treatment15 and, in patients with cystic fibrosis, by
exercise training.16 Repeated inspiratory manoeuvres per-
formed during specific IMT may potentially have a beneficial
effect on ease of expectoration in patients with bronchiecta-
sis, but this has not been investigated.
The aims of this study were therefore to compare the

effects of pulmonary rehabilitation together with either
targeted or sham IMT in patients with bronchiectasis. We
assessed a range of outcome measures including respiratory

Abbreviations: FEV1, forced expiratory volume in 1 second; IMT,
inspiratory muscle training; KCO, carbon monoxide transfer coefficient;
PImax, PEmax, maximum inspiratory and expiratory pressures; PR,
pulmonary rehabilitation; RV, residual volume; TLC, total lung capacity;
TLCO, lung carbon monoxide transfer factor; VC, vital capacity; V̇O2,
oxygen consumption.
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muscle function, lung function, exercise capacity, sputum
clearance, and health status.

METHODS
Subjects
Thirty two patients (six men) with bronchiectasis confirmed
by high resolution computed tomography (HRCT) were
allocated randomly (using a computer generated random
number sequence) to one of three groups: (1) pulmonary
rehabilitation plus sham IMT (PR-SHAM, n=11); (2)
pulmonary rehabilitation plus targeted IMT (PR-IMT,
n=12); and (3) a control group with no intervention
(n=9). In 18 of the patients studied the disease was
confined to one or two lobes within the lungs. The remaining
14 patients had widespread disease that was either varicose
or cylindrical in nature. Patients with HRCT evidence of
concomitant emphysema were excluded from the study.
Seven patients had previously undergone a lobectomy for
their disease (two in the PR-IMT group, three in the PR-
SHAM group and two in the control group). In 23 patients
the origin of the disease was unknown. In the remaining nine
the disease was attributed to a past childhood illness
including pneumonia (n=5) and whooping cough (n=4).
During the training programme one patient withdrew from

the PR-SHAM group and one from the PR-IMT group due to
an exacerbation of the disease. During the subsequent follow
up period a further two patients withdrew from each of the
training groups, two for personal reasons and two because of
an exacerbation of their disease.
Patients were excluded if they had evidence of endocrine,

orthopaedic, or primary cardiac disorders, coronary artery
disease, hypertension or cor pulmonale. Patients were also
excluded if they had experienced an acute exacerbation
within the previous 6 weeks or were receiving long term oral
corticosteroid treatment. All other medications were per-
mitted for use during the study. All patients were observed
over a 4 week run-in period when their regular treatment
was maintained, to verify stability in their clinical and
functional status. The study protocol was approved by the
South Birmingham Health Authority research ethical com-
mittee.

Measurements
In the PR-IMT and PR-SHAM groups measurements were
performed at the start and the end of the training programme
(8 weeks) and 3 months after the programme had been
completed. In the control group measurements were per-
formed on two occasions 8 weeks apart. All patients attended
the laboratory prior to these study visits in order to
familiarise them with the measurement procedures and
therefore minimise the effects of test habituation. On this
occasion, measurements of respiratory muscle function were
repeated until variability had decreased to less than 5%
between manoeuvres and patients performed one test each of
the maximal exercise test, endurance capacity test and the
incremental shuttle walking test (ISWT). Lung function tests
were not practised as all patients had previously performed
these measurements on several occasions.

Lung function
Lung function testing was performed according to national
guidelines17 and included spirometric parameters, static lung
volumes, and transfer factor. Results were compared with
standard reference values.18

Respiratory muscle strength
Measurements were made according to the methods
described by Black and Hyatt19 using a handheld mouth
pressure meter (Morgan Medical Ltd, Kent, UK). Maximal

expiratory pressure (PEmax) was measured near total lung
capacity after a maximal inspiration; maximal inspiratory
pressure (PImax) was measured near residual volume after a
maximal expiration. Pressures were maintained for at least
1 second and the highest of three technically satisfactory
measurements (within 5%) was recorded.

Exercise testing
Exercise test conditions were standardised for time of day,
medication administration, test instruction, and degree of
coaching. The endurance exercise test was performed on the
same day as the incremental exercise test with a rest period of
1 hour. The ISWT was performed on a separate day.

Maximal incremental treadmill test
Progressive exercise testing was performed on a treadmill
(Morgan Medical Ltd) using a modification of the Balke
protocol.20 After initial recording of resting measurements
(2 min) the grade increased from an initial zero grade by a
gradient of 1% each minute. During the test, continuous
measurements were made of inspired ventilation, oxygen
uptake and carbon dioxide output and averaged over
30 second intervals. Ventilation (l/min) was measured by
integration of the flow signal via a pressure transducer
(Morgan Medical Ltd) from a Fleisch pneumotachograph
placed at the inspiratory port of a two-way non-rebreathable
valve (Hans Rudolf, Cranlea, Birmingham, UK). Expired gas
passed via a mixing chamber (Morgan Medical Ltd) through
oxygen (Zirconia Cell Analyser, Morgan Medical Ltd) and
carbon dioxide (Infrared Analyser, Morgan Medical Ltd)
analysers, respectively. Heart rate and oxygen saturation
were monitored throughout the test via a pulse oximeter
(Ohmeda Biox 2700, Ohmeda, Herts, UK). At the termination
of the test, end of exercise dyspnoea was rated using a
modified Borg scale;21 peak oxygen uptake was recorded in
ml/min/kg and compared with predicted values.22

Submaximal exercise test
Endurance exercise capacity was measured on a treadmill
(Morgan Medical Ltd) at 85% of the peak oxygen uptake
achieved on the baseline incremental test. Patients exercised
to volitional fatigue and the total distance walked in metres
was recorded. Throughout the test, heart rate and oxygen
saturation were continuously monitored via a pulse oximeter
(Ohmeda Biox, Ohmeda). The intensity of the endurance test
was the same at the start and end of the training programme.

Incremental shutt le walking test ( ISWT)
Patients walked at an increasing speed up and down a 10 m
course delineated by two cones according to the methods of
Singh et al.23 The test was terminated when the patient was
no longer able to maintain the required speed or became too
breathless to continue, at which time the distance walked in
metres was recorded.

Health status
Patients completed the St George’s Respiratory Questionnaire
(SGRQ)24 which included assessment in the three domains of
symptoms, activities and impacts. Patients were blinded to
their responses on previous visits to minimise bias after the
training programme.

24 hour sputum volume
Patients began collection at a set time on the day preceding
the scheduled visit and completed the collection period
24 hours later. They were encouraged to collect all expecto-
rated sputum into preweighed containers and the volume
collected was determined by weight, assuming 1 g=1 ml of
sputum.25
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Pulmonary rehabilitation programme
Exercise training
Patients in the PR-SHAM and PR-IMT groups completed an
8 week hospital based outpatient programme of high
intensity exercise training. Exercise training sessions were
performed three times weekly and consisted of two sessions
within the hospital and one further session at home. The
duration of each exercise training session was 45 minutes
and patients were required to exercise at 80% of the peak
heart rate achieved on the initial maximal incremental
exercise test targeted using the Borg rating scale for
dyspnoea.23 Exercise training within the hospital consisted
of treadmill walking (15 minutes), cycle ergometry (15 min-
utes), and stair climbing (15 minutes). The home exercise
programme consisted of a 45 minute period of walking (with
the intensity targeted using the Borg rating scale) recorded in
a diary card that was reviewed weekly in order to monitor
compliance. No formal maintenance training sessions were
offered at the end of the 8 week programme and patients
only attended the hospital during this time as part of their
routine clinical management. All patients were advised,
however, on the importance of continuing with the exercises
at home in order to maintain the benefits obtained at the end
of the programme.
All groups received an 8 week programme of educational

sessions which included disease pathology, rationale for
training, medication, coping strategies, relaxation, nutritional
advice, physiotherapy, and smoking cessation (where appro-
priate).

Inspiratory muscle training (IMT) programme
Training was performed using a pressure threshold device26 at
an individually programmed intensity. In the PR-IMT group,
training started at 30% PImax and increased by 5% each week
until a training intensity of 60% PImax was achieved. In the
PR-SHAM group training was performed at a very low load
(fixed at 7 cm H2O) which has previously been shown to
have no effect on the inspiratory muscles in patients with
COPD.27 28

IMT was performed using an identical technique for both
groups. Patients were instructed to insert the mouthpiece and
exhale gently as far as possible to residual volume. Following
this, they were instructed to take a rapid breath inwards to

total lung capacity. Patients were advised that inspiration
should last for approximately 2 seconds and expiration for
6 seconds, so that the breathing frequency was approxi-
mately 8 breaths/min. This breathing pattern has previously
been shown to improve inspiratory muscle function during
IMT in patients with COPD.28

IMT was performed for 15 minutes twice daily at home for
8 weeks. Patients were instructed in the use of the device and
maintained a training diary. Training progression was
monitored by weekly re-evaluation of PImax in both training
groups and training intensity was adjusted by altering the
spring tension within the device. This was performed weekly
by the investigator using a pressure transducer to record the
inspiratory pressure developed during inspiratory man-
oeuvres. Patients in the control group did not undergo
inspiratory muscle training.

Statistical analysis
Baseline characteristics are reported as mean (SD) with
changes from baseline given as mean and the 95% confidence
interval (CI). Comparisons of the changes between groups
were performed using a one way ANOVA with significant
differences being further investigated using unpaired t tests
with adjustment for multiple comparisons (Bonferroni).
Baseline and post training data were compared within groups
using a paired t test.
The study was powered to detect a mean (SD) difference of

20 (15) cm H2O in PImax between the groups with 80%
power and a significance level of 0.05. This indicated 10
patients in each group would be required. A difference in
walking distance of 50 m (using the ISWT) between the
groups (assuming a SD of 40 m) would require 11 patients
per treatment group.

RESULTS
There were no significant differences between the groups at
baseline (table 1) and no changes in lung function through-
out the study. No changes were observed in the control group
in any of the parameters measured over the 8 week period.
At baseline, all three patient groups demonstrated a

reduction in PEmax (table 1) compared with the predicted
value, which remained unchanged throughout the period of
study (data not shown). The groups displayed a wide range of

Table 1 Mean (SD) baseline physiological characteristics of patients who completed the
study (n = 32)

Parameter PR-SHAM PR-IMT Control

M/F 4/7 2/10 0/9
Smoking status 4 EX/7 NS 2 EX/10 NS 2 EX/7 NS
Age (years) 63.1 (3.5) 57.3 (2.4) 62.9 (3.9)
FEV1 (l) 1.44 (0.77) 1.23 (0.74) 1.49 (0.61)
FEV1 (% predicted) 64 54 69
FEV1/VC% 57.0 (0.20) 54.1 (0.20) 66.2 (0.09)
RV (l) 2.14 (0.97) 2.51 (0.95) 1.83 (0.87)
RV (% predicted) 111 133 99
TLC (l) 5.04 (1.68) 4.92 (1.10) 4.26 (1.37)
TLC (% predicted) 97 98 88
TLCO (mmol/min/kPa) 6.32 (2.07) 5.88 (1.61) 5.92 (2.13)
TLCO (% predicted) 79 76 76
KCO (mmol/min/kPa/l) 1.65 (0.44) 1.63 (0.29) 1.66 (0.35)
KCO (% predicted) 86 82 82
PImax (cm H2O) 66.4 (22.0) 78.0 (17.7) 77.2 (24.7)
PImax (% predicted) 87 98 103
PEmax (cm H2O) 97.3 (37.5) 75.8 (28.5) 87.4 (22.9)
PEmax (% predicted) 66 53 63
Peak V̇O2 (ml/min/kg) 15.6 (6.2) 19.8 (8.3) 19.0 (5.0)
Peak V̇O2 (% predicted) 77 88 92

EX, ex-smoker; NS, never smoked; FEV1, forced expiratory volume in 1 second; VC, vital capacity; TLC, total lung
capacity; RV, residual volume; TLCO, lung carbon monoxide transfer factor; KCO, carbon monoxide transfer
coefficient; PImax, PEmax, maximum inspiratory and expiratory pressures; V̇O2, oxygen consumption.
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measurements for PImax (range 36–119 cm H2O) with a
significant degree of impairment being observed in some
patients.
No changes in respiratory muscle function were observed

in the control group over the 8 week period (77.2
(24.7) cm H2O and 75.8 (8.5) cm H2O at baseline and at
the end of the 8 weeks, respectively). PImax increased from
78.0 (17.7) cm H2O at baseline to 100.5 (25.7) cm H2O at the
end of training (p=0.003) in the PR-IMT group (fig 1A),
with a similar increase in the PR-SHAM group (fig 1B). There
was no significant difference in the magnitude of the increase
in PImax between the two training groups (p=0.220;
table 2). Similarly, there was no difference between the
groups in the magnitude of the change between the end of
training and 3 months after training (29.7 cm H2O (95% CI
217.5 to21.8) in the PR-IMT group and (21.9 cm H2O (95%
CI 212.7 to 9.0) in the PR-SHAM group; p=0.186). We were
unable to obtain data from two patients in each group at the
3 month follow up. Individual data obtained at this time are
shown in figs 1A and B for the PR-IMT and PR-SHAM
groups, respectively.
No changes in peak oxygen uptake were observed in any of

the three groups at the end of the 8 week period (table 2). In
contrast, there were significant improvements in endurance

exercise capacity in both the PR-IMT group (mean increase
607.3 metres, 95% CI 436.0 to 778.7) and the PR-SHAM
group (mean increase 392.8 metres, 95% CI 251.7 to 534.0),
the magnitude of which was similar between the groups.
Individual patient data are shown in fig 2A and B,
respectively.
Similarly, the percentage increase in walking distance was

similar between the two training groups (mean change
205.7% (95% CI 34.7 to 426.1) in the PR-IMT group and
174.9% (95% CI 31.6 to 310.6) in the PR-SHAM group). No
changes in endurance exercise capacity were observed in the
control group (table 2).
Three months after the training programme had ended the

improvement in endurance exercise capacity was maintained
in the PR-IMT group (fig 2A) but not in the PR-SHAM group
(fig 2B): 1394.7 (347.7) metres and 398.1 (114.2) metres in
the PR-IMT and PR-SHAM groups, respectively (p,0.01).
Furthermore, the change between the end of training and
3 months after training was significantly different between
the groups (260.8 metres (95% CI 2203.4 to 81.7) in the PR-
IMT group and 2382.9 metres (95% CI 2602.1 to 163.7) in
the PR-SHAM group; p=0.01).

Baseline End of training 3 months post

Baseline End of training 3 months post
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Figure 1 Individual changes in PImax during training in (A) the PR-IMT
group and (B) the PR-SHAM group. Individual values for PImax during
training are shown. The lines join data for individual patients.

Table 2 Comparison of changes between the groups during the study

Parameter

Change between baseline and end of training

p valuePR-SHAM PR-IMT Control

PImax (cm H2O) 12.0* (1.1 to 22.9) 21.4�� (9.3 to 33.4) 21.6 (26.2 to 3.0 0) 0.003
V̇O2 peak (ml/min/kg) 1.96 (21.8 to 5.7) 0.35 (22.4 to 3.1) 21.91 (24.6 to 0.8) 0.192
ISWT (m) 96.7** (59.6 to 133.7) 124.5�� (63.2 to 185.9) 11.0 (216.9 to 38.9) 0.002
Endurance exercise (m) 392.8** (251.7 to 534.0) 607.3�� (436.0 to 778.7) 2112.6 (2518.7 to 293.4) 0.0001

PImax, inspiratory oxygen pressure; V̇O2 peak, peak oxygen uptake; ISWT, incremental shuttle walking test.
p values represent differences between the three groups (using ANOVA) at the time point shown. Numbers in parentheses are 95% confidence intervals.
*p,0.05, **p,0.01 control group v PR-SHAM.
��p,0.01 control group v PR-IMT.
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Figure 2 Individual changes in endurance capacity during training in
(A) the PR-IMT group and (B) the PR-SHAM group. Individual data and
changes in endurance capacity are shown before and after 8 weeks
training.
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ISWT distance improved from a mean (SD) of 425.0
(182.9) metres to 579.1 (134.9) metres (p=0.001) in the PR-
IMT group (fig 3A) and from 328.2 (231.9) metres to 387.8
(115.8) metres (p=0.0003) in the PR-SHAM group (fig 3B).
There was no difference in the magnitude of the improve-
ment between the two training groups (mean change
124.5 metres (95% CI 63.2 to 185.9) in the PR-IMT group
and 96.7 metres (95% CI 59.6 to 133.7) in the PR-SHAM
group). There were no significant changes in the ISWT in the
control group (table 2). The improvement in ISWT was
maintained 3 months after training in the PR-IMT group
(579.1 (134.9) metres at the end of training and 568.8
(114.4) metres 3 months later; p=0.121) but not in the PR-
SHAM group (fig 3B). A comparison of the magnitude of the
change between the end of training and 3 months after
training in the two groups (231.1 metres (95% CI 271.7 to
9.5) for the PR-IMT group and 296.3 metres (95% CI 2169.4
to 23.1) for the PR-SHAM group; p=0.07) just failed to reach
statistical significance, which may be related to the fact that a
further two patients withdrew from each group at this time
and the sample size was thus reduced.
There were no significant differences in health status at

baseline between any of the groups. Patients in the PR-IMT
group had a significant improvement in the total SGRQ score
(mean change 27.7 (95% CI 216.6 to 1.1)) compared with
the control group (p=0.05) that was greater than the
minimum clinically important difference (4 points). Three
months after the end of the programme the SGRQ score
remained significantly improved compared with baseline
(mean difference 210.0, 95% CI 221.3 to 1.3)). There were
no significant changes in health status in the PR-SHAM
group (mean change 2.3, 95% CI 22.9 to 7.4; p=0.422
compared with the control group) at the end of the training
programme despite improvements in exercise capacity.

At the end of the training programme there were no
changes in 24 hour sputum volume in the PR-IMT group
(mean (SD) 14.8 (12.1) ml at baseline and 10.6 (9.5) ml at
the end of training; p=0.424), the PR-SHAM group (12.4
(5.7) ml at baseline and 9.8 (6.1) ml at the end of training;
p=0.144) or in the control group (17.8 (10.1) ml at baseline
and 16.9 (15.1) ml at the end of training; p=0.386).

DISCUSSION
This is the first study to investigate the effects of exercise
training in patients with bronchiectasis. It has shown that
the improvements in exercise capacity are similar to those
obtained after pulmonary rehabilitation in patients with
COPD. Pulmonary rehabilitation, incorporating high intensity
exercise training, was effective in improving both ISWT
distance and endurance exercise capacity in patients with
bronchiectasis. Targeted IMT resulted in significant improve-
ments in respiratory muscle strength in the PR-IMT group
but did not provide additional immediate benefit above the
effects of exercise training.
The failure of IMT to enhance the magnitude of the

improvements in exercise performance induced after high
intensity exercise training is similar to the findings of both
Berry et al29 and Larson et al30 in studies of patients with
COPD, and may have occurred for several reasons. Firstly, the
high intensity of the exercise training performed may have
induced the maximum attainable benefits in exercise
capacity in both the PR-IMT and PR-SHAM groups so that
there was no further benefit with the addition of IMT.
Indeed, the intensity of the exercise training was sufficient to
induce a significant improvement in PImax even in the PR-
SHAM group after training, despite there being no targeted
IMT in this group. Secondly, patients had either normal or
only mildly reduced inspiratory muscle strength at baseline,
which suggests that functional weakness of the inspiratory
muscles was not a major cause of dyspnoea. Indeed, in the
study by Larson et al30 in which no additional benefit of IMT
was found in conjunction with exercise training, the baseline
inspiratory muscle strength of the patients studied was also
within normal limits. Finally, the low number of subjects
studied may have been inadequate to demonstrate a small
but significant difference between the groups. Indeed, to
detect a statistically significant difference in the magnitude
of the improvements in ISWT distance between PR-IMT and
PR-SHAM groups would have required 59 patients in each
patient group, based on the observed mean changes of
124.5 metres and 96.7 metres for the PR-IMT and PR-SHAM
groups, respectively.
In the PR-IMT group the improvements in both exercise

capacity and health status observed at the end of the training
programme were maintained 3 months after the cessation
of training, as shown previously in patients with COPD
where improvements have been maintained for up to
11 months.31–33 In contrast, the increase in exercise perfor-
mance in the PR-SHAM group was not maintained, which
could suggest an additive effect of IMT in the PR-IMT group.
While this may relate to a decrease in the perception of
dyspnoea during exercise after specific IMT,13 this was not
investigated during the present study.
We found no statistically significant changes in 24 hour

sputum volume in any of the training groups, which suggests
that neither exercise training nor IMT affected sputum
clearance in this group of patients. While there have been
no previous studies investigating the role of exercise training
as an aid to sputum clearance in patients with bronchiectasis,
these results are similar to those obtained by Salh et al34 in
adult patients with cystic fibrosis.
In summary, pulmonary rehabilitation resulted in

improvements in health status and exercise capacity in
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patients with bronchiectasis that were similar in magnitude
to those in patients with COPD. IMT conferred no immediate
additional benefits in terms of exercise performance but may
influence the longevity of the observed training effects. These
results highlight the potential role of pulmonary rehabilita-
tion in patients with bronchiectasis, although further studies
are necessary to identify the most eligible patients and to
optimise the training programmes to maximise the training
response and maintenance of the benefits.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

C Newall, R A Stockley, S L Hill, Department of Respiratory Medicine,
Queen Elizabeth Hospital, Birmingham, UK

Competing interests: none.

REFERENCES
1 American Thoracic Society. Standards for the diagnosis and care of patients

with chronic obstructive pulmonary disease: ATS statement. Am J Respir Crit
Care Med 1995;152:S77–120.

2 COPD Guidelines Group of the Standards of Care Committee of the BTS. BTS
guidelines for the management of chronic obstructive pulmonary disease.
Thorax 1997;52(Suppl 5).

3 European Respiratory Society. Consensus statement: optimal assessment and
management of chronic obstructive pulmonary disease (COPD). Eur Respir J
1995;8:1398–420.

4 Orenstein DM, Franklin BA, Doershuk CF, et al. Exercise conditioning and
cardiopulmonary fitness in cystic fibrosis: the effects of a 3 month supervised
running programme. Chest 1981;80:392–8.

5 Novitch RS, Thomas HM. Rehabilitation of patients with chronic ventilatory
limitation from nonobstructive lung diseases. In: Casaburi R, Petty T, eds.
Principles and practice of pulmonary rehabilitation. Philadelphia: W B
Saunders, 1993:416–23.

6 Cole PJ. Bronchiectasis. In: Brewis RAL, Gibson GJ, Geddes D, eds.
Respiratory medicine. London: Balliere Tindall, 1990:726–59.

7 Newall C, Henson M, Stockley RA, et al. Respiratory muscle function, exercise
tolerance and quality of life in patients with idiopathic bronchiectasis
(abstract). Am J Respir Crit Care Med 2000;161(Suppl 3):A112.

8 Bradley J, Moran F, Greenstone M. Physical training for bronchiectasis
(Cochrane Review). In: The Cochrane Library, Issue 1. Oxford: Update
Software, 2003.

9 Foster S, Thomas HM. Pulmonary rehabilitation in lung disease other than
chronic obstructive pulmonary disease. Am Rev Respir Dis 1990;141:601–4.

10 Koulouris NG, Retsou S, Kosmas E, et al. Tidal expiratory flow limitation,
dyspnoea and exercise capacity in patients with bilateral bronchiectasis. Eur
Respir J 2003;21:743–8.

11 Weiner P, Azgad Y, Ganam R. Inspiratory muscle training combined with
general exercise reconditioning in patients with COPD. Chest
1992;102:1351–6.

12 Wanke T, Formanek D, Lahrmann H, et al. The effects of combined inspiratory
muscle and cycle ergometer training on exercise performance in patients with
COPD. Eur Respir J 1994;7:2205–11.

13 Weiner P, Magadle R, Berar-Yanay N, et al. The cumulative effect of long-
acting bronchodilators, exercise and inspiratory muscle training on the
perception of dyspnoea in patients with advance COPD. Chest
2000;118:672–8.

14 Cochrane GM, Webber BA, Clarke SW. Effects of sputum on pulmonary
function. BMJ 1977;ii:1181–3.

15 Hill SL, Stockley RA. Effect of short and long term antibiotic response on lung
function in bronchiectasis. Thorax 1986;41:798–800.

16 Cerny FJ. Relative effects of bronchial drainage and exercise for in-hospital
care of patients with cystic fibrosis. Phys Ther 1989;69:633–9.

17 Hutchison DCS, Revill S, Allen M, et al. Guidelines for the measurement of
respiratory function. Respir Med 1994;88:165–94.

18 Quanjer PH, Tammeling GJ, Cotes JE, et al. Lung volumes and forced
ventilatory flows. Report Working Party. Standardisation of Lung Function
Tests, European Community for Steel and Coal. Official statement of the
European Respiratory Society. Eur Respir J 1993;(Suppl 16):5–40.

19 Black LF, Hyatt RE. Maximal respiratory pressures: normal values and
relationship to age and sex. Am Rev Respir Dis 1969;99:696–702.

20 Nagle FJ, Balke B, Naughton JP. Gradational steps for assessing work
capacity. J Appl Physiol 1965;20:745–8.

21 Borg GAV. Psychophysical bases of perceived exertion. Med Sci Sports Exerc
1982;14:377–81.

22 Jones NL, Appendix D. In: Clinical exercise testing. 3rd edn. Philadelphia: W
B Saunders, 1988:306–11.

23 Singh SJ, Morgan MDL, Scott SC, et al. The development of a shuttle walking
test of disability in patients with chronic airways obstruction. Thorax
1992;47:1019–24.

24 Jones PW, Quirk FH, Baveystock CM, et al. A self-complete measure of health
status for chronic airflow limitation: the St Georges’ Respiratory
Questionnaire. Am Rev Respir Dis 1992;145:1321–7.

25 Wilson MJB, Martin DE. Quantitative sputum culture as a means of excluding
false positive reports in routine microbiology laboratory. J Clin Pathol
1972;25:697–700.

26 Caine MP, McConnell AK. Development and evaluation of a pressure
threshold inspiratory muscle trainer for use in the context of sports
performance. Sports Engineering 2000;3:149–59.

27 Larson JL, Kim MJ, Sharp JT, et al. Inspiratory muscle training with a pressure
threshold device in patients with COPD. Am Rev Respir Dis
1988;138:689–96.

28 Lisboa C, Munoz V, Beroiza T, et al. Inspiratory muscle training in chronic
airflow limitation: comparison of two different training loads with a threshold
device. Eur Respir J 1994;7:1266–74.

29 Berry MJ, Adair NE, Sevensky KS, et al. Inspiratory muscle training and
whole-body reconditioning in chronic obstructive pulmonary disease (a
controlled, randomised trial). Am J Respir Crit Care Med 1996;153:1812–6.

30 Larson JL, Covey MK, Wirtz SE, et al. Cycle ergometer and inspiratory muscle
training in chronic obstructive pulmonary disease. Am J Respir Crit Care Med
1999;160:500–7.

31 Vale F, Reardon JZ, ZuWallack RL. The long term benefits of outpatient
pulmonary rehabilitation on exercise endurance and quality of life. Chest
1993;103:42–5.

32 Griffiths TL, Burr ML, Campbell IA, et al. Results at 1 year of outpatient
multidisciplinary pulmonary rehabilitation: a randomised, controlled trial.
Lancet 2000;355:362–8.

33 Troosters T, Gosselink R, Decramer M. Functional exercise capacity and
quality of life remain improved one year after outpatient rehabilitation.
Am J Respir Crit Care Med 1999;159:A691.

34 Salh W, Bilton D, Dodd M, et al. Effect of exercise and physiotherapy in aiding
sputum expectoration in adults with cystic fibrosis. Thorax 1989;44:1006–8.

948 Newall, Stockley, Hill

www.thoraxjnl.com

 on A
pril 26, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2004.028928 on 30 June 2005. D

ow
nloaded from

 

http://thorax.bmj.com/

