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Scope, introduction and background
The aim of pulmonary rehabilitation is to
reduce disability and handicap in people with
lung disease and to improve their quality of life
while diminishing the health care burden. The
fundamental principles of rehabilitation (box
1) are widely accepted and practised unques-
tioningly in other medical disciplines, yet a
recent survey has shown that provision of pul-
monary rehabilitation services in the UK for
one of the most common causes of disability is
very poor.1 In other countries, particularly
North America, pulmonary rehabilitation has
always had a more prominent role in the care of
patients with chronic lung disease.2 3 The
historical reasons for the poor showing in the
UK are complex, but may include medical
indiVerence to non-pharmacological manage-
ment, lack of scientific evidence, poor funding,
and ineVective consumer demand. Clinical
guidelines also appear to be lagging behind the
strength of evidence in respect of rehabilita-
tion.4

Opinions, however, are now beginning to
change as the benefits are becoming clear to
both clinicians and their patients. The scientific
evidence is also beginning to grow as investiga-
tive tools appropriate to respiratory medicine
and compatible with the original World Health
Organisation outcomes of impairment, disabil-
ity, and handicap have been developed.5 There

is now strong scientific evidence to recommend
the application of pulmonary rehabilitation
programmes that comprise physical training,
education, dietetics, occupational therapy, psy-
chology, and social support. The benefits
include improvements in exercise perform-
ance, health status, dyspnoea, and reduction in
usage of health services. Other potential
advantages are suspected but, as yet, unproven.

Summaries of the scientific evidence and
recommendations for practice have recently
been published by the American Thoracic
Society and in the ACCP/AACVPR evidence-
based guidelines.2 6 This document from the
British Thoracic Society is therefore not
intended to become another new set of guide-
lines but, instead, will develop these existing
publications and introduce more recent evi-
dence. The purpose is to summarise the avail-
able evidence for both the process and benefits
of pulmonary rehabilitation to convince pro-
viders, commissioners, and consumers of
health care to introduce a worthwhile service.
It should be of value to clinicians wishing to set
up or develop a service, to public health physi-
cians who wish to evaluate the evidence, and to
patient groups who want to campaign for
improved local services. The document has
been developed by a subcommittee of the
Standards of Care Committee of the British
Thoracic Society (BTS). Membership of the
subcommittee included physicians with and
without a declared interest in pulmonary reha-
bilitation, a physiotherapist, an exercise scien-
tist, and clinical psychologists.

New references are cited where assertions
are not supported in the existing statements
and guidelines. These new references from
January 1999 to February 2001 were obtained
by an electronic literature search of Medline
using the key words “pulmonary rehabilita-
tion”, “COPD”, and “exercise and training”. A
total of 50 additional original papers published
in peer review journals were identified. Practi-
cal recommendations for the process and man-
agement of pulmonary rehabilitation are given
in the text and tables. The strength of evidence
was agreed by consensus and is described
according to the accepted convention (table
1).7 The document was reviewed by the Stand-
ards of Care Committee, and a draft copy was
also made available for comment for a limited
period to members of the BTS on the oYcial
website.

+ The goals of rehabilitation are to reduce
the symptoms, disability, and handicap
and to improve functional independence
in people with lung disease

+ It is assumed that optimum medical
management has been achieved or con-
tinues alongside the rehabilitation proc-
ess

+ The rehabilitation process incorporates a
programme of physical training, disease
education, nutritional, psychological, so-
cial, and behavioural intervention

+ Rehabilitation is provided by a multi-
professional team with involvement of the
patients’ family and attention to indi-
vidual needs

+ The outcome of rehabilitation for indi-
viduals and programmes should be con-
tinually observed with the appropriate
measures of impairment, disability, and
handicap.

Box 1 General principles of rehabilitation.
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Size of the problem in the United
Kingdom
The majority of people with chronic respiratory
disability suVer from chronic obstructive pulmo-
nary disease (COPD). Surveys of people with

chronic lung disease by the British Lung Foun-
dation suggest that 90% of chronic lung disease
is due to chronic airflow obstruction.8 There are
approximately 600 000 people in the UK with
COPD, most of whom present to their doctors
with symptoms after the age of 40.9 At the
moment the prevalence rates are higher in men,
but this is now beginning to equalise.10 Preva-
lence also rises with age and is currently 5% in
men aged 65–75, increasing to 10% in men over
75 years. Older patients are therefore likely to
suVer multiple disability. Clear data are not
available for prevalence according to severity,
but surveys of individual general practices
suggest that approximately one third of suVerers
may have significant disability. Figures are stable
overall in the UK, but the prevalence of COPD
in developing countries is expected to rise
steeply as tobacco consumption increases.11

Table 1 Levels of evidence and grading of recommendations7

Level Type of evidence

Ia Meta-analysis of randomised controlled trials
Ib At least one randomised controlled trial
IIa At least one well designed controlled study without randomisation
IIb At least one other type of well designed quasi-experimental study
III From well designed non-experimental descriptive studies
IV Expert committee reports of opinions and/or clinical experiences

of respected authorities

Grade Type of evidence
A (levels Ia,Ib) Requires at least one randomised controlled trial
B (levels IIa, IIb, III) Well conducted clinical studies but no randomised controlled trial
C (level IV) Expert committee reports or opinion. Indicates absence of

directly applicable studies of good quality

Selection
+ Although most patients will have COPD, the benefits

of rehabilitation may apply to all patients with
dyspnoea from respiratory disease. [B]

+ The introduction of rehabilitation becomes appropri-
ate when patients become aware of their disability.
Rehabilitation should be considered at all stages of
disease progression when symptoms are present and
not at a predetermined level of impairment. This
would usually be MRC dyspnoea grade 3 or above.
[C]

+ There is currently no justification for selection on the
basis of age, impairment, disability, or smoking status.
Some patients with serious co-morbidity such as car-
diac or locomotor disability may not benefit as much.
[B]

+ The only issues material to selection are poor motiva-
tion and the logistical factors of geography, transport,
equipment usage, and the group composition. [C]

Setting
+ Pulmonary rehabilitation is eVective in all settings

including hospital inpatient, hospital outpatient, the
community, and the home. [A]

+ Cost comparison suggests that hospital outpatient
rehabilitation is currently the most eYcient form of
delivery. [C]

Programme content
+ Outpatient programmes should contain a minimum

of 6 weeks of physical exercise, disease education,
psychological, and social intervention. [B]

+ Physical aerobic training, particularly of the lower
extremities (brisk walking or cycling), is mandatory.
[A]

+ Upper limb and strength building exercise can be
included. [B]

+ Exercise prescription should be precise and individu-
ally assessed. [C]

+ Individual training intensity should be recorded and
can be increased through the programme where toler-
ated. [C]

+ Training intensity should usually be 60–70% of
V~O2peak (this can be derived from SWT perform-
ance). However, benefit can be obtained from lower

intensity training where necessary, and increased ben-
efits can be obtained from higher intensity training
(85% V~O2peak) when this can be achieved. [C]

+ Training frequency should involve three sessions
(20–30 minutes) per week of which at least two should
be supervised. [C]

+ Supplementary oxygen during training should be
provided where clinically important desaturation is
documented at the training workload. [C]

+ Comprehensive disease education for patient and
family is an important part of overall management
that can be conducted within the rehabilitation
programme. [C]

+ Access to individual advice on physiotherapy, nutri-
tion, occupational therapy, smoking cessation, end of
life planning, and physical relationships is desirable.
[C]

Process
+ A nominated clinician with an interest in respiratory

disease should be responsible for the programme. This
clinician should normally be responsible for medical
assessment prior to entry to the programme. [C]

+ The programme should have a responsible oYcer
appointed for the purpose. The coordinator may
come from a profession allied to medicine or nursing.
[C]

+ StaYng ratios will vary according to the patient char-
acteristics, but a staV/patient ratio of 1:8 would be
reasonable for the supervision of exercise classes. [C]

+ There should be multiprofessional involvement from
local resources. [C]

+ Policies should exist for the stages of rehabilitation
which include referral, assessment, selection, rehabili-
tation, and outcome assessment. [C]

+ Regular audit of the programme is desirable. [C]

Outcome measures
+ These should be embedded in the programme as part

of the process. [C]
+ The outcome measures should reflect the goals of

rehabilitation by examination of relevant impairment,
disability, handicap, and domestic activity. [C]

+ Outcome measures need only be simple but centres
with expertise can use advanced technology. [C]

Summary of key points
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Target population and selection of
patients: who benefits?
The medical management of patients entering
rehabilitation needs to be optimal. Pulmonary
rehabilitation may subsequently benefit all
patients with lung disease whose lifestyle is
being adversely aVected by chronic breathless-
ness. The vast majority of these patients will
have COPD. Patients with other chest condi-
tions causing breathlessness, such as chronic
asthma, bronchiectasis and pulmonary fibrosis,
may also benefit. There is little specific
published evidence for the eVectiveness of
rehabilitation in those without COPD. Where
comparisons have been made, the results in
non-COPD appear to be identical to the rest of
the published literature. Obviously, if a pro-
gramme has a specific non-COPD patient
population, the details of the process may need
to be modified to meet those needs. Patients
with locomotor problems, significant cardiac
disease, or cognitive impairment will be limited
in their ability to exercise or comprehend.
Patients with unstable angina or aortic valve
disease may be unable to exercise safely. Some
have suggested that it may be inappropriate to
treat current smokers,12 but there is no
evidence to support their exclusion and they
may obtain similar benefits to others if compli-
ant. However, smoking cessation is obviously
desirable.

Since the demand is likely to exceed
resources, some selection may be necessary. No
formal trials of selection criteria exist, although
it is known that the benefits are independent of
age or severity.13 It is therefore likely that con-
cordance with the programme will relate to
motivation and access. Formal assessments of
motivation have not been made, although
informal assessment can be made by interview.
Non-compliance relates to social isolation, lack
of social support, and continued smoking.14

The programmes can be made more accessible
by the careful choice of location or the
provision of transport.

The process of pulmonary rehabilitation
SITE AND PERSONNEL

The most recent definition of pulmonary reha-
bilitation is “a multidisciplinary programme of
care for patients with chronic respiratory
impairment that is individually tailored and
designed to optimise physical and social
performance and autonomy”.2 The location of
the programme is less important than the con-
tent. Approximately one third of hospitals in
the UK provide courses and the majority use
hospital facilities.1 In the UK we have some
experience with outpatient programmes but
only limited experience of providing inpatient,
home, or community rehabilitation. However,
recent papers describe home rehabilitation by
specialists in the UK and elsewhere and explo-
ration of the potential in primary care is
beginning.15–18

The success of rehabilitation programmes is
attributed to the multiprofessional team. This
may involve dedicated sessions from personnel
including the physician, physiotherapist, nurse,
dietician, social worker, occupational therapist,

pharmacist, lung function technician, and pre-
vious course graduates. All these personnel
should be available in most hospitals. Psycholo-
gists and exercise scientists, while not always as
accessible, may make a valuable contribution.

FORMAT, CONTENT AND BENEFITS

Trials of pulmonary rehabilitation have shown
good results with various strategies. These
include supervised outpatient attendance (1–5
sessions per week) and daily inpatient pro-
grammes. The consensus of the committee was
that at least three exercise sessions per week are
necessary for sustained improvement, two of
which should be supervised. There is a sugges-
tion that two sessions alone may be inad-
equate.19 Supervision of some sessions appears
to be vital.20 The optimal length of an
outpatient course is in the region of 6–8 weeks,
allowing adequate time to achieve a physiologi-
cal training eVect where possible. There is
some suggestion of a dose-response eVect
occurring before and extending beyond this
period. A pragmatic approach would currently
suggest a 6 week outpatient programme with
two supervised sessions and additional instruc-
tions to train at home on a daily basis. Inpatient
rehabilitation has similar benefits to the outpa-
tient programmes but is more expensive,
although improvements may occur over a
shorter period of 2–3 weeks.21

The core content of a rehabilitation pro-
gramme is discussed below but should include
aerobic physical exercise training and infor-
mation on disease education. Additional com-
ponents could include limb strength and upper
limb training, psychological intervention,
smoking cessation, and nutritional interven-
tion. There is now evidence that such a
comprehensive individually tailored pro-
gramme of rehabilitation will improve func-
tional exercise capacity, reduce exertional dys-
pnoea, and improve health status (box 2).1 2

Health economic benefits of rehabilitation are
only just beginning to be explored, but
reductions in hospital admission frequency,
duration of stay, exacerbation rate, general
practitioner home visits, and bronchodilator
usage have all been reported.22–25

DOSE RESPONSE EFFECT AND MAINTENANCE

The improvements in health status measure-
ment and exercise performance following
pulmonary rehabilitation do not appear to be
related to each other. Increases in exercise per-
formance can occur quite quickly, but the

Evidence exists that a multiprofessional
individually tailored programme of rehabili-
tation including prescribed endurance exer-
cise training should:
+ Improve functional exercise capacity [Ia]
+ Improve health status [Ia]
+ Reduce dyspnoea [Ia]
+ Have some health economic advantages

[Ib]

Box 2 The benefits of pulmonary rehabilitation
based on present evidence.

Pulmonary rehabilitation 829
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changes in health status may lag behind as
patients adjust to the lifestyle change. The
optimum duration of physical training is
unknown since direct comprehensive compari-
sons of the length of programmes have not yet
been published. One recent comparison
suggests that improvements in physical per-
formance occur by 4 weeks, but the improve-
ments in health status may take longer.26

Outpatient programmes lasting 4–12 weeks
have been shown to be eVective, but pro-
grammes longer than this add little.27 The
improvements in exercise tolerance and health
status achieved by rehabilitation have been
shown to decline after 6–12 months.22 28 29 The
benefits of rehabilitation are still evident up to
1 year, irrespective of attendance at a follow up
programme, and may persist for longer.23 30 31

One third of patients may still retain significant
improvements in health status after 2 years.
There is no substantial evidence that prolonged
maintenance treatment is beneficial or, if it is,
what form it should take. If it does have a role,
then comparisons have suggested that a
monthly follow up programme results in
greater improvements than weekly follow up,
perhaps because of greater self-reliance.32

COST

Programme costs will depend upon the size
and scope as well as transport and personnel
costs. In the UK survey in 1998, annual costs
of outpatient programmes ranged from less
than £2000 to more than £20 000 per
programme. The cost for each participant was
about £400–700.1

SAFETY ISSUES

The prevalence of ischaemic heart disease in
this population has not been well defined. The
rate of critical incidents occurring during rou-
tine maximal exercise testing, even in patients
with cardiac disease, is small.33 Modest physical
exercise does not appear to produce myocardial
repolarisation abnormalities, even in the pres-
ence of hypoxaemia, in patients with COPD.34

However, it is recommended that simple first
aid medication (oxygen, nebulised bronchodi-
lators, glyceryl trinitrin, etc) should be avail-
able on site. StaV supervising exercise pro-
grammes should be trained in resuscitation
(e.g. to Advanced Life Support (ALS) stand-
ard). The backup of a hospital arrest team is
probably unnecessary.

The components of rehabilitation
PHYSICAL TRAINING

Patients with COPD stop exercising because of
shortness of breath or muscle fatigue. Thus,
physical exercise training is a universal compo-
nent of pulmonary rehabilitation programmes.
As previously stated, physical training results in
improved exercise tolerance, measurable
changes in the physiological response to
exercise, and improvements in health status.
The optimal length, duration, frequency, and
intensity of training sessions remain to be pre-
cisely determined.

ENDURANCE (AEROBIC) TRAINING

The most widely used modalities of exercise
training are walking and cycling, singly or in
combination, and should be considered in
terms of frequency, duration, and intensity. To
demonstrate a physiological training eVect,
outpatient courses should have35:
+ a course duration of 4–12 weeks36–39;
+ supervised training sessions 2–5 times per

week;
+ a session duration of 20–30 minutes;
+ a target exercise intensity corresponding to

at least 60% of the maximum attained power
output or V~O2peak in a preliminary progres-
sive maximal exercise test; Alternatively,
60% of the maximal walking speed achieved
on the shuttle walk test could be used.
Two eVective strategies for progressing the

exercise prescription have also been described:
(1) Setting the duration of continuous exercise
and then gradually increasing the work rate
towards the target level.31

(2) Setting the intensity of exercise and then
increasing the duration of the exercise period
towards the target duration.40 41 Supervision is
needed to ensure progressive training. In those
unable to sustain extended exercise bouts, an
interval training technique may be used.42

The training intensity may be set using heart
rate, treadmill speed, shuttle walking speed, or
cycle ergometer load at the given percentage of
peak work rate during the preliminary exercise
test. Heart rate on exercise does not seem to be
a strong predictor of work intensity in COPD.43

However, dyspnoea ratings (e.g. the Borg scale)
may be used in a similar way to set exercise
intensity using a target level of dyspnoea.44–46

Training at a high percentage of peak work
capacity can be achieved in COPD. True
physiological training may only be achieved
with these high relative training intensities, but
useful benefits in functional performance may
occur with lower levels of supervised activity.
This is because enhanced exercise task capacity
can also be achieved by improvements in con-
fidence, ergonomics, or reduction in the aVec-
tive component of dyspnoea.47

Patients with COPD often report diYculty
with tasks involving the upper limbs. Upper
extremity exercise by, for example, arm ergo-
meter cranking or unsupported arm exercise
using weights may therefore be a useful
addition to the process.

STRENGTH TRAINING

Isolated muscle strength training by repetition
with weights has been shown to produce
improvements in walking endurance, muscle
strength, and health status but not maximal
capacity.48 Low intensity peripheral muscle
training has also been shown to be beneficial,49

and training is achievable without injury.50

Unloaded repetitions may allow severely disa-
bled patients to begin training.49 The addition
of strength training to aerobic exercise im-
proves muscle bulk and strength but does not
improve whole body exercise performance or
health status beyond that achieved by aerobic
exercise alone.51 Demonstrable skeletal muscle
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weakness is present even in mild COPD and
can be improved by training.52

RESPIRATORY MUSCLE TRAINING

Inspiratory muscle strength may be reduced in
some patients with COPD. Training the respi-
ratory muscles can improve strength and
endurance, but this appears to be task specific
and the eVects do not have an impact on over-
all disability or handicap.53 It is possible that
respiratory muscle training loads used to date
have been inadequate or that combined
training is necessary to produce a wider eVect.
For the present, respiratory muscle training is
not an essential component in rehabilitation.

Respiratory muscle support by non-invasive
ventilation may have a role in rehabilitation.
There is some evidence that nocturnal domi-
ciliary non-invasive ventilation (NIPPV) can
augment the eVects of a rehabilitation pro-
gramme in patients with severe COPD.54 55 It is
also possible that NIPPV during exercise can
enhance skeletal muscle training by overcom-
ing a ventilatory limit to exercise where that
exists. At present this technique is limited to
the laboratory treadmill since current portable
NIPPV devices do not oVer any advantage in
patient performance.56

USE OF OXYGEN DURING EXERCISE TRAINING

Patients with normal oxygen tension at rest can
show frequent and sometimes severe desatura-
tion during activities of daily living,57 so the
prescription of oxygen in rehabilitation is a dif-
ficult area. There is no consensus about identi-
fication of the need for supplemental oxygen or
the optimal mode of delivery, but the routine
use of supplemental oxygen in patients under-
going mild exercise induced desaturation does
not enhance rehabilitation outcomes.58 59 Most
published studies do not report oxygen usage
but, for the present, it would be reasonable to
recommend that supplementary oxygen be
provided during exercise when clinically im-
portant desaturation (SpO2 <90%) has been
found at the training load in the preliminary
test. Clearly, once ambulatory oxygen is
recommended for training, then it should be
continued for similar activity at home, in line
with the recent guidelines from the Royal Col-
lege of Physicians.60

EDUCATION

Patient education is a central feature of pulmo-
nary rehabilitation but is not eVective alone in
improving health status or physical perform-
ance without the other components.61 How-
ever, it may improve medication habits.25 62

Areas commonly covered by the education
component are shown in box 3. The form of
delivery of these talks should be determined by
available local resources. Additional material in
the form of leaflets and continuing education
instructions may also be useful.

PSYCHOLOGY AND BEHAVIOURAL INTERVENTION

The role of psychological disturbance such as
anxiety and depression in the development of
disability in lung disease remains uncertain.63

However, the coexistence of reduced self-
eYcacy and the aVective component of dys-
pnoea is likely to have an eVect on perform-
ance. Improvements in self-eYcacy for walking
and the emotional components of health status
have been demonstrated after rehabilitation.
Where anxiety and depression exist, they can
be improved by rehabilitation.64 Psychological
and behavioural intervention is already embed-
ded in the structure of rehabilitation pro-
grammes through the delivery of education,
small group discussions, and relaxation
therapy. Antidepressant or anxiolytic pharma-
cotherapy appears to have no additional
general value. The role of specific, individual,
or group psychotherapy is also unclear.

One area where psychological assessment
may prove fruitful is in the assessment of moti-
vation since identification of readiness to
change may improve compliance with physical
training.65

PHYSIOTHERAPY, RELAXATION EXERCISES, AND

ENERGY CONSERVATION

Individual physiotherapy advice to patients
with sputum production is an appropriate
component of rehabilitation when this has not
been addressed previously. The physiotherapist
also has a role in providing advice about
relaxation and breathing retraining techniques.
The true value of these techniques has not yet
been established, although they may be popular
with patients. Clinical trials of diaphragmatic
breathing retraining or pursed lip breathing
have not been shown to be eVective.66 The
benefits of energy conservation advice have
also not been formally explored although they
would seem to have some intrinsic merit.
Occupational therapy may be particularly
helpful in this area.

NUTRITION

Poor nutrition frequently accompanies ad-
vanced lung disease and is an independent pre-
dictor of worsening mortality and health

+ Anatomy, physiology, pathology and
pharmacology (including oxygen
therapy)

+ Dyspnoea/symptom management, chest
clearance techniques

+ Energy conservation/ pacing
+ Nutritional advice
+ Managing travel
+ Benefits system
+ Advance directives
+ Making a change plan
+ Anxiety management
+ Goal setting and rewards
+ Relaxation
+ Identifying and changing beliefs about

exercise and health related behaviours
+ Loving relationships/sexuality
+ Exacerbation management (including

coping with setbacks and relapses)
+ The benefits of physical exercise

Box 3 Suggested content of education sessions.
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status.67–69 This is not always evident from sim-
ple weight or body mass index (BMI) esti-
mates. Wherever possible a measure of fat free
mass should be made to identify those aVected.
Other patients may be obese and dietary advice
to both groups may be helpful. Nutritional
supplements can increase fat free mass and
muscle strength; the eVect on eYciency of
physical training is unknown but is currently
being explored. Anabolic agents are also being
examined and may increase muscle bulk but
not exercise capacity.70 A recent meta-analysis
has concluded that nutritional support alone
has no eVect in improving anthropometric
measures, lung function, or functional exercise
capacity.71 However, the number of adequate
studies available for analysis was fairly small.

REHABILITATION AND LUNG VOLUME REDUCTION

SURGERY

Lung volume reduction surgery (LVRS) oVers
hope of improvement for some selected
patients with heterogeneous emphysema. Prior
rehabilitation is an important prerequisite to
ensure maximal preoperative fitness and to
allow patients to make an informed decision.
Surgery results in improvements in forced
expiratory volume in one second (FEV1), exer-
cise performance, and health status beyond
that obtained by rehabilitation alone.27 72

Doubts remain regarding the long term cost
eVectiveness of surgery in comparison with
rehabilitation, but these will be answered by
current trials. Detailed comparisons between
rehabilitation and LVRS are probably unhelp-
ful since rehabilitation is applicable to almost
every patient with chronic lung disease while
surgery applies only to a select few.

Assessing the benefits: process and
outcome
The individual assessment of patients and
evaluation of programmes should be embed-
ded in the process of rehabilitation. Outcomes
can be informally categorised into the WHO
categories of impairment, disability, and handi-
cap.5 This classification is now being revised so
that social and environmental eVects can be
better incorporated.

Impairment of lung function does not
reverse with rehabilitation, although its
measurement may be important to describe the
population. Skeletal muscle dysfunction and
nutritional status are secondary measures of
impairment and are capable of improvement.
Peak oxygen uptake and dyspnoea during
maximal exercise is also a measure of physio-
logical impairment. The gold standard meas-
ure is a laboratory exercise test on either a
treadmill or cycle ergometer. A symptom
limited maximal test has been shown to be sen-
sitive to change following rehabilitation where
an increase in V~O2peak of approximately 15%
has been reported.73

In the setting of the rehabilitation pro-
gramme, disability can be pragmatically as-
sessed by testing functional capacity with a
field based exercise test such as the timed 6
minute walk test (6MWT) or a shuttle walking
test (SWT, incremental or endurance). One

diYculty with the interpretation of studies that
have used timed walking tests has been the lack
of standardisation that may have led to
factitious improvement.74 A change of 54 m has
been suggested to be the minimum needed for
clinical significance in a properly conducted
6MWT.75 A similar value for the incremental
SWT has not yet been identified, although
changes in the region of 30–55% have been
reported following rehabilitation.16 22 28 A test of
endurance shuttle walking capacity is even
more sensitive to change.76 A measure of
dyspnoea or fatigue (VAS or Borg) alongside
exercise testing should be considered to
increase the sensitivity of exercise measure-
ments.

Handicap, or the social impact of disease,
can be assessed using health status measures.
General measures have been employed such as
the Short Form-36 (SF-36) or Quality of Well
Being Scale (QWB) which demonstrate less
sensitivity than disease specific questionnaires
but have value for cross disease comparisons
and health economic analysis.77–79 The Chronic
Respiratory Questionnaire (CRQ) is consist-
ently sensitive to change and clinically signifi-
cant levels of change have been published.75 A
recent meta-analysis showed an improvement
in the dyspnoea and fatigue components of the
CRQ in 14 randomised controlled trials of
rehabilitation.73 There is, however, no univer-
sally applicable health status measure. The
characteristics of the diVerent questionnaires
may make them specific to the context and
purpose in which they are used.80 The results
may therefore vary slightly according to the
character of the rehabilitation programme. It
has also become clear that measures which
appear to be less immediately sensitive, such as
the St George’s Respiratory Questionnaire
(SGRQ), may in fact be more durable once
clinically important change is achieved.22 In the
absence of maintenance rehabilitation therapy,
this change may confirm a genuine change in
lifestyle. Most health status measures encom-
pass aspects of impairment, disability, and
handicap. Only one questionnaire, the Psycho-
social Adjustment to Illness Scale-Self Report
(PAIS-SR) which measures handicap alone by
examination of the pyschosocial adjustment to
illness, has been applied in the context of pul-
monary rehabilitation.81 The choice of ques-
tionnaire as outcome measure may also be
influenced by the ease of use. The CRQ is easy
to score but currently may take 20 minutes to
administer, while the SGRQ is nominally self-
administered but has more complicated scor-
ing.

The central aim of rehabilitation is to
increase function, and there are an increasing
number of questionnaires of functional status
in this field—for example, the Pulmonary
Functional Status Scale (PFSS) and Pulmo-
nary Functional Status and Dyspnoea Ques-
tionnaire (PFSDQ)—but their sensitivity to
change following rehabilitation has only under-
gone limited study.82 Some argue that infor-
mation on function is already included in some
of the disease specific health status measures
and additional questionnaires are unnecessary.
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As domestic independence is an important goal
of rehabilitation, this should be reflected by
standardised activity of daily living (ADL)
scales. People with chronic respiratory disease
may, however, have diVerent challenges to
those with other disabilities so two disease spe-
cific ADL scales have recently been reported
for use in chronic lung disease.83 84 One further
development has been the use of physical
activity monitors to record general levels of
domestic movement.85 86

PROCESS AUDIT

Audit of pulmonary rehabilitation provision
should address fundamental recruitment and
retention issues as well as the outcome
measures identified above. Examples of process
research include the compliance rate, adher-
ence to exercise prescription, and patient satis-
faction. Quality control of programmes across
the UK has not yet been addressed. Minimum
standards should be identified and develop-
ment of a national database encouraged.

The health need and further development
The scientific exploration of pulmonary reha-
bilitation has only just begun, but research has
already had an immediate impact on clinical
practice. Many questions remain unanswered
concerning the optimum format, conduct, and
delivery of programmes. The complete impact
of rehabilitation on the lives of patients and
their relatives is largely unexplored and the
health economic issues are currently being
addressed. Understanding of the nature of dis-
ability in lung disease has improved by altering
the focus away from the lung to the skeletal
musculature with the promise that other meth-
ods of enhancing physical performance in
addition to physical training may be eVective.87

There are now strong arguments for the
widespread development of pulmonary reha-
bilitation services. The prevalence of disability
due to chronic respiratory disease is high. Pul-
monary rehabilitation is a safe, eVective, and
inexpensive intervention which may reduce
health service usage and is popular with
patients and clinicians alike. The need for the
service is evident, the demand for rehabilitation
is substantial, while the capacity to supply
rehabilitation services is poor. To improve the
situation, action from consumers, health pro-
fessionals, and even commissioners of health
care will need to be stimulated, but the
evidence already exists to justify immediate
investment in pulmonary rehabilitation serv-
ices for patients with chronic lung disease.

1 Davidson AC, Morgan MDL. A UK survey of the provision
of pulmonary rehabilitation. Thorax 1998;53(Suppl
4):A86.

2 American Thoracic Society. Pulmonary rehabilitation,
1999. Am J Respir Crit Care Med 1999;159:1666–82.

3 Brooks D, Lacasse Y, Goldstein RS. Pulmonary rehabilita-
tion programs in Canada: national survey. Can Respir J
1999;6:55–63.

4 Lacasse Y, Ferreira I, Brooks D, et al. Critical appraisal of
clinical practice guidelines targeting chronic obstructive
pulmonary disease. Arch Intern Med 2001;161:69–74.

5 World Health Organization. International classification of
impairments, disabilities and handicaps. Geneva: World
Health Organisation, 1980.

6 ACCP/AACVPR Pulmonary Rehabilitation Guidelines
Panel, American College of Chest Physicians, American

Association of Cardiovascular and Pulmonary Rehabilita-
tion. Pulmonary rehabilitation: joint ACCP/AACVPR
evidence-based guidelines. Chest 1997;112:1363–96.

7 Petrie J, Barnwell B, Grimshaw J, on behalf of the Scottish
Intercollegiate Guidelines Network. Clinical guidelines: crite-
ria for appraisal for national use. Edinburgh: Royal College of
Physicians, 1995.

8 Herbst K, McNeill S, Threlfall E, et al. British Lung Foun-
dation survey of respiratory health care provision in
Greater London. Thorax 2000;54(Suppl 3):A43.

9 Calverley PMA, Bellamy D. The challenge of providing bet-
ter care for patients with chronic obstructive pulmonary
disease: the poor relation of airways obstruction? Thorax
2000;55:78–82.

10 Soriano JB, Maier WC, Egger P, et al. Recent trends in phy-
sician diagnosed COPD in women and men in the UK.
Thorax 2000;55:789–94.

11 Murray CJ, Lopez AD. Alternative projections of mortality
and disability by cause 1990–2020: global burden of
disease study. Lancet 1997;349:1498–504.

12 Donner CF, Muir JF. Selection criteria and programmes for
pulmonary rehabilitation in COPD patients. Rehabilitation
and Chronic Care Scientific Group of the European Respi-
ratory Society. Eur Respir J 1997;10:744–57.

13 Berry MJ, Rejeski WJ, Adair NE, et al. Exercise rehabilita-
tion and chronic obstructive pulmonary disease stage. Am
J Respir Crit Care Med 1999;160:1248–53.

14 Young P, Dewse M, Fergusson W, et al. Respiratory rehabili-
tation in chronic obstructive pulmonary disease: predictors
of nonadherence. Eur Respir J 1999;13:855–9.

15 Hernandez MT, Rubio TM, Ruiz FO, et al. Results of a
home-based training program for patients with COPD.
Chest 2000;118:106–14.

16 Wedzicha JA, Bestall JC, Garrod R, et al. Randomized con-
trolled trial of pulmonary rehabilitation in severe chronic
obstructive pulmonary disease patients, stratified with the
MRC dyspnoea scale. Eur Respir J 1998;12:363–9.

17 Strijbos JH, Postma DS, van Altena R, et al. Feasibility and
eVects of a home-care rehabilitation program in patients
with chronic obstructive pulmonary disease. J Cardiopulm
Rehabil 1996;16:386–93.

18 Wijkstra PJ, Strijbos JH. Home-based rehabilitation for
patients with chronic obstructive pulmonary disease.
Monaldi Arch Chest Dis 1998;53:450–3.

19 Ringbaek TJ, Broendum E, Hemmingsen L, et al. Rehabili-
tation of patients with chronic obstructive pulmonary
disease. Exercise twice a week is not suYcient! Respir Med
2000;94:150–4.

20 Puente-Maestu L, Sanz ML, Sanz P, et al. Comparison of
eVects of supervised versus self-monitored training pro-
grammes in patients with chronic obstructive pulmonary
disease. Eur Respir J 2000;15:517–25.

21 Fuchs-Climent D, Le Gallais D, Varray A, et al. Quality of
life and exercise tolerance in chronic obstructive pulmo-
nary disease: eVects of a short and intensive inpatient reha-
bilitation program. Am J Phys Med Rehabil 1999;78:330–5.

22 GriYths 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.

23 Guell R, Casan P, Belda J, et al. Long-term eVects of outpa-
tient rehabilitation of COPD: a randomized trial. Chest
2000;117:976–83.

24 Young P, Dewse M, Fergusson W, et al. Improvements in
outcomes for chronic obstructive pulmonary disease
(COPD) attributable to a hospital-based respiratory
rehabilitation programme. Aust NZ J Med 1999;29:59–65.

25 Gallefoss F, Bakke PS. How does patient education and
self-management among asthmatics and patients with
chronic obstructive pulmonary disease aVect medication?
Am J Respir Crit Care Med 1999;160:2000–5.

26 Green RH, Singh SJ, Williams J, et al. A randomised
controlled trial of four weeks versus seven weeks of pulmo-
nary rehabilitation in chronic obstructive pulmonary
disease. Thorax 2001;56:143–5.

27 Criner GJ, Cordova FC, Furukawa S, et al. Prospective ran-
domized trial comparing bilateral lung volume reduction
surgery to pulmonary rehabilitation in severe chronic
obstructive pulmonary disease. Am J Respir Crit Care Med
1999;160:2018–27.

28 Singh SJ, Smith DL, Hyland ME, et al. A short outpatient
pulmonary rehabilitation programme: immediate and
longer-term eVects on exercise performance and quality of
life. Respir Med 1998;92:1146–54.

29 Cambach W, Wagenaar RC, Koelman TW, et al. The long-
term eVects of pulmonary rehabilitation in patients with
asthma and chronic obstructive pulmonary disease: a
research synthesis. Arch Phys Med Rehabil 1999;80:103–11.

30 Foglio K, Bianchi L, Bruletti G, et al. Long-term
eVectiveness of pulmonary rehabilitation in patients with
chronic airway obstruction. Eur Respir J 1999;13:125–32.

31 Troosters T, Gosselink R, Decramer M. Short- and
long-term eVects of outpatient rehabilitation in patients
with chronic obstructive pulmonary disease: a randomized
trial. Am J Med 2000;109:207–12.

32 Vogiatzis I, Williamson AF, Miles J, et al. Physiological
response to moderate exercise workloads in a pulmonary
rehabilitation program in patients with varying degrees of
airflow obstruction. Chest 1999;116:1200–7.

33 Roca J, Whipp BJ. Clinical exercise testing. Eur Respir Soc
Monogr 1997;2(6).

34 Smith RP, Johnson MK, Ashley J, et al. EVect of exercise
induced hypoxaemia on myocardial repolarisation in severe
chronic obstructive pulmonary disease. Thorax 1998;53:
572–6.

Pulmonary rehabilitation 833

www.thoraxjnl.com

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thorax.56.11.827 on 1 N

ovem
ber 2001. D

ow
nloaded from

 

http://thorax.bmj.com/


35 Vallet G, Ahmaidi S, Serres I, et al. Comparison of two
training programmes in chronic airway limitation patients:
standardized versus individualized protocols. Eur Respir J
1997;10:114–22.

36 Casaburi R, Porszasz J, Burns MR, et al. Physiologic benefits
of exercise training in rehabilitation of patients with severe
chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 1997;155:1541–51.

37 Wijkstra PJ, van der Mark TW, Kraan J, et al. EVects of
home rehabilitation on physical performance in patients
with chronic obstructive pulmonary disease (COPD). Eur
Respir J 1996;9:104–10.

38 Cambach W, Chadwick-Straver RV, Wagenaar RC, et al.
The eVects of a community-based pulmonary rehabilita-
tion programme on exercise tolerance and quality of life: a
randomized controlled trial. Eur Respir J 1997;10:104–13.

39 Maltais F, LeBlanc P, Jobin J, et al. Intensity of training and
physiologic adaptation in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 1997;155:
555–61.

40 Punzal PA, Ries AL, Kaplan RM, et al. Maximum intensity
exercise training in patients with chronic obstructive
pulmonary disease. Chest 1991;100:618–23.

41 Strijbos JH, Postma DS, van Altena R, et al. A comparison
between an outpatient hospital-based pulmonary rehabili-
tation program and a home-care pulmonary rehabilitation
program in patients with COPD. A follow-up of 18
months. Chest 1996;109:366–72.

42 Coppoolse R, Schols AM, Baarends EM, et al. Interval ver-
sus continuous training in patients with severe COPD: a
randomized clinical trial. Eur Respir J 1999;14:258–63.

43 Zacarias EC, Neder JA, Cendom SP, et al. Heart rate at the
estimated lactate threshold in patients with chronic
obstructive pulmonary disease: eVects on the target inten-
sity for dynamic exercise training. J Cardiopulm Rehabil
2000;20:369–76.

44 Mejia R, Ward J, Lentine T, et al. Target dyspnea ratings
predict expected oxygen consumption as well as target
heart rate values. Am J Respir Crit Care Med 1999;159:
1485–9.

45 Horowitz MB, Mahler DA. Dyspnea ratings for prescription
of cross-modal exercise in patients with COPD. Chest
1998;113:60–4.

46 Stulbarg MS, Carrieri-Kohlman V, Gormley JM, et al.
Accuracy of recall of dyspnea after exercise training
sessions. J Cardiopulm Rehabil 1999;19:242–8.

47 Gimenez M, Servera E, Vergara P, et al. Endurance training
in patients with chronic obstructive pulmonary disease: a
comparison of high versus moderate intensity. Arch Phys
Med Rehabil 2000;81:102–9.

48 Simpson K, Killian K, McCartney N, et al. Randomised
controlled trial of weightlifting exercise in patients with
chronic airflow limitation. Thorax 1992;47:70–5.

49 Clark CJ, Cochrane L, Mackay E. Low intensity peripheral
muscle conditioning improves exercise tolerance and
breathlessness in COPD. Eur Respir J 1996;9:2590–6.

50 Kaelin ME, Swank AM, Adams KJ, et al. Cardiopulmonary
responses, muscle soreness, and injury during the one rep-
etition maximum assessment in pulmonary rehabilitation
patients. J Cardiopulm Rehabil 1999;19:366–72.

51 Bernard S, Whittom F, LeBlanc P, et al. Aerobic and
strength training in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 1999;159:
896–901.

52 Clark CJ, Cochrane LM, Mackay E, et al. Skeletal muscle
strength and endurance in patients with mild COPD and
the eVects of weight training. Eur Respir J 2000;15:92–7.

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

54 Garrod R, Mikelsons C, Paul EA, et al. Randomized
controlled trial of domiciliary noninvasive positive pressure
ventilation and physical training in severe chronic obstruc-
tive pulmonary disease. Am J Respir Crit Care Med
2000;162:1335–41.

55 Polkey MI, Hawkins P, Kyroussis D, et al. Inspiratory pres-
sure support prolongs exercise induced lactataemia in
severe COPD. Thorax 2000;55:547–9.

56 Revill SM, Singh SJ, Morgan MD. Randomized controlled
trial of ambulatory oxygen and an ambulatory ventilator on
endurance exercise in COPD. Respir Med 2000;94:778–83.

57 Schenkel NS, Burdet L, de Muralt B, et al. Oxygen satura-
tion during daily activities in chronic obstructive pulmo-
nary disease. Eur Respir J 1996;9:2584–9.

58 Rooyackers JM, Dekhuijzen PN, van Herwaarden CL, et al.
Training with supplemental oxygen in patients with COPD
and hypoxaemia at peak exercise. Eur Respir J 1997;10:
1278–84.

59 Garrod R, Paul EA, Wedzicha JA. Supplemental oxygen
during pulmonary rehabilitation in patients with COPD
with exercise hypoxaemia. Thorax 2000;55:539–43.

60 Royal College of Physicians. Domiciliary oxygen therapy
services: clinical guidelines and advice for prescribers. Report of
a working party. London: Royal College of Physicians,
1999.

61 Toshima MT, Kaplan RM, Ries AL. Experimental evalua-
tion of rehabilitation in chronic obstructive pulmonary

disease: short-term eVects on exercise endurance and
health status. Health Psychol 1990;9:237–52.

62 Gallefoss F, Bakke PS, Rsgaard PK. Quality of life
assessment after patient education in a randomized
controlled study on asthma and chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 1999;159:
812–7.

63 van Ede L, Yzermans CJ, Brouwer HJ. Prevalence of
depression in patients with chronic obstructive pulmonary
disease: a systematic review. Thorax 1999;54:688–92.

64 Withers NJ, Rudkin ST, White RJ. Anxiety and depression
in severe chronic obstructive pulmonary disease: the eVects
of pulmonary rehabilitation. J Cardiopulm Rehabil 1999;19:
362–5.

65 Marcus BH, Owen N. Motivational readiness, self-eYcacy
and descision-making for exercise. J Appl Soc Psychol 1992;
22:3–16.

66 Gosselink RA, Wagenaar RC, Rijswijk H, et al. Diaphrag-
matic breathing reduces eYciency of breathing in patients
with chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 1995;151:1136–42.

67 Landbo C, Prescott E, Lange P, et al. Prognostic value of
nutritional status in chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med 1999;160:1856–61.

68 Mostert R, Goris A, Weling-Scheepers C, et al. Tissue
depletion and health related quality of life in patients with
chronic obstructive pulmonary disease. Respir Med 2000;
94:859–67.

69 Schols AM, Slangen J, Volovics L, et al. Weight loss is a
reversible factor in the prognosis of chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 1998;157:
1791–7.

70 Casaburi R. Rationale for anabolic therapy to facilitate
rehabilitation in chronic obstructive pulmonary disease.
Bailliere’s Clin Endocrinol Metab 1998;12:407–18.

71 Ferreira IM, Brooks D, Lacasse Y, et al. Nutritional support
for individuals with COPD: a meta-analysis. Chest 2000;
117:672–8.

72 Geddes D, Davies M, Koyama H, et al. EVect of lung
volume reduction surgery in patients with severe emphy-
sema. N Engl J Med 2000;343:239–45.

73 Lacasse Y, Wong E, Guyatt GH, et al. Meta-analysis of res-
piratory rehabilitation in chronic obstructive pulmonary
disease. Lancet 1996;348:1115–9.

74 Elpern EH, Stevens D, Kesten S. Variability in performance
of timed walk tests in pulmonary rehabilitation programs.
Chest 2000;118:98–105.

75 Redelmeier DA, Guyatt GH, Goldstein RS. Assessing the
minimal important diVerence in symptoms: a comparison
of two techniques. J Clin Epidemiol 1996;49:1215–9.

76 Revill SM, Morgan MD, Singh SJ, et al. The endurance
shuttle walk: a new field test for the assessment of
endurance capacity in chronic obstructive pulmonary
disease. Thorax 1999;54:213–22.

77 Benzo R, Flume PA, Turner D, et al. EVect of pulmonary
rehabilitation on quality of life in patients with COPD: the
use of SF-36 summary scores as outcomes measures. J
Cardiopulm Rehabil 2000;20:231–4.

78 Boueri FM, Bucher-Bartelson BL, Glenn KA, et al. Quality
of life measured with a generic instrument (Short
Form-36) improves following pulmonary rehabilitation in
patients with COPD. Chest 2001;119:77–84.

79 Guyatt GH, King DR, Feeny DH, et al. Generic and specific
measurement of health-related quality of life in a clinical
trial of respiratory rehabilitation. J Clin Epidemiol 1999;52:
187–92.

80 Singh SJ, Sodergren SC, Hyland ME, et al. A comparison of
three disease-specific and two generic health-status meas-
ures to evaluate the outcome of pulmonary rehabilitation in
COPD. Respir Med 2001;95:71–7.

81 Stubbing DG, Haalboom P, Barr P. Comparison of the Psy-
chosocial Adjustment to Illness Scale-Self Report and
clinical judgment in patients with chronic lung disease. J
Cardiopulm Rehabil 1998;18:32–6.

82 Haggerty MC, Stockdale-Woolley R, ZuWallack R. Func-
tional status in pulmonary rehabilitation participants. J
Cardiopulm Rehabil 1998;19:35–42.

83 Garrod R, Bestall JC, Paul EA, et al. Development and vali-
dation of a standardized measure of activity of daily living
in patients with severe COPD: the London Chest Activity
of Daily Living scale (LCADL). Respir Med 2000;94:589–
96.

84 Yohannes AM, Roomi J, Winn S, et al. The Manchester
Respiratory Activities of Daily Living questionnaire: devel-
opment, reliability, validity, and responsiveness to pulmo-
nary rehabiliation. J Am Geriatr Soc 2000;48:1496–500.

85 Schonhofer B, Ardes P, Geibel M, et al. Evaluation of a
movement detector to measure daily activity in patients
with chronic lung disease. Eur Respir J 1997;10:2814–9.

86 Steele BG, Holt L, Belza B, et al. Quantitating physical
activity in COPD using a triaxial accelerometer. Chest
2000;117:1359–67.

87 Steiner MC, Morgan MDL. Enhancing physical perform-
ance in COPD. Thorax 2001;56:73–7.

834 British Thoracic Society

www.thoraxjnl.com

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thorax.56.11.827 on 1 N

ovem
ber 2001. D

ow
nloaded from

 

http://thorax.bmj.com/

