
Thorax 1994;49:270-278

Pulmonary rehabilitation in chronic respiratory insufficiency 8
Series editors: 7-F Muir and D 7 Pierson

Setting up a pulmonary rehabilitation
programme

C J Clark

In this series pulmonary rehabilitation has
been defined, the effects on exercise described,
modalities of treatment such as respiratory
muscle training and ventilator therapy con-
sidered, and measures of quality of life
reviewed. This article outlines a stepwise
approach to setting up a pulmonary rehab-
ilitation programme that would be practical in
the UK.

Identification of aims
The definition of pulmonary rehabilitation
(given in the first article of this series) provides
the programme's rationale - to maximise the
functions of daily living for individual patients
with chronic disabling lung disease by intro-
ducing a comprehensive process of assessment
and treatment. The focus will be on chronic
obstructive pulmonary disease as the predom-
inant chronic lung disease to consider first, and
then other applications of pulmonary rehabil-
itation will be mentioned briefly.

Implicit in the approach of this paper is the
assumption that routine services in the UK
already contain many components which
address patients' needs and do not require
duplication. The objective in setting up pul-
monary rehabilitation is therefore to comple-
ment rather than replace existing services. The
advantage of this approach is that it is (1) less
financially prohibitive to add to existing re-
sources, (2) more likely to result in an efficient
use of the resources specifically required for
pulmonary rehabilitation; and (3) the process
of reviewing current practice is likely to ident-
ify deficits and thereby improve the standards
of routine care.
Table 1 gives a list of possible components

of pulmonary rehabilitation which may in-
clude those aspects of patient care not cur-
rently part of routine service and which could
be incorporated into a programme. District

Table 1 Possible components of pulmonary
rehabilitation programme (from ref 35 with permission)

Pharmacological therapy
Education
Physical therapy
Exercise conditioning
Occupational therapy
Psychosocial support
Follow up treatment
Oxygen therapy
Nutritional therapy
Respiratory muscles

general hospital chest clinics usually provide
for prescription of drug therapy, demonstra-
tion of inhaler technique, basic explanation of
the disease process, referral for traditional
physiotherapy breathing techniques, and deal
with special requirements such as long term
oxygen treatment (LTOT) or home ventilator
therapy. Thus some components ofpulmonary
rehabilitation are "already in progress." On
the other hand, investigation of activities of
daily living, psychosocial function, nutritional
status and, in particular, exercise prescription
can be viewed as essential prerequisites for
successful comprehensive pulmonary rehabil-
itation, and it is therefore important to concen-
trate on these aspects of care if not routinely
available.

Deciding the infrastructure
requirements
STAFF REQUIREMENTS
Programme director
A chest physician should undertake this role
which includes medicolegal responsibility for
patient care during rehabilitation. He/she
should be responsible for: (1) all aspects of
programme design; (2) accurate assessment of
suitability of patients for inclusion; (3) ensur-
ing full and informed written consent by the
patient; (4) appropriate programme prescrip-
tion for the individual patient; (5) quality
control of programme administration by staff;
and (6) ensuring continuity of care between the
programme and general practice.

In addition to these administrative respons-
ibilities it is important to leave time to be
practically involved in the training pro-
gramme. This will ensure both that enthusi-
asm is allowed to develop and that the pro-
gramme is viewed by the administration as a
routine rather than optional service. In prac-
tice this requires one fixed session for a pul-
monary rehabilitation medical assessment
clinic plus time availability to see patients on
an ad hoc basis. This latter commitment is
unlikely to be frequent if the programme is
well structured with supportive staff.

Assistant medical staff
Ideally 2-3 sessional commitments per week of
middle grade medical staff should be allocated
to the pulmonary rehabilitation programme.

Hairmyres Hospital,
East Kilbride, Glasgow
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C J Clark
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Setting up a pulmonary rehabilitation programme

One session is for the medical assessment
clinic. This should be a fixed commitment, and
should be recognised as contributing to the
doctor's postgraduate training programme.
The second session is required for medical
supervision of exercise testing (this may
already be covered within existing pulmonary
investigation facilities). A third ongoing com-
mitment is valuable for dealing on an ad hoc
basis with patient problems arising during
rehabilitation. This can be viewed as an exten-
sion of the usual resident staff commitment to
daily in-hospital referral of patients with chest
problems.

Physiotherapist
Pulmonary rehabilitation provides an exciting
new opportunity for physiotherapy, extending
from the traditional role in lung disease
management to a central role in conducting
exercise sessions, a core activity in pulmonary
rehabilitation. The techniques of breathing
retraining are well established adjuncts to the
management of chronic disabling breathless-
ness and routine physiotherapy services nor-
mally include a provision for treatment of
selected patients. Applied exercise physiology
is generally less comprehensively covered in
physiotherapy training though important
in the context of this widening role. Assume,
therefore, that some additional in-service staff
training will be required before formally com-
mencing pulmonary rehabilitation.
The following are recommended for physio-

therapist in-service training:
1. The principles of individualised exercise

prescription' should be studied.
2. The local leisure centre fitness programmes

for normal individuals should be visited to
obtain some experience of standard com-
ponents used. Advice, particularly concern-
ing "start up" programmes for previously
sedentary individuals, should be taken.
Commercial organisations are consumer
responsive and aspects such as gymnasium
lighting and decor, together with careful
choice of music, are essential considera-
tions. Patients are also consumers and com-
pliance is enhanced in circumstances that
are bright and cheerful (the programme
should appear less work and more a "lei-
sure" pursuit)

Table 2 Educational topics for discussion (from ref 36 with permission)

Normal anatomy and physiology of the lungs and heart.
Types of lung disease and other conditions that affect the function of the lungs.
Abnormal anatomy and physiology associated with pulmonary disorders.
Types of medical tests that will be performed, procedures for testing, and interpretation and

significance of the results.
Medications: drug actions, description of products, desired beneficial effects, side effects,

techniques of self-administration, and methods to assist patients to remember to take the
medication.

Breathing exercises, including whether to perform them at rest, during exercise, or during
recovery from exercise or stress.

Energy conservation techniques associated with activities of daily living.
Relaxation techniques and methods to reduce stress.
Emotional aspects of chronic disease.
Nutrition and fluid intake.
Causes of shortness of breath.
Role of exercise and physical fitness.
Recognising problems associated with their disease: infection, hypercapnia, hypoxia.
How to treat symptoms.
Who to call for problems.

3. The basic physiology of exercise limitation
in lung disease23 should be covered through
seminars arranged by the programme director.
Calculation of physiotherapy sessional com-

mitments requires an estimation of the likely
patient throughput. For example:

No. patients per session
Sessions per week per

patient group
Duration of patient
programme

No. physiotherapy exercise
sessions weekly:

aerobic/mobility
multigym
conditioning
programme for
the "severe" patient

Physiotherapy assessment
clinic

8-10 maximum
2 hospital (plus 1

unsupervised)

3 months

5
2
2
1

1 session/week

The minimal physiotherapy commitment
likely for pulmonary rehabilitation of 30
patients over three months with an annual
turnover of 120 patients would be six sessions
- that is, 24 hours/week.

Training in techniques for aiding expector-
ation and breathing retraining should not be
devolved from the routine service to pulmon-
ary rehabilitation as "start-up" funding
should be allocated to new and not to existing
services.

Occupational therapy
This is an essential requirement to ensure
adequate time and expertise is available to
identify problems - that is, those activities of
daily living which can be improved. This
would require one session/week (clinic or
occupational therapy departmental assess-
ment) and an optional session/week for home
visits on an ad hoc basis.

Nurse liaison
The process of pulmonary rehabilitation
involves not only the hospital programmes but
also liaison with primary care workers. The
role of a nurse will be to conduct a weekly
clinic whose function is (1) coordinating
between the referral clinic, the pulmonary
rehabilitation programme, and between the
various programme assessments; (2) to con-
duct patient questionnaire assessments of
quality of life and psychosocial functioning
at the outset and on completion of the pro-
gramme; (3) educational, to improve the
patients' understanding of his/her illness (table
2 summarises the information to be discussed);
(4) before programme completion to ensure
that adequate follow up programmes for self-
management are established with written
guidelines and instructions for primary care
professionals (general practitioners, practice
nurses); (5) collation of nutritional assessment
and advice from the dietician, including
documentation and communication with the
general practitioner; and (6) additional home
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assessment of selected patients, usually those
with severe disease where required. The pro-
gramme should allow for four nurse liaison
sessions/week (one assessment clinic, one admin-
istration/coordination session, one educational
group session, and one "floating" session for
home and health centre liaison visits). N.B. Such
visits require a budget for mileage allowance.

FACILITIES REQUIRED FOR INITIAL AND
ONGOING PATIENT ASSESSMENT
The programme can be conducted as an
additional outpatient service in which all
assessments take place within existing clinic
facilities. A total commitment of three half
day sessions should be allowed at the outset -
that is, one medical, one nursing, and
one physiotherapy/occupational therapy. The
appointments should be grouped by patient
category to ensure efficient use of time in
dealing with issues relevant to that particular
group. The different role of each session will
be described below. It is, however, useful at
this stage to consider the process of pulmonary
rehabilitation as in some ways analogous
to modern management of diabetes where
outpatient services divide assessment and
management between doctor, nurse and para-
medical staff under overall medical super-
vision. Similarly, not every patient needs to be
processed through every aspect of pulmonary
rehabilitation providing that the referral pro-
cess has included an accurate assessment of
needs.

Medical assessment
Apart from the initial and final medical visits,
each patient will require an assessment after
six weeks on the programme to record clinical
progress and to decide whether he/she remains
fit to continue. Progress reports from the phy-
siotherapist and nurse coordinator should be
available at this visit which can be short and
focused on pulmonary rehabilitation as routine
patient care remains primarily the respons-
ibility of the general practitioner. This clinic
also allows the nurse and/or physiotherapist
access for extra medical assessments if
required during pulmonary rehabilitation, in
addition to the routine visits.

Nursing assessment
Each patient completes the functional ques-
tionnaires at the first visit (before the nurse
appointment if a self-administered question-
naire is used) and the findings are discussed.
The patient's understanding of his/her illness
is then explored using guidelines given in table
2, and finally the programme's objectives are
outlined. Generic and disease-specific quality
of life questionnaires have been reviewed in
this series.4 All of our patients have a disease-
specific quality of life assessment combined
with a short validated questionnaire for
psychological function,5 and patients with
moderate to severe impairment also have an

assessment of activities of daily living.6 A
single page "self-efficacy" questionnaire' is
also helpful to determine whether the patient
feels able to comply with the programme. It is
then possible to set realistic targets for im-
provement in those areas identified as deficient
in the questionnaires by agreement between
the nurse and patient. This must be recorded
in brief on a patient proforma which also
contains pre-prepared information about his/
her illness and the programme content. The
topics discussed and the outcome of the inter-
view should also be recorded in a pulmonary
rehabilitation case sheet which is used for all
aspects of the programme.

Paramedical (physiotherapist/occupational
therapist) assessment
While many of the issues the physiotherapist
requires to discuss with the patient are covered
during evaluation, it is useful to include this
session in planning to arrange group meetings
and more detailed discussion where appropri-
ate. Important topics include basic principles
behind training, dealing with simple problems
which occur such as muscle discomfort after
exercise, planning increased activity and
methods of continuing involvement in exercise
on completion of the programme.
The occupational therapist's involvement in

a fixed weekly session is a valuable commit-
ment and the decision to arrange occupational
therapy assessment should be made if the
initial evaluation of the patient's illness sever-
ity and functional handicap by the programme
nurse using the activities of daily living ques-
tionnaire reveals a need for practical assistance
with activities of daily living. Occupational
therapy services may already have been pro-
vided by the general practitioner or be avail-
able from that source, in which case the results
of a single pulmonary rehabilitation assess-
ment can be communicated to the community
occupational therapist for implementation.

Additional support services
1. Clinical psychology: Liaison with the clin-
ical psychology services is helpful at the outset
to explain the programme objectives and to set
up a referral process so that patients found on
routine screening to have psychological prob-
lems can be seen and treated expeditiously as
part of the pulmonary rehabilitation pro-
gramme. Expert advice can also be obtained
regarding the interpretation of the psycholo-
gical questionnaire and indications for patient
referral for further assessment. Our policy
jointly agreed with clinical psychology is to use
the nurse screening process following set cri-
teria obtained from the questionnaire to deter-
mine referral requirements.
2. Dietetics: The dietetics department also
requires to be informed of the specific require-
ments of the programme and given written
information about the current role of nutri-
tional assessment in the management of
chronic obstructive pulmonary disease.89
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Setting up a pulmonary rehabilitation programme

FACILITIES REQUIRED FOR EVALUATION OF LUNG
AND EXERCISE FUNCTION
While specialist units in the UK have the full
range of lung and exercise testing facilities,
this paper concentrates on pulmonary rehabil-
itation within district general hospitals with
more basic lung function laboratories. Usual
facilities will range from dynamic spirometric
testing alone, to include measurement of lung
volumes and diffusing capacity (TLCO). Simple
spirometric testing is required for pulmonary
rehabilitation to provide some measurement of
disease severity which is unlikely to alter as a
consequence of pulmonary rehabilitation.'0
Whilst TLCO is a useful indicator of resting gas
exchange it is not essential, but measurements
of arterial blood gas tensions at rest and oxy-
gen saturation during exercise will be required
to determine oxygen requirements during pul-
monary rehabilitation. All patients should be
screened during exercise and not just those
considered to be "at risk" (resting hypox-
aemia, known history of desaturation, low
TLCO).
Where units do not have facilities for pro-

gressive incremental exercise testing incorpor-
ating gas exchange measurements, adequate
exercise evaluation for pulmonary rehabilita-
tion can be performed using "field" tests (six
and 12 minute walk tests, Shuttle test" 12) or
just a treadmill test using the Bruce protocol'3
to evaluate overall (whole body) exercise
capacity.

Since most pulmonary rehabilitation
programmes involve submaximal endurance
training, it is also helpful to measure endurance
time and work during submaximal exercise on a
treadmill before and after pulmonary rehabili-
tation.

Finally, for programmes concentrating on
individual muscle group training (condition-
ing and multigym), additional exercise testing
is performed in the gymnasium by the phy-
siotherapist. This consists of measuring the
effects of training on the endurance of specific
muscle exercise repetitions before and after
pulmonary rehabilitation.

Patients with known or suspected ischaemic
heart disease should be excluded from pul-
monary rehabilitation exercise programmes
as the additional risk of adverse events is
high. All patients should have a 12-lead ECG
performed during initial evaluation and
immediately after maximal exercise testing as a
medicolegal precaution to identify ischaemic
heart disease.

Exercise protocols
1. Walking tests: these field tests measure

maximal exercise tolerance (distance
walked). Provided that conditions are
standardised - for example, repeated in the
same corridor with the same supervisor -
they provide a convenient, valid method
of longitudinal assessment in individual
patients. Familiarisation with the test is
essential before the formal test.

2. Treadmill tests: the work rate increments in
the Bruce protocol are given in the figure. It
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Work rate increments in the Bruce protocol."3

allows for limited tolerance in patients with
ischaemic heart disease by reducing the
increments of work rate compared with
protocols for normal healthy individuals,
and is therefore suitable for patients with
lung disease. The graded work increments
are "enforced" and the test is more repro-
ducible than walk tests. After familiar-
isation a single test is usually reliable and
adequate before pulmonary rehabilitation.
Treadmill endurance time and work are

obtained from steady state exercise at a pre-
determined submaximal work rate. While pre-
vious estimation of maximal exercise on the
treadmill is useful in deciding the approximate
treadmill incline and speed required (usually
the increments which produce a heart rate of
70% of "symptom limited" maximum heart
rate), it is not essential. Familiarity with the
performance of endurance tests often allows a
"best guess" at the most appropriate incre-
ments to use for individual patients. However,
we use the "rule of 5's" assessment'4 to give an
indication of maximal tolerable work incre-
ments for exercise endurance in individual
patients and this has several advantages: (1) it
is simple to apply, requiring only a treadmill,
heart rate monitor, and evaluation of the
patients' symptoms; (2) it can be used to
measure endurance time - that is, if a tolerable
work rate is identified the assessment can be
continued to exhaustion; and (3) the informa-
tion can be used by the physiotherapist to
predict the impact of breathlessness during
performance of endurance training and to
decide on the best programme for the patient.
Measurement of endurance at the relatively
high work rates involved also ensures that
testing time is not too demanding - that is,
inordinately long. Prior familiarisation with
the treadmill is advisable because sustained
patient motivation is required with endurance
tests to ensure a valid end point.'5

Total endurance work (joules) performed is
given by the formula:'6

Power (watts) [0-536 x wt(kg) x 0 625 x
speed(kph) x 0 1635] x time in secs
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N.B. In this equation work is underestimated
because incline cannot be taken into account,
but this is not a problem as incline is
unchanged in evaluation of the patient's
endurance before and after pulmonary rehab-
ilitation.

All of these tests provide target end points
which can be used as indicators of improved
exercise tolerance, the magnitude of which will
vary between patients depending on a number
of factors including the extent of disability on
commencement, and the degree to which the
patient complies with the programme.

FACILITIES REQUIRED FOR EXERCISE

PROGRAMMES
There are two distinct modes of exercise pro-
gramme requiring separate facilities: (1) aerobic/
mobility training, and (2) multigym "weight"
training. Both can be supplemented by in-
struction to the patient to incorporate simple
walking into their daily routine. This requires
planning - that is, tolerable distances and
areas to walk need to be identified by the
patient and a log kept of progress in order to
document fully the exercise being undertaken
during pulmonary rehabilitation.
Although programmes for aerobic/mobility

training may vary, they require adequate floor
space and heating as provided in a typical
indoor gymnasium. Unlike aerobics classes
in healthy adults, however, the instructor not
only supervises the group but also monitors
each individual patient. The size of group at
any session is therefore limited to 8-10
patients, and the overall gym area need not be
large (225 square metres is adequate).
Multigym training uses specialised equip-

ment to provide a "circuit" of exercises for
individual muscle groups. A separate exercise
area is essential and again this need not be
large as there are the same constraints on

patient numbers as already described. Each
item of equipment may stand alone, but a

combined multiuser apparatus containing up
to eight items with one or two extra stand alone
items to complete the requirements provides

for efficient use of limited space. Table 3 lists
the range of equipment items which we have
incorporated in the multigym, together with
the muscle groups they are designed to con-
dition. A similar approach has recently
improved endurance in patients with COPD.'5
N.B. Cardiopulmonary resuscitation facilities
with staff training are essential for all exercise
programmes.

Implementing exercise rehabilitation
programmes
Training benefits are usually seen by six
weeks' 16 and this may suffice if a high patient
throughput is essential, but in our experience a

12 week programme is preferable. The longer
time often provides a depth of experience about
the relationship between exercise and the indi-
vidual's disease which can be of permanent
benefit after the programme has finished.

Endurance training for patients with mild
chronic obstructive pulmonary disease
For endurance training to achieve measureable
improvements in fitness the following vari-
ables need to be controlled: (1) frequency of
exercise should be a minimum of three times
weekly; (2) duration per session should be a

minimum of 20 minutes; (3) exercise intensity
per session should be not less than two thirds
maximum work rate achievable if the patient had
no lung disease; and (4) a programme timescale
not less than six weeks should be used." 16 This
is a group programme conducted in two ses-

sions weekly in the hospital gymnasium sup-

plemented by an unsupervised home session.
Patients can join and leave the programme on
an ad hoc basis because within a set session the
patient performs his/her own exercise pre-

scription. At the first session an exercise pro-

gramme suitable for sedentary individuals
commencing training for the first time is given,
and the target intensity is that producing a

heart rate of approximately 70% of predicted
maximum. Heart rate is variably increased
in some patients with chronic obstructive

Table 3 Multigym exercises designed to improve skeletal muscle strength and endurance

These exercises do not require to be performed in a set order. They must, however, be preceded by a five minute period of warm up exercises prescribed by the
physiotherapist. Weight ranges are given for each item of equipment.

1. Supine bench press: Exercises the chest, front of shoulders, and rear upper arm. Position: the patient lies with shoulders below the handlebar and presses
upwards until elbows locked then returns to resting position. Ten repetitions continuously over approximately 20 seconds. The breathing pattern should
coincide with repetitions. Rest between sets until Borg score is less than 3. Weight range 12-74 kg with 2 kg increments to 22 kg, 4 kg increments thereafter.

2. Power squat: Exercises the buttocks, thighs and low back. Position: the patient stands facing the weights, squats down beneath shoulder pads and grasps bar.
Pushes up until knees lock straight then carefully returns to resting position. Repetitions, breathing pattern and rest periods as for exercise 1. Weight range
20-90 kg with 5 kg increments.

3. Calf raise: Exercises the ankle extensors. Position: at same equipment station as exercise 2, stand with shoulders beneath the pads and knees straight and
locked, feet flat. Lift heels raising weights until fully extended on tip of toes only. Repetitions as for exercise 1. Weight range 20-90 kg with 5 kg increments.

4. Latissimus pull down: Exercises the large back muscles, upper chest and front upper arms. Position: stand facing weights, grasp overhead bar and pull down
to mid chest and return carefully to resting position. Repetitions as for exercise 1. Weight range 0-70 kg with 5 kg increments.

5. Upright rowing: Exercises the shoulder muscles and elbow flexors. Position: stand facing the low pulley, draw weight to thighs then lift handlebar from thighs
to shoulder height returning carefully to thighs. Repetitions as for exercise 1. Weight range 5-65 kg with increments of 2-5 kg to 15 kg then 5 kg increments.

6. Leg press: Exercises all lower limb muscles in co-ordinated fashion. Position: sitting with knees bent and feet on rotating foot plate, push till knees fully
extended leading with heels, not toes and return carefully to resting position. Repetitions as for exercise I but allow 30 seconds for each set. Weight range
32-208 kg with 11 kg increments.

7. Leg extension: Exercises the quadriceps. Position: sit with back to weights and feet hooked under lower pads. Extend at knees until fully locked and return
carefully to resting position. Repetitions etc as for exercise 6. Weight range 7-61 kg with 3 kg increments.

8. Leg curls: Exercises the hamstrings. Position: lie flat on bench face down with heels under padded roller. Curl legs till heels are directly above knees then
carefully return to resting position. Repetitions as for exercise 6. Weight range 7-61 kg with 3 kg increments.

Allow up to 30 minutes for completion of the programme inclusive of warm up, rest periods between sets and different stations plus warm down at end of
session.
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Setting up a pulmonary rehabilitation programme

pulmonary disease'7 and can only be used as an
approximate expression of work intensity. If
the patient is limited by breathlessness the
physiotherapist modifies the programme to
the maximal exercise intensity tolerable, and the
wrist heart rate monitor is then used to help
reproduce the same intensity in subsequent
sessions by controlling the frequency of exer-
cise repetitions, while the programme content is
standardised in all other respects. Though
breathlessness may require modification for
individual subjects, significant improvements in
exercise tolerance can still be achieved.'8 Patients
who complete the programme without modifica-
tion can be anticipated to improve exercise capa-
city (Vo2max) by the same amount as normal
sedentary subjects - that is, up to 30%.16

Multigym weight training for patients with
moderate disease
The principle involved in training specific
muscle groups is repetition of "isotonic" con-
tractions - that is, against a fixed weight,
usually 60-80% of the maximum weight toler-
ated by the patient in a single contraction
during preliminary testing by the physiother-
apist. 16 19 A set of 10 repetitions of each exercise
are performed three times with a rest period
between sets. Two circuit sessions per week
are required and provision of small mobile
weights allows a third session at home.

All patients complete a circuit of the same
exercises (table 3) with their own individual
prescription. The order of exercises is not
critical but must be preceded by a five minute
conditioning period of stretching exercises
designed to prevent muscle, tendon and liga-
ment injuries.
This type of training does not require heart

rate monitoring as the objective is not central
cardiovascular conditioning but rather im-
proving strength and endurance of individual
muscle groups. The key to a successful out-
come lies in the suitability of initial prescrip-
tion and then physiotherapist guidance, par-
ticularly regarding the speed of repetitions and
the length of rest periods between the stations.
The individual's response in terms of breath-
lessness is of paramount importance to the
physiotherapist. Each patient is taught to use
the Borg score for breathlessness (table 4) to
guide the intensity and number of repetitions
plus rest times. Before commencing each new
exercise the Borg score should have returned
to less than 3 - that is, adequate recovery time
is necessary to allow tolerance of the whole
range of circuit exercises.

Table 4 Borg score for measurement of breathlessness
(from ref 37 with permission)

0 Nothing at all
0-5 Very, very slight (just noticeable)
1 Very slight
2 Slight
3 Moderate
4 Somewhat severe
5 Severe
6
7 Very severe
8
9 Very, very severe (almost maximal)
10 Maximal

Mobility (conditioning) programme for
patients with severe disease
This group of patients will be unable to par-
ticipate in whole body endurance training or in
multigym weight training. The objective must
be to reduce the effects of major skeletal
muscle deconditioning and loss of function
due to enforced inactivity and poor nutritional
status. These patients often have difficulty
with the most basic of daily tasks such as rising
from bed, dressing, moving from room to
room, and washing themselves.
The programme is designed to gently re-

store locomotor function of individual joint
muscles, ligaments, and tendons by a series of
careful stretching exercises plus gentle repeti-
tions of muscle contraction and relaxation. By
exercising each muscle group in isolation and
unloaded, breathlessness is minimised as is
the risk of musculoskeletal injury. The pro-
gramme given in table 5 improves individual
muscle strength, endurance, and mobility.20
This contains a range of upper and lower limb
movements including simple modifications
such as "wall" press-ups and sitting stomach
muscle exercises to avoid undue breathlessness
due to posture - that is, lying flat. The main
attraction of such a programme is that it can be
performed at home once learned under careful
supervision. One physiotherapy session per
week should be allocated to instruction ofup to
10 patients and four weekly teaching sessions
should suffice for each patient followed by
home self-management of a daily 20 minute
session thereafter.

Patient selection for programmes
REFERRAL SOURCE
At the outset it is advisable to recruit for
pulmonary rehabilitation from the pool of
patients attending the routine chest clinic.
They will already have been assessed, invest-
igated and, hopefully, be receiving optimal
medical treatment. It is therefore easier to
concentrate on the remaining issues of
mobility and psychosocial function of direct
relevance to pulmonary rehabilitation. While
general practitioners may eventually wish to
have direct access for referral, the chest clinic
is initially an important filter guaranteeing
appropriate usage of the new facilities, particu-
larly until general practitioners develop the
necessary experience of the programme as
applied to their patients.

REFERRAL CRITERIA
All patients with chronic obstructive pulmon-
ary disease are potential candidates for rehab-
ilitation, either for entry to the complete pro-
gramme or just to specific aspects. There is
recent recognition that severe disease is not
the only criterion, provided that a range of
programme options is available to suit the
spectrum of illness severity. Therefore selec-
tion should be very carefully made on the basis
of (1) an identifiable problem for which the
programme can be expected to provide quanti-
fiable benefit; (2) a realistic attitude and under-
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Table S Circuit of conditioning exercises designed to improve patient's strength and mobility

1. Shoulder shrugging: Circling shoulder girdle forward, down, backwards and up. Keep timing constant allowing two full seconds per circle. Relaxation
encouraged throughout. Continue for 30 seconds. Repeat the exercise three times with short rest intervals between sets until Borg score is less than 3.

2. Full arm circling: One arm at a time, passing arm as near as possible to side of head, circle arm in as large circles as possible. (Allow 8-10 seconds per
complete circle). Repeat for 40 seconds continuously. Repeat the exercise three times with short rest intervals between. Repeat with other arm.

3. Increasing arm circles: Hold arm away from body at shoulder height. Progressively increase size of circle for a count of six circles in 10 seconds then decrease
for a further count of six. Repeat for 40 seconds. Repeat with other arm.

4. Abdominal exercise: Sitting in chair, tighten abdominal muscles, hold for a count of four and then release muscles over four seconds to starting position.
Repeat continuously for 30 seconds. Perform the procedure three times with short rest periods in between.

5. Wall press-ups: Stand with feet a full arm length distance from wall, place hands on wall and bend at elbow until nose touches the wall, push arms straight
again allowing eight seconds approximately from start to completion. Repeat for 40 seconds continuously to a total of five repetitions. Repeat procedure three
times with short rest periods in between.

6. Sitting to standing: Using dining room chair, sit, stand, sit allowing 8-10 seconds from start to completion. Repeat continuously for 40 seconds to a total of
five repetitions. Perform exercise three times with short rest intervals in between.

7. Quadriceps exercise: Sitting on chair straighten right knee, tense thigh muscle, hold for count of four, then relax gradually over a further four seconds to a
total of five repetitions over 40 seconds. Repeat the exercise three times with short rest periods in between. Repeat procedure with left leg.

8. Calf exercises: Holding on to back of chair, go up on to toes, return to floor taking 8-10 seconds to complete the procedure. Repeat continuously for 40
seconds.

9. Calf alternates/walking on the spot: Holding on to back of chair, allow one knee to bend, keeping toes on the ground. Bend other knee, whilst straightening
first knee and allow four seconds for complete procedure. Repeat this bending/straightening of knees, i.e. walking on the spot, keeping toes on the ground
continuously for 40 seconds to a total of 10 repetitions. Repeat the exercise three times with short rest periods in between.

10. Step-ups: Step up with right foot onto step then bring up left foot. Step down with right foot then left foot. Allow four seconds for the complete procedure
and repeat continuously for 40 seconds. Repeat the exercise three times with short rest periods in between.

standing on the patient's part of the require-
ments for a regular commitment during the
training period plus the likely benefits and
limitations of the programme, and (3) avail-
ability of places on the programme - that is, on
a "first come first serve" basis.
The types of programmes available allow a

preliminary streamlining of the selection pro-
cess. Using the principles outlined in the Am-
erican Thoracic Society guidelines for evalu-
ation of impairment secondary to respiratory
disease22 we use the following severity gradings
to group patients before exercise assessment.
Patients with mild chronic obstructive pul-
monary disease have values for FEV1, FVC,
and FEV1/FVC ratio >60% of the normal
predicted values, patients with moderate dis-
ease have values between 40% and 60% of
predicted values, and patients with severe dis-
ease have values < 40% predicted and/or TLCO
< 60% predicted. While the results of exercise
evaluation finally determine the choice of pro-
gramme, these broad categories are helpful in
the initial selection process. Patients with mild
disease may be considered for the aerobic
programme at the outset. Patients with moder-
ate disease are more likely to complete success-
fully the multigym programme and may then
be considered for aerobic training. Patients
with severe disease should be referred to the
conditioning programme and may then gradu-
ate to the multigym programme.

Programme evaluation (medical audit)
Every patient's progress should be carefully
documented and an overall assessment of the
success rate for each programme in achieving
these objectives for the three categories of
illness severity should be determined annually.
The psychosocial assessments such as the
quality of life questionnaires are useful in
practical terms - that is, individual patient
management - but one should not rely on a
single aggregate score to determine the success
or failure of the programme for the patient.
Individual problems may respond successfully
to the programme while the total score is
unchanged, and these problems should have

been identified as targets in the pulmonary
assessment.

Finally, it is also worth considering rather
more ambitious targets at the outset such as a
reduction in hospital inpatient requirements (a
significant financial incentive to the administra-
tion) and demands on general practitioner ser-
vices. Similar programmes in which a patient's
progress in the year before pulmonary rehabili-
tation has been compared with the year after
and also with subsequent years have successfully
achieved these aims in the USA, suggesting
that improvements can be maintained in some
patients.2324 The programme should be viewed
primarily as an aid to patient management of
his/her illness within the community rather
than in hospital.

Continuing care after programme
completion
Patients should be reviewed at the pulmonary
rehabilitation medical assessment clinic six
monthly for two years after programme com-
pletion. The objectives are to review progress
in achieving targets decided on completion of
pulmonary rehabilitation and to provide
encouragement to continue. Participation in
pulmonary rehabilitation is usually a very pos-
itive experience because of improvements in
daily functioning and self-confidence, and also
because of the companionship offered. The
challenge is therefore to find a suitable substi-
tute. Self-help groups of programme "gradu-
ates" are extremely useful and the programme
director should be affiliated to the group to
encourage its development. The following are
suggestions to help the process forward: (1) the
hospital may be able to provide a regular
meeting venue - for example, we use the
postgraduate centre; (2) patients should be
encouraged to use local authority leisure and
fitness centre facilities to continue the pro-
gramme and to participate in activities such as
swimming or bowling. Liaison of the pro-
gramme physiotherapist with the centre's
staff is helpful (these centres may require
confirmation that medicolegal responsibility
remains with the patient, not the leisure
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Setting up a pulmonary rehabilitation programme

centre, and also that supervision will not be
required); (3) walking in groups is a simple
social way of participating in exercise. Our
programme has identified several alternative
routes adjacent to the hosptial with target
distances to walk. Patients can also find con-
venient areas in town centres to walk and then
meet socially; (4) local authorities or voluntary
organisations may have a service which can
transport patients to meeting points if ade-
quate notice is given.

Consideration of special patient groups
PATIENTS REQUIRING OXYGEN THERAPY
In the UK long term oxygen therapy prescrip-
tion is covered by existing routine clinical
services. The important issue is to determine
the patients' requirements for oxygen supple-
mentation during pulmonary rehabilitation
exercise programmes. The following steps are
necessary: (1) initial documentation of desat-
uration during exercise (this should be deter-
mined at the initial evaluation in the laboratory
or field tests); (2) oxygen supplementation for
these patients during the exercise programmes
on the rationale that the potential for cardiac
arrhythmias may be reduced and that exercise
may be better tolerated.25 The conditioning
programme for severely disabled patients is
the most appropriate choice for these patients
at the outset. While desaturation may not be
provoked by this programme on a single occa-
sion, oxygen should be routinely administered
as a precaution. A major component, however,
is conditioning at home. In the UK patients do
not have access to portable oxygen by NHS
prescription and it will be necessary to provide
a renewable oxygen cylinder purely for use
during the home unsupervised daily sessions
where portable oxygen is not feasible on cost
grounds. Prescription of oxygen for exercise
outwith the rehabilitation programme - for
example, to allow greater mobility during
activities outside the home - remains an un-
resolved problem while there remains a lack of
guidelines within the UK.

PATIENTS WITH ILLNESSES OTHER THAN
CHRONIC OBSTRUCTIVE PULMONARY DISEASE
Asthma
Pulmonary rehabilitation has largely been con-
fined to patients with chronic obstructive pul-
monary disease, but there is now a recognition
that other patient groups may benefit. The
principle of asthma rehabilition has been
discussed in an editorial in this journal,'4
and programmes for exercise rehabilitation
in asthma have recently been extensively
reviewed.26 The issues of drug therapy, educa-
tion, and compliance are covered by the recent
international consensus guidelines as funda-
mental requirements of routine clinical provi-
sion, and the application of pulmonary rehab-
ilitation to asthma largely refers to exercise
provision. The principles are the same as those
described in this article with some additional
considerations. The nature of the illness is
different from chronic obstructive pulmonary

disease, usually affecting younger patients
with different expectations. Separation of
training sessions is therefore advisable to allow
clear and separate goals to be pursued by each
group. Patients with mild asthma provide the
largest number of subjects and can greatly
benefit both by improving cardiorespiratory
fitness27 and by overcoming the fear and in-
hibition of exercise which is very common.2"'0
Patients with moderate to severe chronic
asthma - that is, with continuing symptoms
despite optimal treatment - can also be sub-
jected to the same process of exercise evalu-
ation and training already described for
chronic obstructive pulmonary disease. The
conditioning programme is a suitable intro-
duction to exercise for steroid dependent asth-
matic patients who may then graduate to the
other programmes after further assessment.
Steroid-induced osteoporosis is not a contra-
indication to exercise which has been shown to
be beneficial in slowing progression of the
disease.3'

Interstitial lung disease, cysticfibrosis and lung
transplant patients
Some experience of pulmonary rehabilitation
of these patient groups has been published.32-34
Aspects such as education, psychosocial coun-
selling, nutritional assessment, and drug and
oxygen requirements are inherent parts of
optimal management in these conditions. The
objective of exercise programmes is to improve
mobility. The principles outlined in this article
apply to lung disease in general and are useful
guidelines for specialist units considering
commencing exercise programmes for these
groups of patients.

Finally, it should be evident that enthus-
iasm, clear objectives at the outset, and
communication particularly with primary
care (general practice) are fundamental pre-
requisites for the successful introduction of a
pulmonary rehabilitation programme.

I am greatly indebted to my colleagues in the Department of
Respiratory Medicine and, in particular, to Mrs Elaine Mackay
who is currently implementing the pulmonary rehabilitation
programmes discussed in this paper.
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