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ily members or other caregivers should be 
trained in the use of these modalities by quali­
fied practitioners, usually respiratory ther­
apists and respiratory therapy technicians un­
der the aegis of a medical director who has 
been trained in the care of acute and chronic 
pulmonary diseases (1, 2). This section will 
cover the indications and guidelines for the 
use of incentive spirometry, intermittent posi­
tive pressure breathing (IPPB), intermittent 
continuous positive airway pressure (CPAP), 
bland aerosol and humidity therapy, medi­
cated aerosol therapy, chest physiotherapy (in­
cluding po.stural drainage), chest percussion 
and vibration, and breathing exercises. Oxy­
gen therapy is discussed in Chapter 4. These 
modalities may be administered separately or 
concomitantly. 

II. Measures for lung expansion 
Incentive spirometry is a technique to en­
courage a patient to take a sustained, deep 
breath, utilizing a measuring device for di­
rect visual fcedback. It is indicated as an aid 
to facilitate lung expansion in hospitalized pa­
tients both to prevent and to treat pulmonary 
atelectasis. It may be particularly useful be­
fore and after major surgical procedures as 
part of a regimen to help prevent postopera­
tive atelectasis and other respiratory compli­
cations (3,4). The deep breathing maneuvers 
may also stimulate patients to cough and 
thereby aid in the removal ofabnormal bron­
dual secretions. 

The frequency of use usually depends upon 
the clinical condition of the patient. In the 
initial treatment ofpulmonary atelectasis, in­
centive spirometry may be used hourly, at least 
during the waking hours. With improvement 
of ateleetasis or with prophylactic use of in­
centive spirometry, the frequency of therapy 
may be less. It is critical that patients receive 
instruction in the proper use of incentive 
spirometry from individuals trained in respi­
ratory care, with the emphasis on sustained 
maximum inhalation for 5 to 6 s, and 5 to 
10 sequential deep breaths (6). Subsequent 
use of the incentive spirometer may be super­
vised by nursing personnel, but it is reason­
able to provide periodic follow-up assessment 
by respiratory care personnel to assure that 
incentive spirometry is being properly ad­
ministered and utilized. 

Although chronic use of lung expansion 
maneuvers in the home or at other commu­
nity living sites may be indicated in persons 
with severe restrictive puhnonary dysfunction, 
there is no evidence that this form of therapy 
is useful in patients with obstructive airways 
diseases. Breathing exercises with a simple in­
spiratory resistance device or with an incen­
tive spirometer may be of value as a means 
to increase inspiratory muscle strength and 
endurance (6), but studies of long-term ben­
efit are still lacking. 

The use of the [PPB in patients with COPD 
is controversial. There is no evidence that it 
is helpfuf or desirable for home use (7). Pos­
sible selected indications for IPPB in the bos­
pital may include the fOliv.vi ng (8): 

(I) The management of atelectasis that has 
not improved with voluntary deep breathing 
or incentive spirometry, when it can be doc­
umented that the inspiratory capacity is in­
creased by at least 25070 using IPPB (9). In 
these patients, IPPB should be administered 
by a volume-oriented technique. IPPB can­
not be recommended as a routine prophylac­
tic technique to prevent atelectasis. 

(2) As a measure to provide frequent peri­
odic deep breathing for a patient with acute 
ventilatory failure in an attempt to avoid in­
tubation or reintubation. [n such circum­
stances, IPPB is a temporizing procedure and 
not meant to normalize arterial blood gases, 
allowing the patient time to improve 'by vir­
tue of correction of reversible factors that have 
precipitated the acute ventilatory failure. 

(3) For the delivery of aerosol medications, 
primarily bronchodilators, in pateints who are 
unable to breathe slowly and deeply because 
of acute respiratory distress. It is doubtful, 
however, that IPPB is more effective ill the 
delivery of nebulized bronchodilators or in 
causing bronchodilatation than is a nebulizer 
operated by a constant pressure compressed 
gas source. 

Continuous positive airway pressure 
(CPAP) by mask has been used in the past 
for treatment of pulmonary edema. Recently, 
the use of intermittent CPAP by mask has 
been investigated in the management of pul­
monary atelectasis (10, 11). This modality re­
quires further study in patients with COPD 
before specific recommendations for its use 
can be made. In particular, the possible det­
rimental effects of further hyperinflation 
on cardiac function and respiratory muscle 
efficiency must be evaluated. The use of in­
termittent mask CPAP would appear to have 
no place in the management of respiratory 
failure associated with obstructive airways 
diseases. 

III. Bland Aerosols and Humidity Therapy 
The use of bland aerosols and humidity ther­
apy in patients with obstructive airways dis­
ease centers primarily on humidification of 
the inspired gas being delivered through an 
artificial airway (endotracheal tube or tra­
cheostomy). Any patient with obstructive air­
ways diseases and respiratory failure who 
requires hospitalization and who has an ar­
tificial airway, either with or without mechan­
ical ventilation, should be provided with a 
heated and humidified gas source during the 
period of tracheal intubation. In patients with 
chronic obstructive airways diseases who have 
permanent tracheostomies, the need and 
method for continued humidification of the 
inspired gas after discharge must be individ­
ually assessed. Further studies are needed to 
determine if adequate long-term hUlllidifica­
tion using a moisture-exchange device ("ar­
tificial nose") connected directly to the air­
way opening can be efficacious. 

Bland aerosols, utilizing either water or sa­
line, have not been shown to aid in the clear­
ance of abnonnal secretions. They neither thin 
secretions nor enhance bronchial clearing and 

may precipitate bronchospasm (12, 13). Room 
humidifiers should be discouraged because of 
their ineffectiveness in providing increased hu­
midity for the patient and because of their 
high rate of bacterial and fungal contamina­
tion. Hypertoni~ saline delivered by ultrasonic 
nebulization may be used for short periods 
of time to induce sputum for diagnostic 
studies, although there is no evidence it is su­
perior to coached coughing. 

IV. Medicated Aerosol Therapy 
It is well established and generally agreed that 
bronchodilator drugs, administered to pa­
tients who demonstrate symptomatic or ob­
jectively measured improvement, are useful 
both in the hospital and in the home. Advan­
tages of aerosol versus oral bronchodilator 
delivery include: more rapid, predictable on­
set of therapeutic effect, smaller quantity of 
active agent required for given degree of ob­
jective response, generally greater attainable 
response at tolerated doses, and fewer systemic 
side effects. 

Bronchodilators may be given as aerosols 
via a metered-dose innaler (MDl), with or 
without a variety of spacer devices (tube, col­
lapsible bag, cone or pear-shaped) introduced 
to improve the efficiency of delivery of the 
bronchodilator agents (14, 15) in patients who 
are unable to use a MDi properly (16, 17). 
Alternatively, they may be administered with 
a nebulizer powered by compressed gas or by 
a small electrical air compressor. Patient in­
struction in the proper technique of using a 
nebulizer or an MDI with or without a spacer 
is essential. This may be done by respiratory 
care personnel, a specially trained nurse, or 
by a knowledgeable physician. 

In the hospital, aerosolized bronchodila­
tors are usually delivered by nebulizers, al­
though recent studies have demonstrated that, 
in patients not severely .ill, the effects of 
metaproterenol administered by MDI plus 
spacer were the same as metaproterenol ad­
ministered by a nebulizer (18, 19). Adminis­
tration of the aerosol bronchodilators by 
either MDI or nebulizer should be performed 
by respiratory care personnel or other trained 
hospital personnel for patients who are acutely 
ill, confused, or feeble. In the stable patient 
who has demonstrated proficiency in using 
an MDI, with or without a spacer, little su­
pervision may be required. 

The frequency of administration of aero­
solized bronchodilators will depend upon the 
severity of the illness but may be required as 
often as every hour in those patients with 
acute severe asthma (20). As the patient 
improves, the frequency of administration 
should be dictated by the duration of action 
of the drug administ~red (see PHAR!4ACOIDOIC 
"IBERAPY, Chapler 3). In the patient with ob­
structive airways disease who requires surgery, 
particularIy of the thorax or upper abdomen, 
aerosolized bronchodilator agents should be 
started preoperatively and continued in the 
postoperative period, in order to reduce post­
operative pulmonary complications (21,22). 

Outside the hospital, aerosolized bron­
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chodilators are usually delivered with a 
metered-dose inhaler with or without a spacer. 
When inhaled corticosteroids are required, the 
use of spacer devices with a MOl results in 
a substantially lower incidence of thr\lsh, and 
fewer problems with dysphonia, than when 
the MOl alone is used (14). 

Some outpatients, particularly those who 
are unable to use an MDI, derive benefit from 
aerosolized bronchodilator agents delivered 
by a nebulizer. If the nebulizer is used on a 
daily basis, it may need to be powered by an 
air compressor since hand-bulb nebulizers 
may be difficult to coordinate with inhala­
tion. These devices are portable. Patients using 
a nebulizer in the home should be instructed 
by trained personnel in the proper use and 
cleaning of the equipment. Periodic servic­
ing and inspection of home nebulizer equip­
ment may be necessary .for some patients. 

V. Chest Physical Therapy 
Chest physical therapy (or chest physiother­
apy) encompasses the use of postural drain­
age, chest percussion and vibration admin­
istered by hand or by mechanical percussion, 
as well as cough and deep breathing. The ra­
tionale for this therapy in the treatment of 
patients with obstructive airways diseases is 
the belief that gravity and applied external 
force to the chest wall will facilitate mobili ­
zation and clearance of secretions from the 
airways, leading to an improvement in pul­
monaT)' function. In order for chest phys­
iotherapy to be effective in the home or hos­
pital, the patients must have excessive secre­
tions (30 ee/day or greater) that are difficult 
to expectorate (23-27). 

In the hospital setting, chest physiother­
apy is indicated in those patients who have 
great difficulty raising secretions and in those 
patients who develop atelectasis either post­
operatively (28) or under other circumstances 
(29, 30). Fiberoptic bronchoscopy can be ef­
fective in acute lobar atelectasis, but is no more 
effective than vigorous chest physiotherapy 
given by experienced personnel (27). Chest 
physiotherapy may be effective in acutely ill 
patients with obstructive lung diseases who 
expectorate large sputum volumes (30, 31) 
even if they require mechanical ventilation (30, 
32). Use of chest physiotherapy has not been 
shown to be effective in acute exacerbations 
of chronic bronchitis (33-35), in patients with 
scant secretions receiving mechanical venti­
lation (31), in patients with status asthmati­
cus (26), or in patients who have pneumonia 
(36). 

Chest physiotherapy is indicated either in 
the hospital or at home in stable patients with 
bronchiectasis, cystic fibrosis, and chronic 
bronchitis who chronically produce large spu­
turn volumes (37-41).lt is not effective in pa­
tients with COPD who produce less than 30 
eelday (42). To facilitate bronchodilation and 
mucociliary clearance, chest physiotherapy 
should be delivered after the administration 
of an aerosolized bronchodilator (35). 

The frequency of administration of chest 
physiotherapy in patients who might benefit 
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from it has not been established. In patients 
with atelectasis and in others who have diffi­
cuity expectorating sputum, probably no more 
than 4 treatments per day are practical or 
tolerable. Patients with more stable condi­
tions, especially in the home setting, usually 
will require fewer treatments. 

In those patients who will benefit from the 
continuation of chest physiotherapy outside 
the hospital, the patient and family members 
should undergo a complete educational pro­
gram on the technique and goals of chest phys­
iotherapy in the home prior to discharge. 
'frained respiratory care personnel, nurses, or 
physical therapists usually provide this in­
struction. Family members can be taught to 
administer percussion and vibration. The 
number of teaching sessions required before 
the patient and family members are compe­
tent will depend upon their ability to grasp 
the concepts and apply them during therapy. 
Usually several sessions will be required. 

VI. Breathing Exercises 
Breathing exercises encourage patients to in­
spire slowly and to expire through pursed lips 
(25,26). Simultaneous relaxation of the neck 
and upper thoracic musculature should be en­
couraged (26). Breathing exercises may be ef­
fective in increasing the patient's tidal volume, 
decreasing the respiratory rate, and lowering 
the FRC (43, 44), thereby improving the effi­
ciency ofgas exchange and reducing the work 
of breathing. 

In the acutely ill patient, the use of breath­
ing exercises may be helpful in aborting hyper­
ventilation episodes precipitated by panic or 
anxiety, provided the patient is familiar with 
the technique. Even if the patient is untrained, 
coaching by respiratory care personnel or 
other trained professionals to inhale slowly 
and exhale through pursed lips is helpful. 

Patients with stable obstructive airways dis­
eases may benefit from breathing exercises, 
both physiologically and symptomatically 
(43-46). They are most effective over short­
term use, since long-term studies show no im­
provement in pulmonary flows (45, 47). 
Breathing exercises are effective in helping the 
patients overcome attacks of hyperventilation 
precipitated by fear and anxiety and may be 
useful to combat the urge to hyperventilate 
after mild exercise. 
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CHAPTER 6 

Physical Rehabilitation and Home Care 

I. Introduction 
The most common and distressing symptom 
in patients with COPD is dyspnea resulting 
in limitation of activity. The objectives ofpul­
monary rehabilitation are to control and al­
leviate symptoms and pathophysiologic com­
plications and to achieve optimal ability to 
carry out activities of daily living. The broad 
concepts and elements ofpulmonary rehabili­
tation have been reviewed in a previous Al'S 
statement (1). Most pulmonary rehabilitation 
programs include either encouragement for 
patient activity or a regular exercise component. 
Although there is general agreement that pa­
tients benefit from pulmonary rehabilitation 
programs, the specific contribution of cxer­
cisc to the improvement is not well defined. 

Limitation of exercise in patients with 
COPD is related to multiple factors includ­
ing: abnormal pulmonary mechanics, impair­
ment in pulmonary gas exchange, an abnor­
mal perception of breathlessness and ventila­
tory control, the presence of impaired cardiac 
performance due to cor pulmonale, poor nu­
tritional status, and the development of respi­
ratory muscle fatigue (2). 

Determination of the exact number of fac­
tors involved and their relative importance in 
an individual patient with COPD is difficult 
and often impossible. The inability to ac­
curately characterize the exercise-limiting fac­
tors in individual patients has led lo confu­
sion and controversy in assessing the effec­
tiveness of various forms of therapy designed 
to improve exercise performance. 

Several physical rehabilitation techniques 
are utilized to increase the d'yspnea-limited 
level of activity or to decrease the degree of 
dyspnea associated with the same level of ac­
tivity. The methods utilized include exercise 
reconditioning. inspiratory muscle training. 
breathing retraining, and energy conservation 
techniques. 

III. Patient Selection 
PhysicaJI rehabilitation should not be consid­
ered in the COPD patient until optimal med­
ical control of the disease has been achieved. 
Motivation is the most ,important factor in 
the selection of patients for physical rehabili­
tation. In younger patients with less than ad­
vanced disease, preservation of body weight 
a.p.d muscle mass and minimal disease in other 
organ systems are more likely to persist with 
and benefit from physical rehabilitation. It 
is important that patients be realistically ap­
prised of the effort and time involved and the 
limited benefits to be expected from physical 
rehabilitation before embarking on an exten­
sive program. 

Screening should include spirometry, ar­

terial blood gases, and exercise evaluation. 
A standard 6- or 12-min walk, cycle or tread­
mill testing can be used; the ventilatory limit 
to exercise can be estimated from the FEY,. 
The presence of exercise arterial desaturation 
should be evaluated by exercise oximetry or 
exercise blood gases since patients with, exer­
cise desaturation should receive oxygen dur­
ing exercise if it increases exercise capacity 
(see 0, therapy). On the basis of these data, 
a prescription for the tolerable level of exer­
cise can be formulated. The type(s) of physi­
cal rehabilitation program andl adjunctive 
therapy must be individualized to each pa­
tient. For some patients, there may be some 
psychosocial and motivational advantages to 
group programs. The program should be ini­
tiated under medical supervision. Periodic as­
sessment of the benefits or side effects of the 
program is required. Improved general fitness 
frequently results in improved exercise toler­
ance. In general, physical activity should be 
encouraged for patients with COPD. Wllether 
additional benefit is derived from formal ex­
ercise programs is uncertain and unproved. 

III. Comments of Rehabilitation 
A. Exercise Reconditioning 
Exercise training to improve performance in 
COPD patients, using methods similar to 
those used to improve athletic performance, 
was suggested in 1951 (3) and demonstrated 
to be effective in 1964 (4). A recent review 
of the numerous studies of exercise recondi­
tioning in COPD summarizes the potential 
benefits (table 1) (5). 

The type of exercise (stair climbing, walk­
ing, treadmill or bicycle ergometer) appears 
to be unimportant and is best determined by 
patient preference and cost. Although the in­
tensity of exercise is usually determined by 
patient tolerance, the minimal duration and 
frequency required to improve performance 
appears to be 20 to 30 min, 3 to 5 times per 
wk. Leg exercise is usually better tolerated 
than arm exercise. Due to ventilatory limita­
tion, the level of exercise tolerated by most 
patients will not increase cardiovascular fit­
ness. Many patients are not suitable candi­
dates for exercise training because of far­
'advanced lung disease, advanced age, lack of 
motivation. and associated diseases. The ef­
fects of exercise conditioning disappear rap­
idly with cessation of exercise. 

B. Inspiratory Muscle 1hJining 
Measures to specifically increase the strength 
and endurance of respiratory muscles have 
received recent attention as a potential part 
of a physical rehabilitation program for pa­
tients with COPD (6-9). The efficacy of this 
therapy is unproved and its role is unknown 
at present. 

The physiologic basis for the improved per­
formance associated with either exercise 
reconditioning or inspiratory muscle training 
is not fully understood. Major factors in­
volved appear to be improved aerobic capac­
ity. increased. motivation. desensitization to 
the sensation of dyspnea, improved muscle 
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