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PULMONARY REHABILITATION
Introduction
Pulmonary rehabilitation is an essential component of
care for patients with chronic lung disease. It helps to
control and alleviate symptoms, optimize functional capacity, and reduce the use of health-care resources for such
patients. The first controlled trials of pulmonary rehabilitation were done in the 1970s, yet skepticism remained
throughout the next 2 decades regarding the effectiveness
of this therapy. The 1990s brought increasing acceptance,
and pulmonary rehabilitation can now be viewed as a standard of care for patients with chronic lung disease.1,2 Evidence-based clinical practice guidelines have been developed to assist the practitioner about decisions regarding
the use of pulmonary rehabilitation.3
The respiratory therapist (RT) plays a vital role in patient evaluation, program development, and patient care
with regards to pulmonary rehabilitation. This review will
focus on the rationale behind pulmonary rehabilitation,
patient assessment, components of care, and outcome measurements, with particular regard to the role of the RT in
providing this type of care.
Definition
Pulmonary rehabilitation is defined as:
an evidence-based, multidisciplinary, and comprehensive intervention for patients with chronic respiratory diseases who are symptomatic and often have
decreased daily life activities. Integrated into the
individualized treatment of the patient, pulmonary
rehabilitation is designed to reduce symptoms, optimize functional status, increase participation, and
reduce health-care costs through stabilizing or reversing systemic manifestations of the disease.1

That definition focuses on 3 main components: multidisciplinary, individualized, and attentive to psychological
and social function. Pulmonary rehabilitation uses a multidisciplinary approach, with utilization of expertise from
various health-care disciplines, in particular respiratory
therapy. The program is individualized, with assessment of
the individual’s needs followed by designing a program to
meet the individual’s goals. Finally, the program pays attention to physical and social function through attempts to
improve lung function and exercise tolerance.
Pulmonary rehabilitation should be provided as a component of the overall long-term care of a patient with
symptomatic lung disease. The program includes education, exercise training, psychosocial intervention and support, and nutritional intervention. Most programs are
6 –12 weeks duration and are conducted in an out-patient
setting. The sessions are usually held 3 days per week for
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Table 1.

Components of Comprehensive Pulmonary Rehabilitation

Patient assessment
Education
Exercise training
Psychosocial and behavioral support
Nutritional support
Outcome assessment

2– 4 hours each. All programs promote lifetime changes to
adapt the patient’s behavior to their disease process.4
Rationale
Patients with chronic obstructive pulmonary disease
(COPD) develop airflow limitation that results in air trapping. They then develop an increase in shortness of breath,
which is then followed by a decrease in activity level. In
addition, the systemic effects associated with COPD contribute to peripheral muscle weakness.5 These factors contribute to deconditioning. Eventually the patient becomes
disabled.
Pulmonary rehabilitation has no direct effect on airflow
limitation or diffusing capacity. Various mechanisms for
the improvement noted following pulmonary rehabilitation are now being uncovered. These improvements include reduction in lactate production and ventilation at a
given work load, improvement in peripheral muscle dysfunction, and reduction in dynamic hyperinflation during
exercise.6,7 Exercise has also been shown to improve peripheral muscle dysfunction and—along with bronchodilator therapy, oxygen therapy, and breathing retraining—
has been shown to decrease dynamic hyperinflation. These
improvements result in a reduced respiratory rate during
exercise and reduced “load” to the respiratory system. The
patient has reduced dyspnea and has generalized improvement in exercise capacity.
Components of Pulmonary Rehabilitation
The goals of pulmonary rehabilitation are to alleviate
symptoms, restore functional capacities, reduce handicap,
and enhance overall quality of life. This is done through
the comprehensive program provided by members of an
integrated care team. The team members include physicians, RTs, nurses, physical therapists, occupational therapists, psychiatrists and psychologists, nutritionists, vocal
rehabilitation therapists, and social workers. The program
consists of various components (Table 1).
Patient Assessment
Patients with chronic lung disease who are symptomatic
are candidates for pulmonary rehabilitation. RTs are well
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positioned to identify such candidates, since they interact
with patients in both in-patient and out-patient settings (eg,
pulmonary function laboratory, office setting, hospital, and
community-based educational program) and can easily
identify patients who might benefit from the therapy.
Appropriate candidates include those patients with
chronic lung disease who are symptomatic. The candidate
should be motivated and willing to comply with the therapy. Some patients are not candidates for therapy and
would include those who lack motivation for participation,
have cognitive or psychiatric illness, have an unstable comorbidity (eg, congestive heart failure, angina, diabetes),
or are unable to exercise (eg, orthopedic injury). Knowledge regarding the appropriate candidates for therapy, as
well as the components of the program, will help the RTs
answer patient questions as they arise.
Education/Collaborative Self-Management Strategies
Education represents a very important component of the
rehabilitation process. Education regarding the individual’s condition is vital to help the patient gain insight into
the disease process as well to promote a healthy lifestyle,
given the limitations that may exist. Education also includes appropriate use of medication(s), breathing retraining and energy-conservation techniques, early recognition
and treatment of exacerbations, and adherence to therapy.
Determination of the educational needs of an individual
patient is important. Deficits in the patient’s knowledge,
understanding, and management of the disease process
have been studied using focus-group meetings.8 Patients in
that study preferred knowledge in 6 areas: disease education, management of breathlessness, management of an
exacerbation, medication, psychosocial support, and welfare and benefits systems. The patients preferred to have
group informational sessions provided by knowledgeable
personnel speaking in layman’s terms. They also preferred
oral presentations supplemented by written information.
Various types of questionnaires have been developed to
help assess the patient’s educational needs. The Lung Information Needs Questionnaire (LINQ) assesses the patient’s needs for education.9 The questionnaire evaluates 6
domains, including disease knowledge, medicine, selfmanagement, smoking, exercise, and diet. This appears to
be a practical tool for detecting those areas where the
patient needs education. It has also been shown to be
sensitive to change after pulmonary rehabilitation. While
research studies are limited in regards to the effects of
education on patients undergoing rehabilitation, most experts feel that education is an essential component in the
rehabilitation process. The RT can provide a great deal of
input into these educational sessions.
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Table 2.

Exercise-Training Protocol Program

Duration of each session
Frequency of sessions
Intensity of training
Type

30 min
3 per week (minimum)
60–70% of maximum symptomlimited capacity
Continuous or interval

Exercise Training
Exercise training is the essential component of pulmonary rehabilitation programs. Exercise training consists of
various types of training, including lower-extremity training, upper-extremity training, and strength training. Combinations of the various types of exercise training should
be used and individualized for each patient.
Lower-extremity training should be performed by all
individuals.2 It generally consists of treadmill walking or
stationary cycling. Most centers use treadmill walking,
given its ease of performance and the patient’s familiarity
with walking. Various types of lower-extremity training
can be used. Both high and low intensity training programs
have been shown to benefit patients with COPD.
Duration, frequency, and intensity of training should be
developed with each patient (Table 2). A patient with COPD
should undergo exercise training at as high a level of exercise as possible. Patients should undergo at least 20 –
30 min of exercise during each session and perform this at
least 3 times per week. The exercise should be started at an
intensity level of 60 –70% of the maximum symptom-limited capacity. Continuous exercise is often used, but in
some patients interval exercise is better tolerated.10 The
exercise duration should be increased first, and then the
intensity should be increased when the preset duration
goals have been met.
Upper-extremity training has been shown to increase
the arm work capacity and also to result in a decrease in
oxygen consumption at isowork levels following pulmonary rehabilitation.11,12 Strength training is also an important component of the exercise-training program. Strength
training, in addition to endurance training, has been shown
to increase muscle strength and mass and also to improve
performance of activities of daily living. It has also been
shown to increase exercise capacity.13,14 Strength training
can be done safely and should be added to endurance
training as part of a comprehensive rehabilitation program.
Both should be added (and not substituted) to lowerextremity training as part of each individual’s training
regimen.
Inspiratory muscle training can be used as an adjunct to
endurance and strength training. The rationale behind the
use of inspiratory muscle training is that patients with
COPD have weak respiratory muscles. This weakness re-
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sults in increased dyspnea and decreased exercise tolerance. By decreasing the inspiratory muscle weakness, the
level of dyspnea will decrease and exercise tolerance should
increase. The use of inspiratory muscle training (either
resistive, threshold, or normocapnic hyperventilation) has
been shown to increase inspiratory muscle strength and
endurance, improve exercise capacity, improve health-related quality of life, and decrease dyspnea in patients with
stable COPD.15 The clinical importance of these findings
is unclear, and further investigation into the clinically important improvements following inspiratory muscle training should be undertaken.
Psychosocial Support/Intervention
Nearly 50% of patients with moderate to severe COPD
have depression.16 Anxiety often accompanies COPD as
well. In addition, feelings of loneliness, anger, and fear are
often present. All of these characteristics help to promote
a very sedentary lifestyle and force the patient to withdraw
from the community in general. Educating and teaching
the patient stress-reduction techniques, addressing problems such as sexual intimacy and general relations with
family members, and promoting return of the patient into
the community are just a few of the techniques that are
used during rehabilitation to help overcome these characteristics. Pulmonary rehabilitation has been shown to improve depression and anxiety in patients with COPD.17
Nutritional/Pharmacologic Intervention
Many patients with COPD suffer from weight loss and
muscle wasting. Patients with COPD who are underweight
have a worse prognosis than those who are of normal
weight. Decrements in lean body mass have been shown to
occur even in patients with normal weight. Treatment for
those patients who are nutritionally depleted includes caloric support. For those patients who have a body mass
index less than 21 kg/m2, or when there is a voluntary
weight loss of greater than 10% over the last 6 months,
caloric supplements should be offered.18 Pharmacologic
supplementation (eg, anabolic steroids) has been shown to
increase fat-free body mass, but the effects on overall
exercise performance are still under study.19 Testosterone
supplementation was shown to have an additive effect on
strength improvements as a result of a strength-training
program.20 Strength training has also been shown to increase fat-free body mass, but, again, its effects on overall
exercise performance are questionable. There has been
very limited study of the effects of pulmonary rehabilitation per se on nutritional status for patients with COPD.
Research into these various types of nutritional and/or pharmacologic supplementation combined with pulmonary rehabilitation needs to be undertaken.
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Table 3.

Examples of Outcome Assessment Measures

Patient-centered outcomes
Dyspnea
Fatigue
Health-related quality of life
Performance evaluation
Exercise capacity
Education
Health-care resource utilization
Program outcomes
Patient attendance
Number of patients completing program
Patient satisfaction
Adherence to home exercise program

Outcomes Assessment
An important component of pulmonary rehabilitation is
the measurement of various types of outcomes. These measurements help to ensure that the patient and the program
are reaching the goals that have been developed (Table 3).
The use of patient-centered assessment tools is most important to measure. Dyspnea is the most common symptom of patients with chronic lung disease. Measurement of
dyspnea can be done using a variety of standardized measures (eg, Borg scale; Medical Research Council dyspnea
scale; baseline dyspnea index/transitional dyspnea index;
University of California, San Diego shortness of breath
questionnaire).21,22 Functional impairment is another measure and can be done with the use of the exercise capacity
that is attained during a timed walk test. Either a 6-min
walk test or shuttle walk test can be used as the modality
to determine the level of exercise that a particular patient
can perform.23,24 The BODE score (an index of body mass,
degree of airway obstruction, dyspnea, and exercise capacity) is another measure that can be used to monitor
outcomes throughout the rehabilitation program.25 All outcome measures should be made at the beginning of the
program, at various times during the program, and at the
end of the program.
Health-related quality of life is another important measure to assess during the rehabilitation program. Various
types of general health-related-quality-of-life measures (eg,
Medical Outcomes Study Short-Form 12-item or 36-item
questionnaire) and disease-specific health-related qualityof-life scales (eg, Chronic Respiratory Questionnaire,
St George’s Respiratory Questionnaire) are commonly used
by many programs.26,27 The recently improved and validated version of the St George’s Respiratory Questionnaire28 contains the best items from the original questionnaire, no longer specifies a recall period, and produces
scores equivalent to the original questionnaire. Measures
of activities of daily living (eg, London Activities of Daily
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Table 4.

Benefits Resulting from Pulmonary Rehabilitation

Reduction in dyspnea
Improvement in exercise capacity
Improvement in health-related quality of life
Reduction in health-care resource utilization
Reduction in depression and anxiety

Living scale) can be used to evaluate the effects of the
rehabilitation on performance of those activities that the
patient performs on a routine daily basis.29
Health-care resource utilization is an important outcome
of any type of chronic disease-management program. Managing the chronic disease should be reflected in a reduction in the use of health-care resources (eg, hospitalizations, emergency department visits, unscheduled physician
office visits, telephone calls to physician offices). This has
been shown to occur for patients with COPD who have
undergone a pulmonary rehabilitation program.30-32 In addition, some patients gain enough benefit from rehabilitation to be able to forgo more complex (and costly) procedures (eg, lung-volume-reduction surgery or lung
transplantation).
Measurement of several different outcomes should be
performed in all programs. This includes measures of patient-centered outcomes (eg, dyspnea, health-related quality of life, exercise capacity) as well as program outcomes.
The number of patients completing the program, the use of
health-care resources, and the morbidity (and mortality)
associated with the program are just a few of the programcentered outcomes that can be measured in addition to the
patient-centered outcomes. Through the use of outcome
assessments, ongoing improvements from both a patient
and program perspective can then be developed.
Benefits
There are many benefits that occur following pulmonary rehabilitation (Table 4). These range from a reduction
in dyspnea to an improvement in exercise tolerance to an
improvement in health-related quality of life. These benefits tend to decline after 6 –12 months following the formal program, with benefits in health-related quality of life
being better preserved than exercise performance. Overall,
however, the benefits can still be identified up to 2 years
after the rehabilitation program.33,34 Recently, it has been
shown that there is no worsening in exercise tolerance,
dyspnea, and health-related quality of life in patients with
COPD who have undergone repeated pulmonary rehabilitation programs over a course of 7 years.35
Duration of Program/Maintenance
The duration of the initial pulmonary rehabilitation program should be at least 8 weeks. Studies have shown that
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shorter-duration programs of 4 weeks (compared to
7 weeks) do not confer as great a benefit.36 Most studies
also suggest that short-term programs are not sufficient to
maintain the benefits beyond a 6 –12 month period. Various types of maintenance programs have been used and
are successful to maintain benefits beyond the initial formal pulmonary rehabilitation program.37 Supervision of
activities appears to be a key component in this maintenance phase.38 The use of self-help groups appears to be
particularly effective. The socially supportive environment
helps the adjustment process through encouragement of
adaptive behaviors and thoughts.
Candidates for Rehabilitation
(Diseases Other Than COPD)
Patients with diseases other than COPD can also benefit
from pulmonary rehabilitation. Regardless of the pathophysiology associated with the other lung diseases, physical deconditioning is present in many of these patients.
These patients can benefit from the education and exercise
training. Recent studies have shown benefit following pulmonary rehabilitation for patients with interstitial lung disease and pulmonary vascular disease.39-41 Individualization of therapy is important in these patients, given the
different pathophysiology that is associated with that particular disease process.
Adjunctive Therapies
Pharmacologic Therapy
Patients with symptomatic COPD are often treated with
bronchodilator therapy. Such therapy has been shown to
reduce dyspnea, improve quality of life, decrease exacerbation rate, and improve endurance time during constantwork-rate exercise. The combination of optimal bronchodilator therapy and pulmonary rehabilitation has been
shown to improve ventilatory mechanics and augment the
exercise-tolerance benefits, when compared with a control
group. This combination has also been shown to amplify
the effectiveness of pulmonary rehabilitation, as noted by
an increase in the patient self-report of participation in
physical activities.42,43
Oxygen Therapy
Oxygen therapy has been shown to improve survival in
patients with COPD who have hypoxemia.44-46 The use of
oxygen supplementation for those patients who have hypoxemia during sleep or exercise has been less well studied. Oxygen supplementation during exercise training has
been shown to improve exercise capacity in those patients
with COPD who were not hypoxemic during exercise.47
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Oxygen supplementation during exercise may allow these
patients to train at a higher intensity during pulmonary
rehabilitation and improve the overall exercise training.
The long-term benefits when using oxygen in this setting
have yet to be determined, however.
One often under-recognized aspect of oxygen therapy
involves the delivery of the gas itself. Like other medications, oxygen should be prescribed in an appropriate amount
to allow for adequate oxygenation at all activity levels and
monitored continually for effectiveness and ongoing benefit. If an inappropriate amount of oxygen is delivered, the
patient will not be able to ambulate as much as possible
and ultimately will become more sedentary.
The types of oxygen-delivery systems currently available (eg, continuous, demand) have different characteristics of gas delivery, and the RT must be knowledgeable
about these differences. This will allow the therapist to
determine the correct “dose” (or flow rate or bolus size) of
oxygen. In many instances the initial oxygen flow rate is
determined by performing an exercise study in a hospital
or office setting, using the oxygen source that is available
to the staff at that time. Rarely is this oxygen “prescription” test performed using the patient’s own oxygen delivery
system. Discrepancies in the amount of oxygen actually
delivered can easily occur under such circumstances.48-50
Rehabilitation programs provide an ideal means to help
determine the correct oxygen “prescription.” During the
exercise-training periods the patient should be monitored
using the particular oxygen delivery system that is used in
the home environment. This provides an effective means
to determine the level of support that the patient should
use in that setting with the equipment that the patient
currently has available. This will help to more accurately
determine the patient’s needs and device delivery capabilities, thus helping to optimize the performance of activities
of daily living.
Other Therapies
Other types of support during exercise are also being
investigated regarding their effects on dyspnea and exercise training. These include the use of ventilatory support
and physical support modalities. The addition of noninvasive ventilation over the short-term in a home environment, to an out-patient rehabilitation program, improved
the shuttle walk distance and quality of life to a greater
extent than did rehabilitation alone.51 Neuromuscular electrical stimulation (the use of low-voltage stimulation to
cause contraction of peripheral muscles) has been shown
in patients with severe muscle weakness to result in significant improvements in muscle function, maximum and
endurance exercise tolerance, and dyspnea.52 Further study
is necessary to evaluate the long-term effects of each of
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these therapies when combined with a formal pulmonary
rehabilitation program.
Physical support during ambulation has been used by
patients with COPD for many years. The use of a rollator
(a stroller with wheels) has been shown to increase the
6-min walk distance and reduce dyspnea.53 The effects are
felt to be mediated by allowing an increase in minute
ventilation with optimization of walking efficiency. The
use of the rollator is well tolerated by most patients.54
Dyspnea has also been shown to be reduced through the
use of a rollator. Further study with the use of the rollator
combined with pulmonary rehabilitation should be conducted to determine the benefits from using this type of
support modality.
Newer exercise-training modalities are also being studied. By reducing ventilatory limitation with exercise, a
patient with COPD might be able to undergo more intensive exercise training. One-legged training, at half the load
of 2-legged exercise, places similar metabolic demands on
the targeted muscles and is associated with a reduced ventilatory load, thus enabling patients to increase work capacity. An improvement in aerobic capacity was noted
during such training in patients with stable COPD.55 Although the number of patients in the study was small, this
offers an intriguing method to optimize the exercise-training regimen.
Another training modality that has been used in an attempt to optimize exercise involves ventilation feedback
through use of a computer-based program.56 A computer
program provided patients with real-time biofeedback and
individualized goals. The program allowed patients to see
their speed on the treadmill and depth of breathing in
relation to the set goal on the computer screen. The feedback provided would encourage them to inhale more slowly
and exhale more fully in order to achieve the goal. The
combination of ventilation feedback plus exercise training
was found to decrease exercise-induced dynamic hyperinflation and increase exercise duration more than ventilation feedback alone. Further investigations of various exercise training regimens should be conducted.
Newer Strategies for Delivery
of Pulmonary Rehabilitation Services
Currently there is limited availability of pulmonary rehabilitation programs in the United States and other countries. Strategies for providing pulmonary rehabilitation in
other types of out-patient settings are being investigated.
Self-monitored home-based rehabilitation programs are an
alternative to the traditional out-patient (hospital or independent facility) based programs. In a recent study comparing a home-based rehabilitation program with an outpatient, hospital-based program over an 8-week course
(including aerobic and strength-exercise training), similar
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improvements in dyspnea, exercise capacity, and healthrelated quality of life were noted in both groups.57 This
type of setting may provide an alternative in those areas
where a comprehensive out-patient pulmonary rehabilitation program is not readily available, and may allow easier
access for many more patients.
Pulmonary rehabilitation is an established component of
care for patients with chronic lung disease. In unstable patients who have suffered from an exacerbation, the effects of
pulmonary rehabilitation are less well established. A recent
review of randomized controlled trials comparing pulmonary
rehabilitation after a COPD exacerbation with conventional
care (no rehabilitation) has shown that pulmonary rehabilitation significantly reduced hospital admissions and mortality,
and improved health-related quality of life for those patients
treated with pulmonary rehabilitation. No adverse effects were
noted. Thus, pulmonary rehabilitation appears to be very effective and safe for those patients who have recently suffered
a COPD exacerbation, and should be considered before the
onset of “stable disease.”58
Coverage of Pulmonary Rehabilitation Services
The enactment of House Resolution 6331, the Medicare
Improvements for Patients and Providers Act of 2008,
established a specific Medicare benefit for pulmonary rehabilitation, effective January 2010. This mandate will provide uniform coverage criteria and payment for services.
Until January 2010 the Medicare administrative contractors still retain the authority to determine and change what
is covered, or not covered, under the set of services designated as pulmonary rehabilitation. Several of these contractors have developed or are developing local coverage
policies that will be in effect until January 2010. Details
regarding coverage and payment issues from the Centers
for Medicare and Medicaid Services are being developed
in conjunction with other major national organizations (eg,
American Association for Respiratory Care, American Thoracic Society, American Association of Cardiovascular and
Pulmonary Rehabilitation, National Association for the
Medical Direction of Respiratory Care, and the American
College of Chest Physicians). Information regarding the
coverage determinations should be available later in 2009.
Further information regarding the local coverage determinations should be obtained from the Medicare administrative contractor in the area where the services are being
provided.
Summary
Pulmonary rehabilitation has been shown to benefit patients with chronic lung disease. Increase in exercise capacity, reduction in dyspnea, improvement in health-related quality of life, and reduction of health-care utilization
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are just a few of the many benefits that patients with
chronic lung disease can expect following pulmonary rehabilitation. Similar benefits are also seen in patients who
have undergone surgical therapy for their COPD (eg, lungvolume-reduction surgery or lung transplantation) as well
as in patients who have other chronic lung diseases (eg,
interstitial pulmonary fibrosis, pulmonary hypertension).
Despite the well known benefits associated with pulmonary rehabilitation, it is often under-utilized. It is estimated
that only 2% of the COPD population has access to pulmonary rehabilitation, and, as such, strategies to increase
access to pulmonary rehabilitation programs must be developed. The passage of the recent legislation should help
to increase the number of programs available for patients
by providing reimbursement for the services provided. Provider education (including physician, nonphysician providers, and trainees) regarding the importance of rehabilitation in the integrated care model for COPD should also
help to increase access to programs for patients with chronic
lung disease.
There is an extremely bright future for patients with
chronic lung disease who are symptomatic. The inclusion
of pulmonary rehabilitation as a routine part of the overall
care of a patient with chronic lung disease will result in
improved patient care. The optimal management of COPD
should involve an integrated care approach stressing a comprehensive assessment; a self-management education program; an individually tailored treatment plan; and a communication strategy among health-care professionals, the
patient, and the family. All of these components are routinely performed during a comprehensive pulmonary rehabilitation program. By using pulmonary rehabilitation as
part of this integrated care approach, patients will be able
to develop behavioral changes and self-management strategies that will contribute to their improved health and
reduce health-care resource utilization.
RTs are well positioned to participate in all aspects of
pulmonary rehabilitation. Providing education to patients
with chronic lung disease regarding the benefits to be gained
from pulmonary rehabilitation can help to direct patients
to rehabilitation programs. Providing pulmonary rehabilitation can help these patients improve their overall quality
of life and allow them to regain their self efficacy and
functioning in their community. Providing outcomes assessments will help evaluate the benefits that are noted
following completion of rehabilitation, from both a patient
and program perspective. Clinical competency guidelines
for pulmonary rehabilitation professionals have been developed to assist the provider with best practice expectations and to serve as a self-assessment tool to help identify
continuing education needs.59
As more pulmonary rehabilitation programs are developed over the ensuing several years, there will be an increased need for provision of these services The RT is
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superbly and uniquely positioned to use the available tools
and resources to become a member of the integrated care
team and to help provide rehabilitation to those who are in
need.
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