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Chronic obstructive pulmonary disease (COPD) is a major respiratory
illness in Canada that is both preventable and treatable. Our understanding of the pathophysiology of this complex condition continues
to grow and our ability to offer effective treatment to those who suffer
from it has improved considerably. The purpose of the present educational initiative of the Canadian Thoracic Society (CTS) is to provide
up to date information on new developments in the field so that
patients with this condition will receive optimal care that is firmly
based on scientific evidence. Since the previous CTS management recommendations were published in 2003, a wealth of new scientific
information has become available. The implications of this new knowledge with respect to optimal clinical care have been carefully considered by the CTS Panel and the conclusions are presented in the
current document. Highlights of this update include new epidemiological information on mortality and prevalence of COPD, which charts
its emergence as a major health problem for women; a new section on
common comorbidities in COPD; an increased emphasis on the meaningful benefits of combined pharmacological and nonpharmacological
therapies; and a new discussion on the prevention of acute exacerbations. A revised stratification system for severity of airway obstruction
is proposed, together with other suggestions on how best to clinically
evaluate individual patients with this complex disease. The results of
the largest randomized clinical trial ever undertaken in COPD have
recently been published, enabling the Panel to make evidence-based
recommendations on the role of modern pharmacotherapy. The Panel
hopes that these new practice guidelines, which reflect a rigorous
analysis of the recent literature, will assist caregivers in the diagnosis
and management of this common condition.
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Les recommandations de la Société canadienne
de thoracologie au sujet de la prise en charge
de la maladie pulmonaire obstructive
chronique – Mise à jour de 2007
La maladie pulmonaire obstructive chronique (MPOC) est une maladie
respiratoire majeure au Canada, à la fois évitable et traitable. Notre compréhension de la physiopathologie de cette maladie complexe continue
d’évoluer, et notre capacité d ’offrir un traitement efficace aux personnes
atteintes s’est améliorée considérablement. La présente initiative en
matière d’éducation de la Société canadienne de thoracologie (SCT) vise
à fournir de l’information à jour au sujet des progrès dans le domaine, afin
que les patients atteints de cette maladie reçoivent des soins optimaux
fondés sur des données probantes solides. Depuis la publication des
dernières recommandations de prise en charge de la SCT en 2003, on a
mis au jour une pléthore de nouvelles données scientifiques. Le groupe de
travail de la SCT a évalué consciencieusement les conséquences de ces
nouvelles connaissances en matière de soins cliniques optimaux, et le
présent document contient les conclusions tirées de cet examen. Les faits
saillants de cette mise à jour sont de nouvelles données épidémiologiques
sur la mortalité et la prévalence de la MPOC, qui en révèlent l’émergence
comme trouble de santé d’importance pour les femmes, une nouvelle
rubrique sur les comorbidités de la MPOC, une plus grande attention
accordée aux bienfaits significatifs de l’association des thérapies pharmacologiques et non pharmacologiques et un nouvel exposé sur la prévention des exacerbations aiguës. On propose un système révisé de
stratification pour établir la gravité de l’obstruction des voies aériennes,
de même que d’autres suggestions sur le meilleur moyen de procéder à l’évaluation clinique de chaque patient atteint de cette maladie complexe.
Les résultats du plus grand essai clinique aléatoire jamais entrepris dans le
domaine de la MPOC ont récemment été publiés, ce qui a permis au
groupe de travail de présenter des recommandations probantes sur le rôle
de la pharmacothérapie moderne. Le groupe de travail espère que ces
nouvelles lignes de pratique, qui reflètent une analyse rigoureuse des publications récentes, aideront les dispensateurs de soins dans le diagnostic et
la prise en charge de cette maladie courante.
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THE GUIDELINE DEVELOPMENT PROCESS
The Canadian Thoracic Society (CTS) Review Panel evaluated
all peer-reviewed papers published in the area of chronic
obstructive pulmonary disease (COPD) from 2003 to the present. Fifteen content experts undertook responsibility to review
their designated topics and each submitted his or her analysis
and recommendations to the Panel for discussion during two
separate conference meetings. Evidence weighting for each
recommendation was assigned based on criteria listed in Table 1
(1). A working document summarizing the scientific review
together with consensus recommendations (draft i) was circulated to the Panel for feedback and final approval. The revised
draft (ii) was then widely circulated for feedback from external
experts from affiliated societies (family physicians, nursing,
physical therapy, respiratory therapy, pharmacists). The final
draft incorporated revisions from these numerous experts and
was submitted for publication.

DEFINITION
COPD is a respiratory disorder largely caused by smoking, and
is characterized by progressive, partially reversible airway
obstruction and lung hyperinflation, systemic manifestations,
and increasing frequency and severity of exacerbations.
COPD is usually suspected in patients with a significant
smoking history who present with progressive exertional dyspnea, cough and/or sputum production, and frequent respiratory
tract infections. All patients with suspected COPD should
have their lung function assessed by spirometry (2). The forced
expiratory volume in 1 s to forced vital capacity ratio
(FEV1/FVC) is the most important measurement for the identification of an obstructive impairment (2). A post bronchodilator FEV1/FVC ratio of less than 0.7 defines airflow
obstruction that is not fully reversible, and is necessary to
establish a diagnosis of COPD.

EPIDEMIOLOGY OF COPD IN CANADA
Mortality
In 2004, COPD was the fourth leading cause of death in both
men and women in Canada (3), a significant increase from
1999 when it was the fifth leading cause of death (4). In 2004,
5152 men and 4455 women died of COPD, a mortality
increase of more than 12% in women from 1999 (3,4). The
number of COPD deaths in women increased by 117% from
1988 to 2003 and will likely surpass the number of deaths in
men in the near future (3,4) (Figure 1). The number of deaths
among men decreased by 7% within this time frame, although
it still remains high. Age-standardized mortality rates increase
sharply for those over 75 years of age. The change in age composition of the population with an increasing number of people
older than 65 years of age will result in continued increases in
mortality rates for COPD (particularly in women) in the foreseeable future. Furthermore, the estimated mortality rate is a
significant underestimation because the primary cause of death
is often coded as another diagnosis, such as congestive heart
failure or pneumonia (5).
Prevalence
Currently available prevalence estimates based on selfreporting or physician diagnosis likely significantly underestimate the true prevalence of COPD (6,7). According to the
2005 Canadian Community Health Survey, 4.4% of
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TABLE 1
Levels of evidence*
Level of evidence
1. Evidence from one or more randomized trials or meta-analyses
2. Evidence from one or more well-designed cohort or case-control studies
3. Consensus from expert groups based on clinical experience
Evidence was further subdivided into a number of categories
A. Good evidence to support a recommendation for use
B. Moderate evidence to support a recommendation for use
C. Poor evidence to support a recommendation for or against use
D. Moderate evidence to support a recommendation against use
E. Good evidence to support a recommendation against use
*Schema used previously by the Canadian Thoracic Society for guidelines
development (1).

Canadians aged 35 years or older (over 700,000 adults) have
probable COPD based on self-reporting of diagnoses made by
health care professionals (4). For the same age group, the prevalence among men is 3.9% and the prevalence for women now
stands at 4.8%. The overall prevalence of probable COPD has
been similar since 1994/1995, although the questions used to
elicit the information have differed somewhat over the years. In
2000/2001, the prevalence of probable COPD increased with
age for both men and women (Figure 2). Women have a higher
prevalence of COPD in all age groups except for the 75 year and
older age group, in which the male prevalence is higher (men
11.8%, women 7.5%).

RISK FACTORS
In Canada, cigarette smoke is the main inflammatory trigger in
COPD. COPD develops in some smokers but not others due to
a complex interaction between the susceptible host and its
changing environment. Some host factors have been well studied, including alpha1-antitrypsin (AAT) deficiency, a history of
childhood viral infections and bronchial hyper-responsiveness.
Environmental risk factors other than exposure to tobacco
smoke include occupational exposures and air pollution (3,8,9).

PATHOPHYSIOLOGY OF COPD
COPD is characterized by complex and diverse pathophysiological manifestations. Persistent inflammation of the small
and large airways, as well as the lung parenchyma and its vasculature, occurs in a highly variable combination that differs
from patient to patient.
Understanding of this inflammatory process continues to
grow (10-22). Evidence of airway inflammation is present even
in early disease where spirometric abnormalities are minor
(23). The inflammatory process in COPD persists long after
the inciting stimulus (cigarette smoke) is withdrawn (22). It is
clear that the inflammatory process in COPD is different in
many important respects from that in asthma (18,24).
Expiratory flow limitation
Expiratory flow limitation is the pathophysiological hallmark
of COPD. This arises because of intrinsic airway factors that
increase resistance (eg, mucosal inflammation and edema, airway remodelling and fibrosis, and secretions) and extrinsic
airway factors (eg, reduced airway tethering from emphysema
and regional extraluminal compression by adjacent overinflated
alveolar units) (19,20,23). Emphysematous destruction also
Can Respir J Vol 14 Suppl B September 2007
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Figure 1) Number of chronic obstructive pulmonary disease (COPD)
deaths (A) and hospitalizations (B), actual and projected, in Canada.
International Classification of Diseases, 10th Edition (ICD10)
codes: J40-J44. Note that the coding schemes for this condition changed
in 1968, 1978 and 2000 and this may influence trends. Standardized
rate uses 1991 Canadian population. Prior to 1993, includes only the
10 Canadian provinces. Source: Centre for Chronic Disease
Prevention and Control, Public Health Agency of Canada, 2006,
using Statistics Canada, Vital Statistics Data

Figure 3) Resting maximal flow-volume loops (spirometry) (A) and
lung volumes (B) in a typical patient with chronic obstructive pulmonary disease (COPD). EELV End-expiratory lung volume; EILV
End-inspiratory lung volume; IC Inspiratory capacity; IRV Inspiratory
reserve volume; RV Residual volume; TLC Total lung capacity; VT
Tidal volume

autonomic nervous system, which can be pharmacologically
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Figure 2) Prevalence of physician-diagnosed chronic obstructive pulmonary disease in Canadian adults 35 years of age and over, by sex, in
2000/01, 2002, 2003 and 2005. Source: Centre for Chronic Disease
Prevention and Control, Public Health Agency of Canada, using data
from Canadian Community Health Survey (share file), Statistics
Canada, 2006

reduces elastic lung recoil and, thus, the driving pressure for
expiratory flow, further compounding flow limitation. Further
modulation of airway calibre in COPD is provided by the
Can Respir J Vol 14 Suppl B September 2007

Lung hyperinflation
Expiratory flow limitation with dynamic collapse of the small
airways compromises the ability of patients to expel air during
forced and quiet expiration; thus, air trapping and lung overinflation occurs (Figure 3). The volume of air in the lungs at the
end of quiet expiration (ie, end-expiratory lung volume) is
increased and is a continuous dynamic variable in COPD.
When the breathing rate acutely increases (and expiratory
time diminishes) as, for example, during exercise in COPD,
there is further dynamic lung overinflation as a result of air
trapping, which contributes to dyspnea (25). Acute-on-chronic
hyperinflation has been shown to be an important determinant
of shortness of breath during exercise and with exacerbations
in COPD (25-29).
Respiratory complications
Respiratory failure: Oxygen uptake and carbon dioxide elimination by the lungs are compromised because of regional
inequalities of ventilation and perfusion throughout the lungs,
leading ultimately to hypoxemia and hypercapnia.
Pulmonary hypertension: Destruction of the vascular bed due
to emphysema, together with the vasoconstrictor effects of
chronic hypoxia, lead to pulmonary hypertension and right
7B
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heart failure (30). New evidence suggests that pulmonary
hypertension is due to direct toxic effects of tobacco smoke
on the pulmonary vasculature, resulting in the production of
endothelial-derived vasoactive mediators and vascular remodelling. Changes seen are similar to those found in idiopathic pulmonary arterial hypertension (31,32). The presence of
pulmonary hypertension in COPD indicates a poor prognosis
(33,34). Significant pulmonary hypertension at rest is rarely a
problem in COPD and it affects only a minority of patients.
When severe pulmonary hypertension occurs in less advanced
COPD, the presence of another disease should be considered
(35).

COMORBIDITY IN COPD
In the recent Towards a Revolution in COPD Health
(TORCH) trial (36), which followed more than 6000 patients
with COPD over a three-year period, 35% of deaths were adjudicated to be due to pulmonary causes, 27% to cardiovascular
disease, 21% to cancer and in 7% the primary cause of death
was not known. Comorbidity has been defined as a recognized
and distinct disease entity coexisting with the primary disease
of interest. COPD is associated with many comorbid conditions, particularly those related to the cardiovascular system.
Other comorbidities frequently associated with COPD include
osteopenia and osteoporosis (37), glaucoma and cataracts (38),
cachexia and malnutrition (39), peripheral muscle dysfunction
(40), cancer (41) and the metabolic syndrome (42). Rates of
recognized depression in COPD vary from 20% to 50% and
increase with disease severity (43,44).
Soriano et al (38) found that compared with controls, COPD
patients had increased risk of angina (a 1.67-fold increase) and
myocardial infarction (a 1.75-fold increase). They also had
increased risk for fractures (a 1.58-fold increase) and glaucoma
(a 1.29-fold increase). Sidney et al (45) found that compared
with age- and sex-matched control subjects, COPD patients
were 2.7 times more likely be hospitalized for ventricular
arrhythmias, 2.1 times more likely to be hospitalized for atrial
fibrillation, two times more likely to be hospitalized for angina,
1.9 times more likely to be hospitalized for myocardial infarction
and 3.9 times more likely to be hospitalized for congestive heart
failure. Overall, COPD patients were 1.8 times more likely to
die from cardiovascular causes of mortality and two times more
likely to be hospitalized for cardiovascular diseases than were
age- and sex-matched control subjects (45).
The main causes of mortality in mild or moderate COPD
are lung cancer and cardiovascular diseases, while in more
advanced COPD (less than 60% FEV1), respiratory failure
becomes the predominant cause. However, even in patients
with advanced COPD, cardiovascular events account for
approximately 20% of all deaths (42). Cardiovascular disease
also leads to hospitalization of COPD patients. For example, in
the Lung Health Study (46), cardiovascular causes accounted
for 42% of first hospitalizations and 44% of second hospitalizations of patients with relatively mild COPD. In comparison,
respiratory causes accounted for only 14% of hospitalizations.
Not only do comorbidities increase the risk of certain causes
of mortality, they also increase all-cause mortality risk in
COPD. Antonelli Incalzi et al (47) found that five-year mortality risk was significantly predicted by an FEV1 less than 0.59 L
(hazard ratio [HR]=1.49) and age (HR=1.04), as well as electrocardiogram signs of right ventricular hypertrophy
(HR=1.76), chronic renal failure (HR=1.79), and myocardial
8B

infarction or ischemia (HR=1.42), with an overall sensitivity
of 63% and a specificity of 77%.
Skeletal muscle dysfunction is also a significant comorbidity.
In more advanced COPD, when patients become immobilized
with dyspnea, there are measurable metabolic and structural
abnormalities of peripheral locomotor muscles. The prevalence of peripheral muscle wasting is estimated at 30% and
increases with disease severity (48). These peripheral muscle
abnormalities contribute to exercise intolerance (49), and
result from the combined effects of immobility, altered nutritional status, prolonged hypoxia and, possibly, sustained systemic inflammation (50,51). Loss of muscle mass is a predictor
of mortality, independent of lung function (52,53).
The mechanistic link between COPD and comorbidities is
uncertain. COPD and many of the comorbidities share a common risk factor, namely, cigarette smoking. Recently, some evidence has implicated systemic and pulmonary inflammation as
the common link between COPD and certain comorbid conditions, such as lung cancer, cardiovascular disease and cachexia
(54-61).

CLINICAL ASSESSMENT
The importance of prompt diagnosis
Underdiagnosis of COPD remains a significant problem and
many patients already have advanced pulmonary impairment at
the time of diagnosis (62). Early diagnosis, when coupled with
successful smoking cessation interventions, will provide substantial long-term health benefits (63). Smoking cessation in
patients with mild COPD has been shown to slow the progression of decline in FEV1 and, thus, alter the natural history of the
disease (63,64). Earlier diagnosis and management may also be
important given the availability of effective modern pharmacotherapy, which improves symptoms and health status in
patients with COPD. In a recent study (65), approximately 50%
of individuals diagnosed with COPD through screening received
new treatment as a result of the diagnosis.
Mass screening of asymptomatic individuals for COPD is
not supported by the current evidence and therefore is not
recommended. Targeted spirometric testing to establish early
diagnosis in individuals at risk for COPD is recommended
(8,9,66-69). A postbronchodilator FEV1/FVC ratio less than
0.7 confirms the presence of airway obstruction that is not
fully reversible and is currently widely accepted as the diagnostic criterion for COPD. However, this fixed ratio can lead
to false positive diagnosis in the elderly (70). Comparison of
the FEV1/FVC ratio to the lower limits of normal adjusted for
age and height (ie, below the 5th percentile of predicted normal) may be preferable (71). If the diagnosis is uncertain,
referral to a specialist for further assessment is appropriate.
No clinical, evidence-based criteria currently exist to help
guide the caregiver in selecting individuals who are at risk for
COPD for diagnostic spirometry. The Canadian Lung
Assocation has suggested that patients who are older than
40 years of age and who are current or ex-smokers should
undertake spirometry if they answer yes to any one of the following questions:
1. Do you cough regularly?
2. Do you cough up phlegm regularly?
3. Do even simple chores make you short of breath?
4. Do you wheeze when you exert yourself, or at night?
Can Respir J Vol 14 Suppl B September 2007
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5. Do you get frequent colds that persist longer than those
of other people you know?
Acute exacerbation is a common initial clinical presentation of COPD. Therefore, it is recommended that long-term
smokers (current or past) who seek medical attention for treatment of respiratory tract infection should be offered elective
diagnostic spirometry when the acute symptoms subside and
the patient’s condition has stabilized.
Objective indices of airway obstruction often fluctuate over
time but must persist and not fully normalize if a diagnosis of
COPD is to be made. Accordingly, it is possible that the diagnosis of COPD cannot be established at the first evaluation.

TABLE 2
The Medical Research Council dyspnea scale
Grade

Description

1

Not troubled by breathlessness except with strenuous exercise

2

Troubled by shortness of breath when hurrying on the level or

3

Walks slower than people of the same age on the level because of

walking up a slight hill
breathlessness or has to stop for breath when walking at own
pace on the level
4

Stops for breath after walking about 100 yards (90 m)

5

Too breathless to leave the house or breathless when dressing

or after a few minutes on the level
or undressing

Recommendations
• Evidence does not support population screening using
office spirometry to detect COPD (level of evidence: 2C).
• Targeted testing of symptomatic individuals at risk for
the development of COPD combined with intensive
smoking cessation counselling can slow the progression
of disease (level of evidence: 1A).
Clinical evaluation of the COPD patient
History: Clinical assessment begins with a thorough history
which should include the following:
1. Quantification of tobacco consumption: total pack
years = (number of cigarettes smoked per day ÷ 20) ×
number of years of smoking. Occupational or
environmental exposures to other lung irritants should
also be recorded.
2. Assessment of the severity of breathlessness using the
Medical Research Council (MRC) dyspnea scale (72)
(Table 2). MRC ratings provide prognostic information
on survival in COPD (73).
3. Assessment of the frequency and severity of
exacerbations.
4. Assessment of symptoms that could point to
complications of COPD, such as ankle swelling that
might indicate cor pulmonale. A history of progressive
weight loss (with reduced fat-free mass) indicates a poor
prognosis in COPD (53).
5. Assessment of symptoms that suggest comorbidities (eg,
heart and circulatory diseases, lung cancer, osteoporosis,
musculoskeletal disorders, anxiety and depression).
6. Assessment of current medical treatment.
Physical examination: Physical examination of patients with
COPD, although important, is not usually diagnostic and even
careful physical examination can underestimate the presence
of significant airflow limitation. With more advanced disease,
signs of lung hyperinflation, right heart failure and generalized
muscle wasting may be evident (74). Physical examination
should be undertaken to assess for possible comorbidities.
Investigations: Postbronchodilator spirometry is required to
assist in the evaluation of the severity of airway obstruction to
establish the diagnosis of COPD.
Additional pulmonary function tests: More extensive pulmonary function testing may be undertaken in selected
patients for a more complete clinical characterization of the
Can Respir J Vol 14 Suppl B September 2007
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COPD phenotype. These additional tests may include other
tests of airway function (small airway function), inspiratory
capacity, static lung volumes, diffusing capacity and tests of
respiratory muscle function.
Exercise tests: The 6 minute walking test is a useful test of functional disability and provides prognostic information (75,76).
Arterial oxygen desaturation during walking can be measured
accurately with a pulse oximeter. Cardiopulmonary exercise
testing (77) provides excellent objective measurement of pulmonary impairment, and the peak symptom-limited oxygen
uptake during incremental cycle exercise is an independent
prognostic factor in COPD (78). Cardiopulmonary exercise
testing also has an established role in presurgical evaluation,
particularly in patients with more advanced disease. Constant
work rate cycle endurance tests can be used to evaluate the
impact of therapeutic interventions (79,80).
Blood tests: Arterial blood gas measurements should be considered for patients with an FEV1 less than 40% predicted if they
have low arterial oxygen saturation (less than 92% on oximetry) (81), or for patients in whom respiratory failure is suspected
(77). Venous blood tests may be obtained to assess polycythemia, anemia, AAT level and protease inhibitor type (77).
Nutrition and skeletal muscle function: Assessment of nutritional
status (eg, body mass index, lean body mass) and peripheral
muscle function (eg, strength and endurance testing, dual
energy x-ray absorptiometry scans and computed tomography
imaging) can be undertaken in selected patients.
Radiology: Chest x-rays are not diagnostic for COPD, but are
often required to rule out comorbidities. High-resolution computed tomography scanning can be used to identify the extent
and distribution of the airspace dilation that characterizes
emphysema, but is currently not routinely required (77).
Echocardiography: Echocardiography, including echo-Doppler
estimation of peak right ventricular systolic pressure, can be
used to assess pulmonary hypertension in selected patients
(77).
Sputum cytology: Although the validation of airflow limitation
is best made by spirometry, the validation of airway inflammation may be made by quantitative cell counts in induced or
spontaneously expectorated sputum, because bronchitis is an
important component of the characteristics of airway disease
and difficult to recognize without measurement (82). Sputum
differential cell counts may be useful in deciding if inhaled corticosteroids (ICSs) are needed, or to detect an infection that
may require treatment with an antibiotic (83,84). Currently,
9B
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TABLE 3
Canadian Thoracic Society chronic obstructive pulmonary
disease (COPD) classification of severity by symptoms
and disability*, and impairment of lung function

TABLE 4
Clinical differences between asthma and chronic
obstructive pulmonary disease (COPD)

Classification by symptoms and disability

Age of onset

COPD stage

Symptoms

Smoking history

Not causal

Usually >10 pack-years

Mild

Shortness of breath from COPD† when hurrying on the level

Sputum production

Infrequent

Often

Moderate

Shortness of breath from COPD† causing the patient to stop

or walking up a slight hill (MRC 2)

Asthma
Usually <40 years

Allergies

Often

Infrequent

Disease course

Stable (with

Progressive worsening

Spirometry

Often normalizes

May improve but never

Clinical symptoms

Intermittent and variable

Persistent

after walking approximately 100 m (or after a few minutes)
on the level (MRC 3 to 4)
Severe

exacerbations)

Shortness of breath from COPD† resulting in the patient
being too breathless to leave the house, breathless

COPD
Usually >40 years

(with exacerbations)
normalizes

when dressing or undressing (MRC 5), or the presence of
chronic respiratory failure or clinical signs of right heart
failure
Classification by impairment of lung function
COPD stage

Spirometry (postbronchodilator)

Mild

FEV1 ≥80% predicted, FEV1/FVC <0.7

Moderate

50% ≤ FEV1 < 80% predicted, FEV1/FVC <0.7

Severe

30% ≤ FEV1 < 50% predicted, FEV1/FVC <0.7

Very severe

FEV1 <30% predicted, FEV1/FVC <0.7

*Postbronchodilator forced expiratory volume in 1 s (FEV1) to forced vital
capacity (FVC) ratio less than 0.7 is required for the diagnosis of COPD to be
established; †In the presence of non-COPD conditions that may cause shortness of breath (eg, cardiac dysfunction, anemia, muscle weakness, metabolic
disorders), symptoms may not appropriately reflect COPD disease severity.
Classification of COPD severity should be undertaken with care in patients
with comorbid diseases or other possible contributors to shortness of breath.
MRC Medical Research Council dyspnea scale

there is no evidence to identify whether the detection of
steroid-responsive eosinophilic bronchitis in COPD or asthma
indicates the need for long-term corticosteroids. However, a
treatment strategy that uses sputum cell counts to guide therapy
decreases exacerbations in patients with COPD (85).
Biomarkers: Biomarkers such as C-reactive protein and sputum
cytology are being used to investigate the underlying cellular
and molecular pathophysiology of COPD. They may be useful
in predicting disease progression, disease instability, response
to therapy (new and current) and mortality (41,86,87).
Genetic factors are known to influence susceptibility to the
development of COPD. There is an increasing body of literature supporting the measurement of candidate genes and
markers but to date no clinically useful screening gene or
marker has been developed to identify susceptible smokers
(88-90).
Additional investigations to identify comorbidities are
often required in patients with more advanced COPD (see
above).
Patient follow-up
No consensus exists as to which parameters should be routinely used in charting the course of the disease in individual
patients. Traditionally, the rate of decline of FEV1 has been
used to assess disease progression. Faster rates of decline
often occur in active smokers (64) and appear to be greater
in patients with frequent exacerbations (91). Other important outcomes which provide prognostic information
include the number and severity of exacerbations and hospitalizations (92-97), age (78,98-101), nutritional status (body
10B

weight [52], fat-free mass [53], body mass index
[53,78,99,102]), the presence of gas exchange abnormalities
(diffusing capacity [78,101,103], arterial blood gases
[99,100,103], use of long-term oxygen therapy [104]), MRC
dyspnea scale (73,78,105), the ratio of inspiratory capacity
to total lung capacity (105), exercise tolerance (6 minute
walking distance [75,105], peak oxygen uptake [78], maximal work rate [98]), use of oral corticosteroids (100,101), the
presence of comorbidities (42,47) and the presence of pulmonary hypertension (33,34).
Stratifying disease severity in COPD
Most existing paradigms for the stratification of disease severity
use the FEV1 (106,107). However, there is a relatively poor correlation between the FEV1 and the risk of mortality, and there is
no consensus as to which risk stratification system should be
used. Some patients with relatively minor abnormalities in
spirometry may have significant exertional symptoms and
require further investigation. The ideal system would use a composite index with evaluation in the domains of impairment
(function), disability (activity) and handicap (participation).
The BODE index (body mass index, airflow obstruction, dyspnea and exercise capacity) is a recently published comprehensive grading system of disease severity that better predicts
survival than FEV1 alone (108). FEV1 measurement by itself,
while necessary for diagnostic purposes and for follow-up of the
disease, correlates less well with symptom intensity, exercise
capacity and quality of life (26,109). The MRC dyspnea scale
represents an easy and useful clinical measure which better
reflects overall disease impact among COPD patients (Table 3).
Recommendation
• Spirometry is required for diagnosis and is useful in assessing severity of airway obstruction. However, after having
established a spirometric diagnosis, management decisions
should be individualized and guided by the severity of
symptoms and disability, as measured by the MRC scale
(level of evidence: 3A).
A simple stratification system of severity based on both
spirometry and the MRC dyspnea grade is provided in Table 3,
with the recognition that measures of impairment and subjective symptoms may be poorly correlated in individual patients.
This stratification system requires formal validation but
nonetheless provides important clinical information to guide
treatment decisions.
Can Respir J Vol 14 Suppl B September 2007
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Surgery
Surgery
Oxygen
Inhaled corticosteroids

TABLE 5
Management of symptomatic milder chronic obstructive
pulmonary disease*
Education and smoking cessation programs
Prevention of exacerbations (vaccinations)

Pulmonary rehabilitation

Initiation of bronchodilator therapy

Long
Long-acting
bronchodilator(s)

Encouragement of regular physical activity

Rapid
PRN short-acting
bronchodilator(s)

Close follow-up and disease monitoring

Smoking cessation/exercise/self-management/education
cessation/exercise/self
Lung function
impairment

Mild

Very severe
Severe

MRC dyspnea
scale

II

V

Early diagnosis
(spirometry) +
prevention

Prevent/Rx AECOPD
End of life care
Follow-up

Figure 4) A comprehensive approach to the management of chronic
obstructive pulmonary disease (COPD). AECOPD Acute exacerbation of COPD; MRC Medical Research Council; PRN As needed; Rx
Treatment

Differential diagnosis of COPD
COPD versus asthma: In most instances, physicians can readily differentiate between COPD and asthma (Table 4).
However, in a small proportion of patients, diagnostic differentiation can be challenging and may require additional investigation. COPD patients generally have a later age of onset of
symptoms and have a significant smoking history. In COPD,
symptoms are chronic and slowly progressive over years,
whereas in asthma, symptoms of shortness of breath are more
intermittent and less likely to be associated with progressive
disability. When patients exhibit the clinical features outlined
above, together with a demonstration of persistent airway
obstruction (ie, postbronchodilator FEV1/FVC ratio less than
0.7) in response to a trial of acute bronchodilator therapy, this
strongly suggests the diagnosis of COPD. Importantly, it should
be stressed that a significant bronchodilator response does not
exclude the diagnosis of COPD.
Combined COPD and asthma: It is important to identify
patients with mixed asthma and COPD (eg, asthmatic patients
with a significant smoking history). In practice, the relative
contribution of each disease to airway obstruction is often difficult to ascertain. Patients with a large improvement in FEV1
(eg, greater than 0.4 L) following an inhaled short-acting
bronchodilator likely have underlying asthma (110). Marked
diurnal variability of peak expiratory flow rates or significant
fluctuations over time in any measure of airway obstruction is
also suggestive of asthma. Large spirometric improvements following treatment with inhaled or oral steroids also suggest
asthma. Only the baseline eosinophil count in induced sputum
has been shown to significantly correlate with reversibility of
airway obstruction following treatment with oral corticosteroids (level of evidence: 3B) (111-113). The potential utility
of this test in clinical practice needs further assessment.
Patients with combined asthma and COPD may benefit from
combination therapy with both beta2-agonist and anticholinergic bronchodilators, and if the asthma component is prominent, earlier introduction of ICS may be justified. Moreover,
education and self-management plans for mixed disease need
to be individualized, and will reflect different goals and treatment expectations than for patients with either disease alone.
Can Respir J Vol 14 Suppl B September 2007

*Medical Research Council dyspnea scale grade 2 and/or postbronchodilator
forced expiratory volume in 1 s (FEV1) to forced vital capacity ratio <0.70;
FEV1 ≥80% predicted

COPD – differential diagnosis of chronic breathlessness:
Other conditions included in the differential diagnosis of older
patients presenting with progressive breathlessness include cardiovascular conditions, pulmonary vascular disease (eg, pulmonary emboli), severe deconditioning, obesity, anemia,
interstitial lung disease and, rarely, neuromuscular disease.
Patients with advanced COPD often have several comorbidities (see above).
When to refer to a specialist
Referral to a specialist may be appropriate when there is uncertainty over the diagnosis; symptoms are severe or disproportionate to the level of obstruction; there is an accelerated
decline of function (FEV1 decline of 80 mL or more per year
over a two-year period); and the onset of symptoms occurs at a
young age. Specialists can also assist in the assessment and
management of patients who fail to respond to bronchodilator
therapy, or those who require pulmonary rehabilitation or an
assessment for oxygen therapy. Specialist assistance may also
be needed for the management of patients with severe or recurrent exacerbations of COPD, for patients with complex
comorbidities, and for those requiring assessment for surgical
intervention (ie, bullectomy, lung volume reduction surgery
[LVRS], lung transplantation).

MANAGEMENT OF COPD
The goals of management of COPD are as follows:
1. Prevent disease progression (smoking cessation);
2. Reduce the frequency and severity of exacerbations;
3. Alleviate breathlessness and other respiratory symptoms;
4. Improve exercise tolerance and daily activity;
5. Treat exacerbations and complications of the disease;
6. Improve health status; and
7. Reduce mortality.
Therapy would be expected to escalate from MRC grade 2
through to grade 5. Patients with an MRC grade of 3 to 5 are
disabled and require a more intensive comprehensive management strategy to optimize outcomes, including combined pharmacotherapeutic and nonpharmacological interventions from
the outset (Figure 4). A management approach for patients
with symptomatically milder COPD (MRC dyspnea score of 2)
is outlined in Table 5.

EDUCATION
Components of COPD education should be individualized
because they will vary with disease severity. Important
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TABLE 6
Components of a chronic obstructive pulmonary disease
(COPD) patient education program

35
2003
30

• Smoking cessation (level of evidence: 1A)
• Basic information: Pathophysiology and rationale for medical treatments

• Early recognition and treatment of acute exacerbations of COPD

28

28

25

• Effective inhaler technique
• Self-management with case manager participation (level of evidence: 1A)

26

24

23

20

• Identification of educational resources

educational components are outlined in Table 6. Education
alone is not associated with improved lung function or exercise performance (114). Specific educational interventions,
such as self-management programs with the support of a case
manager and smoking cessation, have been shown to be
effective in reducing health resource utilization, both related
and unrelated to management of acute exacerbations of
COPD (AECOPD) (63,115).
Recommendation
• Educational intervention of the patient and the family
with supervision and support based on disease-specific
self-management principles is valuable, and should be
part of the continuum of optimal COPD management
in Canada (level of evidence: 1A).

SMOKING CESSATION
In 2005, 22% of Canadians aged 12 years and older still
smoked, with the highest percentage of smokers (ie, 28%) in
the 20- to 34-year-old cohort (116) (Figure 5). The relationship between smoking status and the development of clinically
significant COPD is complex and depends on age, sex and the
spirometric definition used for COPD (117). Like the Global
Initiative for Chronic Obstructive Lung Disease, the CTS
requires an FEV1/FVC ratio less than 0.70 to support the diagnosis of COPD; using that criterion, it has been shown that
25% of current smokers older than 45 years have COPD (117).
In this same observational study, the prevalence of COPD in
male and female smokers aged 61 to 62 years was 39% and
46%, respectively. Many other smokers will have objective
evidence of damage to smaller airways. Quitting smoking produces only a small improvement of the FEV1. However, the
subsequent rate may return toward that of a nonsmoker, thus
helping to delay the onset of disability due to COPD. Smoking
cessation is the single most effective intervention to reduce the
risk of developing COPD and to slow its progression (level of
evidence: 1A). Quitting will result in symptomatic relief of
chronic cough, sputum expectoration, shortness of breath and
wheezing, and reduce the risk of cardiovascular disease and
cancer of the lung and other organs. Although approximately
41% of smokers try to quit smoking each year, only approximately 10% achieve and maintain abstinence (118).
At least 70% of smokers visit a physician each year and
smoking cessation advice is quoted as an important motivator
to quit (119). Quitting advice given to all smokers, regardless of
whether they have chronic disease, by physicians (level of evidence: 1A), nonphysician health professionals (level of evidence: 2A), and individual and group counselling (levels of
evidence: 1A), increases cessation (119).
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2005

28
25

25
22

24
21

24

20

15

• Strategies to alleviate dyspnea
• Advanced directives and/or end-of-life issues

2000-2001

33

30

14
12

10

10

11 11

8

5
0
Total

Men

Women

12 to 17

18 to 34 35 to 64

65 and
over

Figure 5) Percentage of current smokers aged 12 years or older in
Canada 2000/2001 to 2005

The use of medication, including nicotine replacement
therapy and the antidepressant bupropion, approximately
doubles cessation rates and is recommended unless there are
contraindications (119,120) (level of evidence: 1A) (Table 7).
Nicotine replacement therapy in conjunction with bupropion may have additive effects (121). A new nicotinic acetylcholine partial agonist, varenicline, has been shown to be
more efficacious than bupropion or placebo (level of evidence: 1A). Varenicline has been shown to have superior
short- and long-term efficacy compared with placebo (122126), as well as superior short-term efficacy compared with
bupropion (122,123). However, results showing varenicline’s
long-term benefit over bupropion are inconsistent after one
year of follow-up (122,123,125).
Recommendation
• Minimal interventions, lasting less than 3 minutes,
should systematically be offered to every smoker with the
understanding that more intensive counselling with pharmacotherapy results in the highest quit rates and should be
used whenever possible (level of evidence: 1A).

PHARMACOTHERAPY IN COPD
Bronchodilators currently form the mainstay of pharmacological therapy for COPD (Figure 6). Bronchodilators work by
decreasing airway smooth muscle tone, thus improving expiratory flow and lung emptying and reducing hyperinflation.
Little information exists concerning the efficacy of pharmacotherapy in patients with milder COPD (ie, FEV1 greater
than 65% predicted), making evidence-based guidelines for
this subpopulation impossible. Evidence supporting the use of
three classes of bronchodilators in COPD, as well as the combination products, is summarized below.
• Short-acting bronchodilators, both anticholinergics and
beta2-agonists, have been shown to improve pulmonary
function, dyspnea and exercise performance in patients
with moderate to severe COPD (127-135). They have
not been shown to have a consistent impact on quality
of life. Individual responses to the different classes are
variable.
• In short-term efficacy studies, the use of short-acting
anticholinergic and beta2-agonists together produces
Can Respir J Vol 14 Suppl B September 2007
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TABLE 7
Pharmacological aids to smoking cessation
Medication

Duration, use
and advantage

Dosage

Adverse
effects

Contraindications

Nicotine gum
Nicorette

2 mg gum

Up to 12 weeks but longer if required. One

Recent myocardial infarction*;

Burning, jaw

if <25 cigarettes/day

piece of gum per hour or as needed. Chew 2 to

unstable angina*; severe

maximum 24/day

3 times and park gum between gingiva

cardiac arrhythmia*; recent stroke

pain, hiccups

and cheek for 30 s to 60 s; repeat this process for
30 min. Do not eat or drink 15 min before or
after to allow nicotine absorption.
Nicorette

4 mg gum if ≥25 cigarettes/

Plus

day; maximum 24/day

Delays weight gain while being used.

Pregnancy and breast feeding†;
patients <18 years

Nicotine patch
Nicoderm

21 mg/24 h

4 weeks

Recent myocardial infarction*;

or

14 mg/24 h

2 weeks

unstable angina*; severe

reaction,

Habitrol

7 mg/24 h

2 weeks

cardiac arrhythmia*; recent

vivid dreams

If <10 cigarettes/day start with lower dose.

stroke; pregnancy and breast

Tapering and duration should be individualized.

feeding†; patients <18 years;

Place patch on relatively hairless location

allergy to tape; generalized

typically between neck and waist.

skin disease

Local skin

Nicotine inhaler
Nicorette

10 mg/cartridge/20 min,

Inhaler

6 to 12 cartridges/day

Use frequent continuous puffing x 20 min each

Hypersensitivity to menthol; recent

Mouth and throat

cartridge or as needed. Use up to 12 weeks then

myocardial infarction*; unstable

irritation, cough,

decrease progressively over 6 to 12 weeks.

angina*; severe cardiac arrhythmia*;

rhinitis, taste

Do not eat or drink 15 min before or after

recent stroke; pregnancy and breast

changes,

to allow nicotine absorption.

feeding†; patients <18 years;

bronchospasm

caution if asthma or reactive airways
disease or COPD
Bupropion
Zyban

150 mg PO QAM x 3 days,

7 to 12 weeks. Smoking cessation advised between Current seizure disorder; current or

Insomnia, dry

150 mg PO BID after. At

days 8 and 14. Monitor blood pressure

prior diagnosis of bulimia or anorexia

least 8 h between two

if used with NRT. Consider longer treatment

nervosa; use of another medication

skin rashes,

successive doses. In case of

for smokers who are subject to significant mood

containing bupropion such as

serious allergic

insomnia, the second dose

swings or who continue to experience strong

Wellbutrin, an antidepressant;

reactions

should not be taken as close

urges to smoke after discontinuing bupropion.

undergoing abrupt withdrawal from

to bedtime; if insomnia

Decreases weight gain while being used.

alcohol or benzodiazepines or other

persists, reduce dosage

mouth, tremors,

sedatives; known hypersensitivity to

to 150 mg every morning.

bupropion; current use of antide-

Decrease dosage with hepatic

pressants of the monamine oxidase

or renal failure.

inhibitors or thioridazine within 14 days
of discontinuation; not recommended
in patients with severe hepatic
impairment; caution in situations that
may reduce seizure threshold‡ and drug
interactions§

Varenicline
Champix

0.5 mg PO once a day for

12 weeks. Stop smoking after 7 days.

Allergy to varenicline; end-stage renal

Nausea,

days 1 to 3; 0.5 mg PO BID

Those who are still abstinent at 12 weeks

disease; in patients with severe renal

for days 4 to 7; 1.0 mg PO

may continue another 12 weeks of treatment.

impairment, the concomitant use of

dreams,

varenicline and cimetidine should be

constipation,

BID for days 8 to end of

abnormal

treatment. For patients with

avoided; pregnancy and breast

vomiting,

severe renal impairment

feeding; patients <18 years; caution

flatulence,

(CrCl <30 mL/min) dose

because of lack of experience¶; safety

xerostomia

adjustment to a maximum of

and efficacy of varenicline in combi-

0.5 mg BID is recommended.

nation with other smoking cessation

Continued on next page
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TABLE 7 – CONTINUED
Pharmacological aids to smoking cessation
Medication

Duration, use
and advantage

Dosage

Contraindications

Adverse
effects

Varenicline – continued
Champix

Because elderly patients are

therapies (ie, bupropion, NRT) have

more likely to have

not been studied. The concomitant use of

decreased renal function,

NRT with varenicline may result in

the dose should be chosen carefully and

an increase in adverse reactions.

it may be useful to monitor their
renal status. Dosing may be
reduced for patients who
experience intolerable adverse events.
*Nicotine replacement therapy (NRT) should be used with caution among particular cardiovascular patient groups: those in the immediate (within two weeks) postmyocardial infarction period, those with serious arrhythmias, and those with serious or worsening angina pectoris (119); †Many experts believe that the use of NRT
is preferable to smoking during pregnancy (119,362); ‡History of head trauma or prior seizures, central nervous system tumour, excessive use of alcohol, addiction
to opiates, cocaine or stimulants, use of over-the-counter stimulants or anorectics, diabetes treated with hypoglycemics or insulin, medications that lower the seizure
threshold (theophylline, systemic steroids, antipsychotics and antidepressants, quinolones, antimalarials, lithium, amantadine, levodopa), St John’s wort (119,121,
363-365); §See product monograph for complete list of possible drug interactions; ¶No clinical experience with patients with epilepsy, irritable bowel or other gastrointestinal problems, patients exposed to chemotherapy and, in general, patients with heart disease or chronic obstructive pulmonary disease (COPD). Since
smoking cessation can exacerbate underlying psychiatric illness, care should be taken in patients with a history of psychiatric illness. May cause dizziness and somnolence, and patients should avoid driving or operating dangerous machines until they are certain that varenicline does not affect them adversely (366). Champix –
Pfizer Canada Inc; Nicorette and Nicoderm – Johnson & Johnson Inc; Habitrol – Novartis Consumer Health Canada Inc; Wellbutrin – Biovail Pharmaceuticals;
Zyban – Biovail Pharmaceuticals. BID Twice daily; CrCl Creatinine clearance; PO By mouth; QAM Every morning

Increasing Disability and Lung Function Impairment

Mild

SABD prn
persistent
disability

Moderate

Severe

Infrequent AECOPD
(an average of
<1 per year)

Frequent AECOPD
(≥1 per year)

LAAC or LABA + SABA prn

LAAC + ICS/LABA + SABA prn

persistent disability
persistent disability

LAAC + LABA + SABA prn
LAAC + SABA prn

persistent disability

or
LABA + SABD prn

LAAC + ICS/LABA* + SABA prn

LAAC + ICS/LABA + SABA prn
±
Theophylline

Figure 6) Recommendations for optimal pharmacotherapy in chronic
obstructive pulmonary disease (COPD). *The inhaled corticosteroid/
long-acting beta2-agonist (ICS/LABA) combination with the lower
ICS dose should be used for patients with infrequent acute exacerbations of COPD (AECOPD). LAAC Long-acting anticholinergic; prn
As needed; SABA Short-acting beta2-agonist; SABD Short-acting
bronchodilator

superior bronchodilation than either drug does alone in
patients with moderate to severe disease (136,137).
• Long-acting beta2-agonists (LABAs) (ie, salmeterol
[SALM] or formoterol [FM]) offer more sustained
improvements in pulmonary function, chronic dyspnea
and quality of life than short-acting bronchodilators in
patients with moderate to severe COPD. However, the
effects of LABAs on exercise performance have been
inconsistent (138-145). In the TORCH study (see
below) (36), SALM therapy alone was not associated
with reduced mortality, but was associated with reduced
frequency and severity of exacerbations compared with
placebo.
• The long-acting anticholinergic (LAAC) tiotropium
bromide has been shown to have more sustained effects
14B

on pulmonary function, chronic activity-related
dyspnea and quality of life than regular dose
ipratropium bromide (40 µg four times daily) or placebo
in patients with moderate to severe COPD (146-149).
Tiotropium provided consistent improvements in lung
hyperinflation, exercise endurance, exacerbations and
health resource utilization, when compared with
placebo in patients with moderate to severe COPD
(79,80,150,151). When compared with LABA,
tiotropium provided marginally greater improvements
in lung function than SALM (149,152). At this time,
there is no published research comparing the long-term
effects of tiotropium versus combination therapy with
LABA and ICS. However, small short-term studies
have shown that tiotropium provided either comparable
(153) or greater (154) improvements in lung function
than the combination of LABA and ICS.
• Combined long-acting bronchodilators: two small,
short-term studies (152,155) have provided evidence
that the combination of LAAC (tiotropium) and
LABA bronchodilators (FM) may have additive
sustained effects on pulmonary function (improved
expiratory flow rates and lung hyperinflation) in
patients with moderate to severe COPD. In a recent
one-year Canadian study (156), the addition of SALM
to tiotropium in patients with more advanced COPD
was associated with consistent improvement in health
status but not with significant improvement in
spirometry or reduction in the frequency and severity of
exacerbation compared with tiotropium alone.
• Oral theophyllines are relatively weak bronchodilators,
and offer modest improvements in pulmonary function,
dyspnea and exercise performance. The addition of oral
theophyllines to inhaled bronchodilator therapy may
offer additive benefits in some patients, although the
evidence evaluating theophylline in combination with
long-acting bronchodilators is very limited (157-162).
Can Respir J Vol 14 Suppl B September 2007
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• ICS as monotherapy: short-term studies (163-166)
examining the effects of ICS on the inflammatory
process in COPD have yielded inconsistent results.
Several studies have shown that ICS did not appear to
have consistent effects on FEV1, symptoms and healthrelated quality of life (HRQL) in patients with severe
COPD (167). A study by Paggiaro et al (168) found
that in patients with chronic bronchitis and mild
airflow obstruction (who had a history of at least one
exacerbation per year for the past three years), ICS
therapy significantly reduced the severity, but not the
number, of exacerbations over this time period.
Randomized clinical trials (RCTs) have not shown any
effect on the relentless decline in lung function in
patients with mild to severe COPD (169-172) (level of
evidence: 1E). ICSs have been shown to reduce
exacerbations, although analysis of clinical trials which
failed to consider between-patient variability in the
number of exacerbations per year and failed to follow
up patients who did not complete the study (eg, because
of exacerbations) make final conclusions about clinical
efficacy difficult (173). In the TORCH study (36),
those randomized to ICS (fluticasone [FP]) alone did
not show clinically significant effects on mortality
compared to placebo. However, pulmonary function,
exacerbation frequency and health status were all
statistically improved compared with placebo therapy. It
should be noted that the effects of FP on lung function,
exacerbation frequency and health status were very
modest, and although these effects were statistically
significant compared with placebo, the clinical
significance of these small improvements seen in the
TORCH study is debatable.
• ICS/LABA combinations: two combination ICS and
LABA products are currently available in Canada: FP
plus SALM, and budesonide (BUD) plus FM. There is
scientific evidence supporting a biological rationale: the
combination of SALM/FP was associated with a
reduction in key inflammatory cells and some markers
of airway inflammation in mucosal biopsies of COPD
patients compared with placebo (174). This antiinflammatory effect of the combination therapy
(SALM/FP) was not demonstrated in mucosal biopsies
of COPD patients treated with ICS (FP) alone (175).
SALM/FP (50/250 µg twice daily) was found to have
superior effects on pulmonary function (both before
[trough] and after dosing) compared with each
component alone in patients with moderate to severe
COPD (176). A RCT (145) showed that lower dose
SALM/FP (50/250 µg twice daily) was associated with
consistent improvements in lung hyperinflation and
exercise endurance compared with placebo. While
demonstrating benefit, the prior results of six RCTs
comparing combination therapy (both SALM/FP and
FM/BUD) with the monocomponents alone did not
provide definitive conclusions with respect to relative
efficacy for a primary outcome measure of reduction in
exacerbations (177). However, two recent RCTs, the
TORCH study (36) and the Optimal Therapy study
(163), have advanced understanding in this area.
The TORCH trial (36) included 6112 patients (FEV1
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less than 60% of predicted value) in 42 countries. The
study compared combined ICS and LABA (SALM/FP)
with placebo, and ICS or LABA used alone. Mortality
for the three-year study period was assessed in all
patients (except for one missing patient), including
those patients who dropped out. Secondary outcomes
included HRQL, FEV1 and exacerbations.
The probability of all-cause mortality at three years was
15.2% in the placebo group and 12.6% in the
SALM/FP group (17% relative reduction or 2.6%
absolute risk reduction); the adjusted HR was 0.825
with a 95% CI of 0.681 to 1.002 (P=0.052), which did
not reach the prespecified statistical significance value
of P<0.05. This study also demonstrated that the
treatment with SALM/FP significantly improved
secondary outcome measures (exacerbation reduction,
improved lung function and health status) in
comparison with the placebo group. More importantly,
treatment with SALM/FP statistically reduced
exacerbation frequency, improved lung function and
improved health status compared with SALM and FP
alone.
The Optimal Therapy study (156) was a randomized,
double-blind, placebo-controlled trial that studied the
effectiveness of adding SALM or SALM/FP to therapy
with tiotropium for the treatment of patients with
moderate and severe COPD (FEV1 less than 65% of the
predicted value). Although the study did not show that
the addition of SALM/FP to tiotropium significantly
improved overall exacerbation rates (primary outcome),
significant benefits were demonstrated on secondary
outcomes (lung function, quality of life and
hospitalization rates).
Another recent study (178) demonstrated that
combination therapy with SALM/FP compared with
SALM monotherapy reduces the frequency of moderate
to severe exacerbations in patients with severe COPD.
Drug safety
Adverse effects of anticholinergics: Inhaled anticholinergic
drugs are generally well tolerated. A bitter taste is reported by
some using ipratropium. Occasional prostatic symptoms with
urinary retention have been reported. The use of wet nebulizer
solutions with a face mask can precipitate glaucoma if the drug
gets directly into the eye. In clinical trials, tiotropium has been
associated with a dry mouth in 12% to 16% of patients; however, less than 1% of patients withdrew from the trial due to this
side effect. Urinary retention occurred in 0.73% of patients taking tiotropium; urinary tract infection occurred in 7.3% of
patients taking tiotropium, compared with 5.1% of patients
taking placebo (146,147). Supraventricular tachy-arrhythmias
are reported at a rate of between 0.1% and 1% greater with
tiotropium than placebo (tiotropium bromide product monograph). Available information on the pharmacokinetics of the
LAAC tiotropium suggest that the addition of short-acting
anticholinergics (ipratropium bromide, combination ipratropium bromide and salbutamol) should not result in additional
benefits in terms of increased bronchodilation but may instead
predispose patients to significant adverse effects (179).
Adverse effects of beta2-agonists: Inhaled beta2-agonists are
generally well tolerated. The most common adverse effects
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involve the cardiovascular system and the central nervous system. Cardiovascular effects include tachycardia, palpitation
and flushing. Extrasystoles and atrial fibrillation may also be
seen. In patients with coronary artery disease, beta2-agonists
may induce angina. Central nervous system effects include irritability, sleepiness and tremor. Other adverse effects of beta2agonists may include gastrointestinal upset, nausea, diarrhea,
muscle cramps and hypokalemia (143). The TORCH study
(36) confirmed the safety of SALM therapy in patients with
moderate to severe COPD over the three-year period of the
study.
Adverse effects of ICS, alone or in combination: Adverse
effects of ICS include dysphonia and oral candidiasis (180182). ICS in doses greater than 1.5 mg/day of beclomethasone equivalent may be associated with a reduction in bone
density (183,184). Long-term high doses of ICS are associated with posterior subcapsular cataracts, and, rarely, ocular
hypertension and glaucoma (185-187). Skin bruising is also
common with high-dose exposure (169,170,172). In the
TORCH study, the probability of having pneumonia was significantly higher among patients receiving ICS compared
with placebo (19.6% in the SALM/FP group, 18.3% in the
FP group and 12.3% in the placebo group) (36). In a recent
large cohort study, a dose-related increase in the risk of pneumonia requiring hospitalization was also found among
patients using ICS (188).
Recommendations (Figure 6)
• For patients with symptoms that are only noticeable
with exertion and who have relatively little disability,
initiation of short-acting bronchodilator therapy, as
needed, is acceptable. Options would include shortacting beta2-agonists or short-acting anticholinergics,
alone or in combination. The choice of first-line
therapy in mild symptomatic COPD should be
individualized and based on clinical response and
tolerance of side effects. Some such patients may
benefit from treatment with a long-acting
bronchodilator (level of evidence: 3B).
• For patients with more persistent symptoms and
moderate to severe airflow obstruction, a long-acting
bronchodilator such as tiotropium or SALM should be
used to improve dyspnea, exercise endurance and health
status and to reduce exacerbation frequency (level of
evidence: 1A). Short-acting beta2-agonists should be
used as needed for immediate symptom relief. The panel
believed that tiotropium was an acceptable first choice
long-acting bronchodilator in this group given its
proven clinical efficacy, convenient once-daily dosing
regimen and safety profile (level of evidence: 3B).
• For patients with moderate to severe COPD with
persistent symptoms but infrequent exacerbations (less
than one per year, on average, for two consecutive
years), a combination of tiotropium 18 µg once daily
and a LABA (ie, SALM 50 µg twice daily) is
recommended to maximize bronchodilation and lung
deflation (level of evidence: 3B). Lower dose SALM/FP
(50/250 µg twice daily) could be substituted for SALM
to maximize bronchodilation in patients with persistent
dyspnea despite combined long-acting bronchodilators
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(SALM plus tiotropium) (level of evidence: 3B).
Short-acting beta2-agonists may be used as needed for
immediate symptom relief.
• For patients with moderate to severe COPD with
persistent symptoms and a history of exacerbations (one
or more per year, on average, for two consecutive years),
a combination of tiotropium plus a LABA and ICS
therapy product (eg, SALM/FP 50/500 µg twice daily or
FM/BUD 12/400 µg twice daily) is recommended to
improve bronchodilation and lung deflation, to reduce
the frequency and severity of exacerbations and to
improve health status (level of evidence 1A). Shortacting beta2-agonists may be used as needed for
immediate symptom relief.
• ICS should not be used as monotherapy in COPD and
when used should be combined with a LABA (level of
evidence: 1E).
• In patients with severe symptoms despite use of both
tiotropium and a LABA/ICS, a long-acting preparation
of oral theophylline may be tried, although monitoring
of blood levels, side effects and potential drug
interactions is necessary (level of evidence: 3B).

CASE SCENARIOS
Case 1
Case 1 is a 57-year-old woman with COPD. She complains of
dyspnea only with heavier exertion such as climbing stairs or
dancing. She is not short of breath walking on level ground.
Her FEV1 is 80% predicted post bronchodilator.
Assessment: This patient has MRC grade 2 dyspnea (mild
exertional limitation) and mild airflow obstruction.
Suggested therapy: The initiation of a rapid-onset, shortacting bronchodilator to be used as needed is suggested. The
patient should be prescribed a short-acting beta2-agonist
(eg, salbutamol) or a short-acting anticholinergic (eg, ipratropium bromide), two to three puffs every 4 h as needed, or
both, for dyspnea relief. With persistent symptoms requiring
frequent use of short-acting bronchodilators, a long-acting
bronchodilator could be added.
Case 2
Case 2 is a 67-year-old man with COPD. He complains of dyspnea when walking 50 m to 75 m on level ground at a slow
pace. He has no history of COPD exacerbations during the
past two years. His FEV1 is 55% of predicted.
Assessment: This patient has MRC grade 4 dyspnea (moderate exertional limitation) and moderate airflow obstruction.
Suggested therapy:
First step: Initiation of a long-acting anticholinergic (eg,
tiotropium) or a long-acting beta2-agonist (eg, salmeterol or
formoterol). Short-acting beta2-agonists should be used as
needed for immediate symptom relief.
Second step: If patient is still dyspneic after initiation of the
above, then a combination of two long-acting bronchodilators
is recommended to maximize symptom relief. In the event that
symptoms persist despite combining inhaled long-acting bronchodilators, consideration should be given to replacing the
LABA with lower dose LABA/ICS combination (eg,
SALM/FP or FM/BUD).
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Case 3
Case 3 is a 62-year-old woman with COPD. She complains of
dyspnea when combing her hair or getting dressed. She is
unable to walk more than 25 m because of dyspnea. She has
had three COPD exacerbations in the past two years that have
required treatment with antibiotics and/or systemic corticosteroids. Her FEV1 is 35% of predicted.
Assessment: This patient has MRC grade 5 dyspnea (severe
exertional limitation) and severe airflow obstruction.
Suggested therapy:
First step: Initiation of long-acting anticholinergic (eg,
tiotropium once daily), plus a combination LABA/ICS product (eg, SALM/FP or FM/BUD)twice daily. Short-acting
beta2-agonists should be used as needed for immediate symptom relief.
Second step: If the patient is still dyspneic after initiation of the
above, then consider adding a long-acting theophylline preparation, with monitoring of blood levels, side effects and potential drug interactions.
Oral corticosteroids
Several short-term trials have been reported over the past
50 years. A meta-analysis (189) based on 15 studies meeting
pre-established quality criteria was performed in 1991.
Improvement of at least 20% of the FEV1 from baseline was set
as the clinically meaningful difference. It was estimated that
only 10% of patients with stable COPD benefit from oral corticosteroids in the short term based on this operational definition (95% CI 18%) (190).
Adverse effects of oral steroids: The benefits of maintenance
oral corticosteroid therapy must be weighed against the risk of
adverse events. Adverse events are numerous and include
adrenal suppression, osteoporosis, cataract formation, dermal
thinning, muscle weakness, hypertension, diabetes, psychosis
and hyperadrenocorticism (191-195).
Recommendation
• Long-term treatment with oral corticosteroids should
not be used in COPD, given the absence of benefit and
the high risk of adverse systemic effects (level of evidence: 1E).

ACUTE EXACERBATIONS OF COPD (AECOPD)
AECOPD is defined as a sustained worsening of dyspnea,
cough or sputum production leading to an increase in the use
of maintenance medications and/or supplementation with
additional medications (level of evidence: 3). The term ‘sustained’ implies a change from baseline lasting 48 h or more. In
addition, exacerbations should be defined as either purulent or
nonpurulent because this is helpful in predicting the need for
antibiotic therapy (level of evidence: 2A).
Acute exacerbations are the most frequent cause of medical
visits, hospital admissions and death among patients with
COPD (196). In addition, frequent exacerbations are an important determinant of quality of life in this group of patients
(197,198) and contribute to accelerated rates of decline in lung
function (199). AECOPD are often under-recognized and
under-reported by patients, leading to prolonged periods of
symptoms and marked impairment in quality of life (200).
The average COPD patient experiences approximately two
exacerbations per year but this is highly variable and as many as
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TABLE 8
Potential preventive strategies for acute exacerbations of
chronic obstructive pulmonary disease (AECOPD)
• Smoking cessation
• Vaccinations
• Influenza (annually)
• Pneumococcal vaccine (every five to 10 years)
• Self-management education with a written action plan for AECOPD
• Regular long-acting bronchodilator therapy
•

Regular therapy with inhaled corticosteroids/long-acting beta2-agonists
combination

• Oral corticosteroid therapy for moderate to severe AECOPD
• Pulmonary rehabilitation

40% of individuals with COPD may not have any exacerbations.
Exacerbations are related to the severity of underlying airflow
obstruction: patients with a lower FEV1 have more frequent and
more severe exacerbations (201). Patients with mild to moderate
disease have a 4% short-term mortality rate if admitted to hospital (199,202), but mortality rates can be as high as 24% if patients
are admitted to an intensive care unit (ICU) with respiratory failure (203-206). In addition, this group of patients requiring ICU
admission has a one-year mortality rate as high as 46%. A significant percentage of patients requiring hospitalization for
AECOPD require subsequent readmissions because of persistent
symptoms, and experience at least a temporary decrease in their
functional abilities following discharge (203,207,208).
At least one-half of AECOPD are thought to be infectious
in nature. Many of these are initially viral in origin and the
remainder are due to bacterial infection. Other triggering factors for exacerbations include congestive heart failure, exposure to allergens and irritants (ie, cigarette smoke, dust, cold air
or pollutants) and pulmonary embolism (209).
Prevention of AECOPD (Table 8)
• Smoking cessation reduces the rate of lung function
decline and may in this manner reduce the risk for
AECOPD (63,64,210). However, direct evidence of an
association between smoking cessation and reduction in
AECOPD is not available.
• COPD patients infected with influenza have a significant
risk of requiring hospitalization. An annual influenza
vaccination reduces morbidity and mortality from the
disease by as much as 50% in the elderly and reduces the
incidence of hospitalization by as much as 39% in
patients with chronic respiratory conditions (211,212).
• The benefit of pneumococcal vaccine in COPD is less
well established. Some reports state that the vaccine has
up to a 65% efficacy in COPD patients (213), although
an effect on reducing the frequency of AECOPD has yet
to be established. A recent report (214) demonstrated a
reduction in the prevalence of community-acquired
pneumonia in a subgroup of COPD patients younger than
65 years of age who received the pneumococcal vaccine.
• A comprehensive self-management education program may
be associated with a reduction in the frequency and/or
severity of AECOPD and thereby reduce economic costs
(115,215-217).
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• There is some evidence to suggest that COPD patients
treated with LABAs or the LAAC agent tiotropium
have either fewer AECOPD or a delayed time to their
next exacerbation compared with patients receiving
either placebo or ipratropium bromide (150,151,218221).
• Chronic therapy with ICS may reduce the frequency of
AECOPD (36,169,172,219,222-226), although this
effect is not clear and has recently been questioned
(173,227,228). The TORCH study (36) demonstrated
that FP alone when administered to patients with
moderate to severe COPD was less effective than
SALM/FP combination in reducing the frequency and
severity of acute exacerbations.
• Regular therapy with the combination of SALM and FP
in the same inhaler has been demonstrated to
significantly reduce the frequency of AECOPD (a
secondary outcome in this study) by 25% compared
with placebo in patients with an FEV1 less than 60%
predicted (36). Other smaller, shorter duration studies
that have compared the effect of combined LABA/ICS
with that of placebo on exacerbations in COPD have
generally found superiority for the active treatment, but
methodological and statistical issues preclude definitive
conclusions (219,223,224,227).
• The Optimal Therapy Trial study (156) examined the
effect of combining tiotropium with SALM/FP on the
frequency of all exacerbations in patients with
advanced COPD and did not find any added benefit of
the two treatments over tiotropium therapy alone.
However, hospitalization rates were significantly
reduced in those receiving SALM/FP plus tiotropium
compared with tiotropium alone.
• Short-term therapy with oral prednisone following
emergency department treatment for AECOPD has
recently been demonstrated to reduce the likelihood of
patients relapsing with another AECOPD (229).
• Some studies have demonstrated that pulmonary
rehabilitation in patients with advanced COPD is
associated with reductions in the number of
exacerbations and hospitalizations in patients with
COPD (230-235).
• Currently, there is no evidence to support the use of
prophylactic antibiotics in the prevention of AECOPD.
Recommendations
• Annual influenza vaccination is recommended for all
COPD patients who do not have a contraindication
(level of evidence: 2A).
• Pneumococcal vaccination should be given to all
COPD patients at least once in their lives; in high-risk
patients, consideration should be given to repeating the
vaccine in five to 10 years (level of evidence: 3C).
• Patients with an FEV1 less than 60% predicted should
be considered for treatment with tiotropium with or
without a LABA (level of evidence: 1A).
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• ICSs as monotherapy should not be prescribed for the
purpose of reducing exacerbations in COPD (level of
evidence: 1E).
• Patients with an FEV1 less than 60% predicted and who
experience one or more AECOPD per year should be
considered for treatment with the combination of a
LABA and an ICS (level of evidence: 1A).
Management of acute exacerbation
Diagnostic evaluation: A complete history and physical
examination should be performed to rule out other causes for
worsening cough and dyspnea. In one recent study (236), pulmonary embolism was found in up to 25% of patients hospitalized with unexplained exacerbation and should therefore be
considered in this setting.
• Arterial blood gases should be performed in a subset of
patients who have low arterial oxygen saturations on
oximetry.
• Chest x-rays are recommended for patients presenting to
the emergency department or for admission to hospital
because they have been shown to reveal abnormalities
that lead to a change in management in 16% to 21% of
patients (237,238) (level of evidence: 2B).
• For patients presenting with purulent sputum, the role
for sputum Gram stain and culture remains undefined.
Gram stain and culture should be considered for
patients with very poor lung function, frequent
exacerbations or who have been on antibiotics in the
preceding three months (level of evidence: 3C).
• Pulmonary function tests should be performed in
patients suspected of having COPD following recovery,
if they have not previously had spirometry (level of
evidence: 3C).
Bronchodilators: Inhaled bronchodilators should be used to
improve airway function and reduce lung hyperinflation, thus
relieving dyspnea in AECOPD (level of evidence: 2A).
Combined short-acting beta2-agonist and anticholinergic
inhaled therapy is recommended in the acute situation (239242) (level of evidence: 3C). A role for initiation of therapy
with long-acting bronchodilators appears promising but there
is insufficient evidence to allow for firm recommendations at
this time (243).
Corticosteroid therapy: There is good evidence to support the
use of oral or parenteral corticosteroids in most patients with
moderate to severe AECOPD (level of evidence: 1A)
(229,244-248). The exact dose and duration of therapy should
be individualized, but treatment periods of between 10 and
14 days are recommended (level of evidence: 1A). Dosages of
30 mg to 40 mg of prednisone equivalent per day are suggested
(level of evidence: 1A). Hyperglycemia is associated with
poorer outcomes in patients admitted with AECOPD (249), so
the risks and benefits of corticosteroid therapy must be considered in individual patients.
Antibiotics: Several randomized, placebo-controlled trials of
antibiotic therapy have been performed in AECOPD (250258). Based on the results of these studies, it is recognized that
antibiotics are beneficial in the treatment of more severe purulent AECOPD (259) (level of evidence: 1A). In the smaller
subset of patients who produce only mucoid (white or clear)
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TABLE 9
Antibiotic treatment recommendations for purulent acute exacerbations of chronic obstructive pulmonary disease (COPD)
Group

Basic clinical state

Simple

COPD without risk factors Increased cough and sputum,

Complicated COPD with risk factors

Symptoms and risk factors

Probable pathogens

First choice

Haemophilus influenzae,

Amoxicillin, doxycycline, trimethoprim/

sputum purulence, and

Haemophilus species,

sulfamethoxazole, second- or third-

increased dyspnea

Moraxella catarrhalis,

generation cephalosporins, extended-

Streptococcus pneumoniae

spectrum macrolides

As in simple plus at least one of:

As in simple plus:

• FEV1 <50% predicted

Klebsiella species and other

• ≥4 exacerbations per year
• Ischemic heart disease
• Use of home oxygen

Gram-negatives
Increased probability of

Beta-lactam/beta-lactamase inhibitor;
fluoroquinolone (antibiotics for
uncomplicated patients when
combined with oral steroids may suffice)

beta-lactam resistance

• Chronic oral corticosteroid use
• Antibiotic use in the past three months
FEV1 Forced expiratory volume in 1 s

sputum during AECOPD, recovery usually occurs without
antibiotics (260). Novel indicators of bacterial infection, such
as serum procalcitonin, may soon help guide decisions regarding the need for antibiotic therapy (261).
Patients can be divided into two groups – simple or complicated exacerbations – based on the presence of risk factors that
either increase the likelihood of treatment failure or are more
likely to be associated with more virulent or resistant microbial
pathogens (level of evidence: 3C) (Table 9). This approach to
management of AECOPD has not been formally evaluated in
clinical studies but nevertheless was considered to be a useful
practical management guide by the Panel.
Recommendation
• Antibiotics should be considered for use in patients
with purulent exacerbations (level of evidence: 1A).

PULMONARY REHABILITATION
Benefits of pulmonary rehabilitation
Pulmonary rehabilitation is the most effective therapeutic
strategy for improving dyspnea, exercise endurance (Figure 7)
and quality of life compared with standard care (262,263).
These improvements in dyspnea and exercise performance are
largely attributable to the exercise training component of the
rehabilitation program (264,265), because education alone has
no effect on these parameters (114,266). Psychosocial support
in the rehabilitation setting is also a key contributor to the
success of such programs. No clinical trials have been designed
and powered to study the impact of pulmonary rehabilitation
on mortality. However, participation in a pulmonary rehabilitation program incorporating exercise training is associated
with a trend toward reduced mortality rate compared with
standard care alone (114,232).
Exercise training modality
Evidence from several randomized, controlled trials is available to support the use of a lower extremity aerobic exercise
training regimen for patients with COPD to improve exercise
capacity, dyspnea and quality of life (263) (level of evidence:
1A). Incorporating strengthening exercises into the training
regimen is also recommended. Compared with placebo, greater
improvement in peripheral muscle strength and endurance,
submaximal exercise capacity and quality of life have been
Can Respir J Vol 14 Suppl B September 2007

Figure 7) The effect of exercise training on 6 minute walk distance in
chronic obstructive pulmonary disease (n=669) as summarized in the
meta-analysis of Lacasse et al (263)

shown with strength exercises in patients with COPD and a
wide range of disease severity (267-269) (level of evidence:
1A). These benefits of strength training can be obtained in a
safe and well-accepted manner by the participants (267-269).
The gains in muscle strength are greater with muscle training
than with endurance training (270-272), while the gain in
endurance to constant workrate exercise are greater with
endurance training compared with strength training alone
(271,273). Based on this, combining aerobic and strength
training would appear to be an optimal rehabilitation strategy
in patients with COPD (270-272). Whether the addition of
strength training to endurance training translates into further improvement in exercise tolerance or quality of life has
not been confirmed (270-272).
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The development of innovative ways to improve tolerance
to high-intensity training is the subject of intense research.
Different techniques such as interval training (274,275), noninvasive ventilation (276,277), oxygen (278,279), heliox
(280), and anabolic supplementation (281) have been used.
Neuromuscular electrostimulation training has also been
introduced as a possible rehabilitative strategy in patients
with COPD (282-285). High-intensity training is associated
with better physiological outcomes (278,286,287). However,
these greater physiological benefits do not automatically
translate into larger gains in quality of life and other relevant
clinical outcomes (278,287). Further research is necessary to
determine the optimal training intensity in patients with
COPD.
Rehabilitation following AECOPD
Recent randomized controlled trials with long-term follow-up
of patients after rehabilitation have shown a trend toward
decreased hospital days, fewer exacerbations and more efficient
primary care use (114,230-232). A recent meta-analysis (288)
showed evidence from six RCTs that pulmonary rehabilitation
is effective in COPD patients after acute exacerbations: risk for
hospital admissions and mortality were reduced; and HRQL
and exercise capacity were improved.
Long-term effects of pulmonary rehabilitation
The benefits of pulmonary rehabilitation (improved dyspnea,
activity level and quality of life) are usually sustained for several months after the end of an exercise program (114,230,289292). However, initial improvement in these parameters is
progressively lost after stopping exercise, highlighting the
importance of incorporating a carefully supervised maintenance exercise program. AECOPD are recognized as having a
negative influence on exercise maintenance programs in this
population.
Access to pulmonary rehabilitation programs
Despite the proven benefits of pulmonary rehabilitation, a
recent national survey revealed that only 98 programs exist in
Canada. These programs combined have a capacity to serve
only approximately 1.2% of the COPD population in Canada.
Regional disparity in access to pulmonary rehabilitation was
also highlighted in the survey: most programs were located in
Ontario and Quebec, whereas some provinces (eg,
Newfoundland, Prince Edward Island) had none (293).
Strategies should be developed to improve availability of pulmonary rehabilitation at a lower cost. In this regard, selfmonitored home-based rehabilitation is a promising approach
(294).
Who to refer to pulmonary rehabilitation
Criteria for referral to a pulmonary rehabilitation program
include: clinically stable, symptomatic COPD; reduced activity
levels and increased dyspnea despite pharmacological treatment; no evidence of active ischemic, musculoskeletal, psychiatric or other systemic disease; and sufficient motivation for
participation. In North America, most patients enter rehabilitation at this late stage of their disease. Exercise training is too
often considered as a last resort therapeutic modality; to minimize the consequences of COPD, it would be advisable to consider pulmonary rehabilitation as early as possible in the
natural evolution of the disease.
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Cost-effectiveness of pulmonary rehabilitation
The cost-effectiveness of pulmonary rehabilitation added to
standard care has been compared with that of standard care
alone in two large controlled, randomized clinical trials
(295,296). The direct and indirect costs related to healthcare delivery (including the cost related to the rehabilitation
program) were compared in the two treatment arms. The
general conclusion of these studies is that: the extra expenses
associated with pulmonary rehabilitation are completely offset by the reduction in health care utilization costs; the costeffectiveness profile is better for outpatient than inpatient
pulmonary rehabilitation; and pulmonary rehabilitation is
highly cost-effective compared with many other interventions incorporated into routine clinical practice, such as hip
replacement, coronary artery bypass graft and hemodialysis.
This important information should spur the implementation
of pulmonary rehabilitation in a broader basis across the
country.
Recommendations
• All patients should be encouraged to maintain an active
lifestyle and be cautioned about the negative consequences of prolonged inactivity in this disease (level of
evidence: 3A).
• Clinically stable patients who remain dyspneic and limited in their exercise capacity despite optimal pharmacotherapy should be referred for supervised pulmonary
rehabilitation (level of evidence: 1A).
• An urgent need exists to increase access to pulmonary rehabilitation programs across Canada (level of evidence: 2A).

OXYGEN THERAPY FOR COPD
The survival benefit of domiciliary oxygen has been documented by two large, randomized, controlled trials: the MRC
and the Nocturnal Oxygen Therapy study groups (297,298).
Both studies were conducted in hypoxemic COPD patients
(with a partial pressure of arterial oxygen [PaO2] 60 mmHg or
less), most of whom were male. Taken together, these trials
demonstrated that the benefits from long-term oxygen therapy
(LTOT) are dose-dependent: the longer the exposure to supplemental oxygen, the larger the benefits in terms of survival.
Recommendation
• Long-term continuous oxygen (15 h/day or more to
achieve a saturation of 90% or greater) should be offered
to patients with stable COPD with severe hypoxemia (PaO2
55 mmHg or less), or when PaO2 is less than 60 mmHg in
the presence of bilateral ankle edema, cor pulmonale or a
hematocrit of greater than 56% (level of evidence: 1A).
Nocturnal oxygen
Nocturnal oxygen desaturation in COPD has been suggested to
increase mortality (299,300). It has also been associated with
poor sleep quality as indicated by reduced sleep time, increased
sleep stage changes and increased arousal frequency (301). In
two clinical trials (299,300) and in a subsequent meta-analysis
(302), nocturnal oxygen therapy was not shown to increase survival in COPD patients with ‘isolated’ nocturnal oxygen desaturation. It also has not been shown to be consistently effective in
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TABLE 10
Patient selection for noninvasive ventilation
Criteria suggesting benefit

Criteria suggesting lack of benefit

Contraindications

Respiratory distress

Milder exacerbations

Respiratory arrest

Respiratory rate >25 breaths/min
Use of accessory muscles
Respiratory acidosis
pH <7.35
PaCO2 >45 mmHg

pH >7.35
Mild respiratory distress
Very severe exacerbations

Hemodynamic instability

pH <7.20
Somnolence
Lack of response to NPPV

Recent facial or gastroesophageal surgery

Increase or no change in respiratory rate
Decrease or no change in pH
Excessive secretions

Craniofacial trauma, fixed nasopharyngeal
abnormalities, coma

NPPV Noninvasive positive pressure ventilation; PaCO2 Partial pressure of arterial carbon dioxide

improving sleep quality in these patients (300,303,304).
Moreover, because obstructive sleep apnea is common, there is a
high likelihood that a few patients will have both conditions.
Recommendation
• There is currently no evidence to support the use of
nocturnal oxygen to improve survival, sleep quality or
quality of life in patients with isolated nocturnal desaturation (level of evidence: 1C).
Ambulatory oxygen
Moderate hyperoxia during submaximal exercise testing
increases exercise time, reduces exercise minute ventilation
and dynamic lung hyperinflation, and may delay respiratory
muscle dysfunction in patients with moderate to severe COPD
(305-307). A number of recent short-term mechanistic studies
have demonstrated that hyperoxia, either alone or combined
with helium or bronchodilators, is associated with large
improvements in exercise endurance and exertional dyspnea
in patients without significant arterial oxygen desaturation
(308-311). The acute improvements with hyperoxia are
approximately double those achieved with bronchodilators
alone; bronchodilators and hyperoxia have additive effects
on dyspnea and exercise endurance (308). However, most
patients do not benefit from ambulatory oxygen despite the
acute benefits of oxygen therapy on exercise tolerance.
Ambulatory oxygen has been used in patients with COPD
with isolated exercise-induced oxygen desaturation and in
patients with COPD with resting hypoxemia qualifying for
LTOT. Studies performed in the former subset of patients
demonstrate that the impact of ambulatory oxygen on quality of
life and exercise is modest and not clinically important (312314). Similar conclusions have been reached in patients qualifying for LTOT (315,316). Occasional responders to ambulatory
oxygen have been reported (313,314). However, identification
of these patients is a challenge because the long-term response
to ambulatory oxygen cannot be predicted from the acute exercise response to oxygen (313,316).
Recommendation
• Current evidence does not justify the widespread
provision of ambulatory oxygen to patients with COPD
(level of evidence: 1C).
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NONINVASIVE POSITIVE PRESSURE
VENTILATION
Numerous randomized controlled trials and a recent systematic
review support the benefit of noninvasive positive pressure
ventilation (NPPV) in the setting of AECOPD (317-327).
However, not all patients with COPD exacerbations benefit
from NPPV (320,328-330) (Table 10). A combined nasal/oral
(full face) mask is preferable and has been shown to be more
comfortable (331).
Patients with advanced COPD who have been designated
as Do Not Rescuscitate or Do Not Intubate can still be considered for NPPV: three studies suggest that hospital survival
rates range from 50% to 60% in these patients (332-334).
However, one-year survival of these patients may be as low
as 30%, and one-third of these patients are likely to require
rehospitalization.
A large RCT on the use of NPPV in patients with
AECOPD treated on a respiratory ward rather than the ICU
reported a reduction in mortality for the group treated with
NPPV for both those with severe (pH less than 7.3) or less
severe exacerbations (326). However, the mortality rate of the
severe subgroup of patients treated on the ward with NPPV
was higher than that reported in the literature for apparently
similar patients treated in the ICU. As such, in patients with
severe COPD exacerbations, NPPV should be initiated in a
setting that provides adequate cardiopulmonary monitoring
and personnel skilled at endotracheal intubation and invasive
mechanical ventilation, should the patient fail NPPV (level of
evidence: 2B).
A recent paper (335) concluded that there was insufficient
evidence to recommend the use of NPPV in hypercapnic
patients with stable COPD (ie, patients who are not currently
exacerbating).
Recommendations
• NPPV should be considered in patients presenting with
a severe exacerbation of COPD (pH less than 7.3)
(level of evidence: 1A).
• Patients with milder exacerbations do not benefit from
NPPV.
• NPPV should be administered in a setting that allows
close cardiopulmonary monitoring and access to
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TABLE 11
Selection criteria for lung volume reduction surgery
Indications

Contraindications

Disability from emphysema (not from bronchitis or asthma) despite

Comorbid disease (ie, with risk of life expectancy less than two years)
Severe obesity (body mass index >31.1 kg/m2 in men and >32.3 kg/m2 in

maximal medical treatment
Absence of clinically significant bronchiectasis and absence of
high daily sputum production

women) or cachexia
Severe coronary artery disease or other significant cardiac disorder

Abstinence from smoking for more than four months

Giant bulla ≥1/3 of lung in which bull is located

FEV1 ≤45% predicted

Oxygen requirement >6 L/min to maintain saturation ≥90%

TLC ≥100% predicted

Extensive pleural symphysis, eg, from pleural disease or previous chest surgery

RV ≥150% predicted

Prednisone daily use of >20 mg

Upper lobe-predominant emphysema (heterogeneous emphysema)

PaCO2 >60 mmHg or PaO2 <45 mmHg on room air

6 minute walk distance >140 m

PAP ≥35 mmHg (mean)
FEV1 ≤20% predicted and homogeneous distribution or DLCO ≤20% predicted

DLCO Diffusing capacity of the lung for carbon monoxide; FEV1 Forced expiratory volume in 1 s; PaCO2 Partial pressure of arterial carbon dioxide; PaO2 Partial
pressure of arterial oxygen; PAP Pulmonary arterial pressure; RV Residual volume; TLC Total lung capacity

personnel skilled at endotracheal intubation and
invasive mechanical ventilation (level of evidence:
1A).
• NPPV is not indicated for patients who have had a
respiratory arrest, who have hemodynamic instability,
who are at high risk for aspiration, who have impaired
mental status or who are otherwise unable to cooperate
(level of evidence: 1E).
• NPPV for stable COPD patients with chronic
hypercapnia is not currently recommended (level of
evidence: 1C).

SURGERY
LVRS
Six randomized clinical trials have all reported better outcomes in the surgical arms three to 12 months after surgery
(336-341). However, these trials did not include large numbers
of patients (n=37 to n=60). The results of larger trials with
longer duration of follow-up are now available: the National
Emphysema Treatment Trial (NETT) (342), the Overholt
Blue-Cross Emphysema Surgery Trial (OBEST) (343) and the
Canadian Lung Volume Reduction Trial (CLVRT) (344). The
NETT initially established a subgroup of patients with emphysema who are harmed by LVRS (345) (level of evidence: 1E).
Patients with an FEV1 less than 20% predicted and either
homogeneous distribution emphysema or a diffusing capacity
of no more than 20% predicted have higher mortality rates if
they undergo LVRS.
Recent larger trials have reported improved FEV1 and
reduced lung volumes, improved HRQL and increased exercise capacity after two years in patients randomized to LVRS.
Long-term (median 4.3 years) follow-up is now available
from the NETT (346). The surgical arm showed a survival
advantage with a five-year risk ratio for death of 0.86
(P=0.02) relative to medically treated patients.
Improvements in maximal exercise and HRQL were maintained for three and four years, respectively. As in the twoyear results, patients with upper lobe-predominant
emphysema and low exercise capacity (less than 40 W) had
the best results, with a five-year risk ratio for death of 0.67
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(P=0.003). Upper lobe-predominant emphysema with high
exercise capacity had no survival advantage but did show sustained improvements in exercise capacity and HRQL.
The Panel considers this new information to be supportive
of LVRS as a potentially effective option for management of
advanced COPD (level of evidence: 1A) in patients who meet
the carefully designed criteria defined by these studies (Table 11).
However, the procedure is expensive, with estimates of
$120,000 per quality-adjusted life year gained (343,347), and
its adoption should be balanced against the available resources.
Recent innovations that use the knowledge gained from LVRS,
such as bronchial lung volume reduction (348), may well be
more cost-effective but an RCT is required before any recommendation can be made.
Lung transplantation for COPD
Lung transplantation is an excellent option for certain carefully
selected patients with advanced COPD (level of evidence: 3A).
Over 12,000 lung transplants have been performed to date, with
COPD accounting for 60% and 30% of the single and bilateral
procedures, respectively (349). Anticipated survival rates following lung transplantation for all disease states are in the range
of 75% at one year and 50% at five years (349). However, recipients with COPD appear to have better outcomes than those
with other conditions (level of evidence: 3B). Chronic graft dysfunction associated with obliterative bronchiolitis, thought to
be a manifestation of chronic rejection, is the major complication affecting long-term morbidity and mortality, and is present
in at least one-half of long-term survivors (350). The latest
guidelines from the International Society for Heart and Lung
Transplantation suggest that patients with COPD should be
referred when they have a BODE score of five (351).
Recommendation
• Patients with COPD are considered to be potentially in
the transplant window if they meet at least one of the
following criteria: FEV1 less than 25% predicted (without
reversibility), partial pressure of arterial carbon dioxide
greater than 55 mmHg or elevated pulmonary artery
pressures with progressive deterioration (eg, cor
pulmonale) (level of evidence: 3B).
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AAT DEFICIENCY
The CTS has published detailed guidelines on the assessment
and management of AAT deficiency (352).
Recommendation
• The Panel recommends restricting the option for AAT
replacement therapy to AAT-deficient patients with an
FEV1 greater than 35% and less than 65% predicted
who have quit smoking and are on optimal medical
therapy yet continue to show a rapid decline in FEV1
(greater than 80 mL/year or greater) (353) (level of evidence: 2C).

TABLE 12
Agents used to manage symptoms related to chronic
obstructive pulmonary disease at the end of life
Indication

Drug

Dyspnea

Morphine

Commonly used dosage

Oral

5 mg to 10 mg q4h

Per rectum

5 mg to 10 mg q4h

IV, SC or IM

Titrate to relieve dyspnea

Nebulized

5 mg in 2 mL normal saline
q4h with hand-held nebulizer

Benzodiazepines
Lorazepam, oral,

1 mg to 2 mg q1–4h

sublingual, IV

END-OF-LIFE ISSUES IN COPD
The Panel believes that we need to improve our understanding
of patients’ experiences and needs through well-timed, honest,
informative and empathetic, yet realistic, conversations that
can form the basis of effective advanced care planning.
Discussions about end-of-life issues often occur too late, are
held in inappropriate settings (such as the ICU) and do not
meet the expectations of patients (354). Patients with features
of advanced disease that increase the likelihood of death from
an episode of acute exacerbation should be targeted for discussions regarding end-of-life care preferences during outpatient
visits. These features of advanced disease can be summarized in
a global score (eg, the BODE index [108]) or identified individually as severe airflow obstruction (eg, FEV1 less than 40%
predicted), poor functional status (eg, MRC 4 to 5), poor
nutritional status (eg, body mass index less than 19 kg/m2) and
recurrent severe acute exacerbations requiring hospitalization
(355,356).
The quality of life of patients with advanced COPD is often
poor. Many patients with advanced COPD rate their quality of
life as worse than that of patients who have survived cardiopulmonary resuscitation or living with inoperable lung cancer (357,358). The emotional consequences of severe COPD
include anxiety, fear, panic and depression. These psychological factors can impose an additional barrier to effective symptom control (359,360), further reduce quality of life and
require pharmacological and nonpharmacological treatment
strategies for effective management.
Caregiver burden is a major concern to patients with
advanced COPD (361). Few studies have adequately evaluated
this aspect of the disease, partly due to a lack of validated
instruments to measure caregiver burden in COPD.

Diazepam, oral, IV

2.5 mg to 25 mg daily

Midazolam, SC

5 mg to 10 mg SC, then
10 mg to 30 mg continuous
SC infusion for two days

Other
Chlorpromazine, IV

12.5 mg IV q4–6h

Chlorpromazine, per rectum 25 mg q4–6h
Cough

Opioids
Codeine, oral

30 mg to 60 mg q4h

Morphine, IV

2.5 mg to 5 mg q4h

Inhaled anesthetics
Bupivacaine, 0.25%
Retained
secretions

5 mg q4–6h

Anticholinergic agents
Scopolamine, SC

0.4 mg to 0.6 mg q4–6h

Scopolamine,

1.5 mg q72h

transdermal patch
Hyoscyamine, SC

0.25 mg to 0.5 mg q4–6h

Atropine, SC

0.4 mg q4–6h

IM Intramuscular; IV Intravenous; q Every; SC Subcutaneous

• Noninvasive ventilation may be effective (with likely
reversible causes of acute respiratory failure) and may
also provide some symptom relief in COPD patients
who otherwise would not accept intubation and
mechanical ventilation (326). However, further studies
are required to establish the role of noninvasive
ventilation in the palliative care setting.
Recommendations

Symptom control
• It is reasonable to optimize and maximize
bronchodilator therapy in dyspneic patients in the final
phases of their illness.

• COPD patients should be encouraged to articulate to
their physicians and caregivers a desire for information
about their disease, prognosis and the possible circumstances of their death (level of evidence: 2A).

• The role of oxygen in the palliation of dyspnea in
mildly hypoxic, advanced COPD has not been
adequately investigated. Without further study, the
routine use of oxygen for dyspnea palliation in
COPD patients without severe hypoxia cannot be
justified.

• COPD patients who are at an increased risk of dying in
the near future should benefit most from timely discussions
about end-of-life issues (level of evidence: 2A).

• Opioids remain the most effective dyspnea-relieving
medications in end-of-life care (Table 12).
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