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1. Introduction

1.1. Background

This project, to update the position papers on chronic obstructive pulmonary disease (COPD)
published by the American Thoracic Society (ATS) and the European Respiratory Society
(ERS) in 1995 [1, 2], is sponsored by both societies, who have agreed to develop a document
entitled “Standards for the diagnosis and treatment of patients with chronic obstructive

pulmonary disease”. It was felt that the document needed updating due to the following.

e The prevalence and overall importance of COPD as a health problem is increasing.

e There have been enough advances in the field to require an update, especially in the
area of therapeutics.

e It allows for the creation of a “live” modular document based on the web and it should
provide healthcare professionals and patients with a user friendly and reliable
authoritative source of information.

e The care of COPD should be comprehensive, is often multidisciplinary and rapidly

changing.
This document aims to fulfil all these needs.

Both societies acknowledge the recent dissemination of the Global Initiative of Obstructive
Lung Disease (GOLD) [3] as a major worldwide contribution to the battle against COPD.
However, the specific requirements of the members of both societies require adaptation of the
broad GOLD initiative. Those requirements include specific recommendations on oxygen
therapy, pulmonary rehabilitation, non-invasive ventilation, surgery in and for COPD, sleep,
air travel, and end-of-life. In addition, a special emphasis has been placed on issues related to

the habit of smoking and its control.
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1.2. Goals and objectives

This is an international consensus statement sponsored by the ATS and ERS. The main goals
are to improve the quality of care provided to patients with COPD and to develop the project
using a disease-oriented approach. To achieve these goals, both organisations have agreed to

develop a modular electronic web-based document with two components.

1. A component for health professionals, that intends to:
e raise awareness of COPD
e inform on the latest advances in the overall pathogenesis, diagnosis, monitoring and
management of COPD

e promote the concept that COPD is a treatable disease.

2. A component for the patient that intends to:
e provide practical information on all aspects of COPD

e promote a healthy lifestyle to all patients afflicted with the disease.

1.3. Participants

The committee members are clinicians, nurses, respiratory therapists and educators interested
in the field of COPD. The document is unique in that it also had input from patients suffering
from COPD. The committee members were proposed and approved by the ATS and ERS. The
members were selected because of their expertise and willingness to participate in the
generation of the document. A unique feature of this project was the development of a patient
document that could serve as a formal source of information for the patients, thereby making

them partners in the effort to decrease the burden of the disease.

A list of the chapters in this document and the contributors to these chapters are listed below.
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Introduction

B.R. Celli, W. MacNee
Definition, diagnosis and staging

B.R. Celli, R. Pauwels, G.L. Snider
Epidemiology, risk factors and natural history

J. Vestbo, A.S. Buist
Pathology, pathogenesis and pathophysiology

W. MacNee , A. Agusti, J.C. Hogg, R. Rodriguez-Roisin
Clinical assessment, testing and differential diagnosis

N. Siafakas, B.R. Celli
Management of stable COPD: smoking cessation

S. Rennard, W. Bailey, M.E. Wewers, M. Fiore, M. Myramoto
Management of stable COPD: pharmacological therapy
P. Calverley, N. Gross, J. van Noord
Management of stable COPD: long-term oxygen therapy
B.L. Tiep, R. Carter, L. Hoffman, J. Zielinski
Management of stable COPD: pulmonary rehabilitation
E.F.M. Wouters, R. ZuWallack, S.C. Lareau
Management of stable COPD: nutrition
E.F.M. Wouters, A.M.W.J. Schols
Management of stable COPD: surgery in and for COPD
F.J. Martinez, C. Bolliger, M. Estenne, R.M. Kotloff, J.B. Orens, J.J. Reilly, W. Weder, .M.
Weisman, R.D. Yusen
Management of stable COPD: sleep
W. McNicholas, W MacNee, B.R Celli
Management of stable COPD: air travel
B. Berg, T. Dillard, B.R. Celli
Exacerbation: definition, evaluation and treatment
A. Fein, A. Anzueto, R. Grossman
Exacerbation: inpatient oxygen therapy

B.L. Tiep, R. Carter, L. Hoffman, J. Zielinski

4 of 222



5 of 222

Exacerbation: assisted ventilation

A. Rossi, B.R Celli,W.MacNee
Ethical and palliative care issues

J. Heffner, N.H. Chavannes, E.-W. Ely, N.M. Lazar, J. Lynn, L. Sicilian
Integrated disease management

N.H. Chavannes, S.C. Lareau, B.L. Tiep, J.W.M. Muris

Patient section
P. Meek, S.C. Lareau, B. Fahy, E. Austegard, A.A. Silverthorn, N.L. Specht, D. Upson, K.
Busby, C. Werpy, S. Nicolaisen, R. Andens, T. Weller, C. Hernandez. In addition, patients
from Loma Linda VA Hospital (Loma Linda, California, USA); St Joseph’s Hospital
(Tucson, Arizona, USA); St. Joseph’s Hospital and Medical Center (Phoenix, Arizona,
USA); patients from Tucson, Arizona, USA; patients of B Celli, Boston, Massachusetts,
USA,; patients of W. MacNee, Edinburgh, Scotland; as well as J. Walsh, President and CEO

Alpha One Foundation, USA, reviewed this section.

Web Design
ERS: A. Agusti
ATS: B. Tiep

1.4. Evidence and methodology

Several well-accepted guidelines served as the blueprint for this document. Namely, the ATS
and the ERS Standards of 1995 and the GOLD initiative published in 2001. At the initial
meeting, each member of the subcommittees was assigned a specific section of the document,
and was asked to select a subcommittee to gather literature and review the existing evidence.
Several of the basic source documents reviewed have used an evidence-based approach, and
the committee utilised those references as a source of evidence wherever appropriate. The final
document was discussed in four group meetings, and the content and validity of each section
was thoroughly reviewed. The final statement is the product of those discussions and has been

approved by all the members of the committee.
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1.5. Validation

The draft document was reviewed by a diverse group of experts whose input was also
considered. Peer review was identified by the ATS and ERS, and the final document was
submitted for review and approval by the board of directors of the ATS and the Executive

Committee of the ERS.

1.6. Organisation of the document
Introduction

Definition, diagnosis and staging
Epidemiology, risk factors and natural history

Pathology, pathogenesis and pathophysiology

A e

Clinical assessment, testing and differential diagnosis
Management of stable COPD
6. Smoking cessation
7. Pharmacological therapy
8. Long-term oxygen therapy
9. Pulmonary rehabilitation
10. Nutrition
11. Surgery in and for COPD
12. Sleep
13. Air travel
Exacerbation
14. Definition, evaluation and treatment
15. Inpatient oxygen therapy
16. Assisted ventilation
17. Ethical and palliative care issues
18. Integrated disease management
Patient section
19. General
20. Medication

21. Other treatments
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2. Definition, diagnosis and staging
2.1. Key points

e Chronic obstructive pulmonary disease (COPD) is characterised by airflow limitation.
e The diagnosis is confirmed with spirometry.

e Assessment of COPD severity is performed using spirometry, dyspnoea and body mass

index (BMI).

2.2. Definitions

Chronic obstructive pulmonary disease (COPD) is a preventable and treatable disease state

characterised by airflow limitation that is not fully reversible.

The airflow limitation is usually progressive and is associated with an abnormal inflammatory

response of the lungs to noxious particles or gases, primarily caused by cigarette smoking.

Although COPD affects the lungs, it also produces significant systemic consequences.

Chronic bronchitis is defined clinically as chronic productive cough for 3 months in each of 2
successive years in a patient in whom other causes of productive chronic cough have been

excluded [1].
Emphysema is defined pathologically as the presence of permanent enlargement of the
airspaces distal to the terminal bronchioles, accompanied by destruction of their walls and

without obvious fibrosis [2].

In patients with COPD either of those conditions may be present. However, the relative

contribution of each to the disease process is often difficult to discern.

Asthma differs from COPD in its pathogenic and therapeutic response, and should therefore be

considered a different clinical entity [3]. However, some patients with asthma develop poorly
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reversible airflow limitation. These patients are indistinguishable from patients with COPD but

for practical purposes are treated as asthma.

The high prevalence of asthma and COPD in the general population results in the co-existence
of both disease entities in many individuals. This is characterised by significant airflow
limitation and a large response to bronchodilators. In these patients, the forced expiratory
volume in one second (FEV1) does not return to normal and frequently worsens over time.
There is a great need to design studies aimed at determining the prevalence, natural history,

clinical course and therapeutic response in these patients.

Other conditions: poorly reversible airflow limitation associated with bronchiectasis, cystic
fibrosis and fibrosis due to tuberculosis are not included in the definition of COPD and should

be considered in its differential diagnosis.

All patients with a family history of respiratory illnesses, patients presenting with airflow
limitation at a relatively early age (4th or 5th decade) should be tested for o;-antyripsin

deficiency.

2.3. Diagnosis

Diagnosis of COPD should be considered in any patient who has the following:
e symptoms of cough
e sputum production or
e dyspnoea or

e history of exposure to risk factors for the disease.

The diagnosis requires spirometry; post-bronchodilator FEV1/forced vital capacity <0.7

confirms the presence of airflow limitation that is not fully reversible.
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Spirometry should be obtained in all persons with the following history:
e exposure to cigarettes and/or environmental or occupational pollutants
e family history of chronic respiratory illness

e presence of cough, sputum production or dyspnoea.

2.4. Spirometric classification

Table 1. — Spirometric general classification

Severity Postbronchodilator FEV1 % predicted
FEV1/FVC
At risk >0.7 >80

Patients who:
smoke or have exposure to pollutants
have cough, sputum or dyspnea

have family history of respiratory disease

Mild COPD <0.7 >80
Moderate COPD <0.7 50-80
Severe COPD <0.7 30-50
Very severe COPD <0.7 <30

FEV1: forced expiratory volume in one second; FVC: forced vital capacity.

Spirometric classification has proved useful in predicting health status [4], utilisation of
healthcare resources [5], development of exacerbation [6, 7] and mortality [8] in COPD. It is
intended to be applicable to populations [9] and not to substitute clinical judgment in the

evaluation of the severity of disease in individual patients.
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2.5. Assessment of severity: staging

It is accepted that a single measurement of FEV1 incompletely represents the complex clinical
consequences of COPD because: 1) many patients are practically asymptomatic; 2) persistant
cough and sputum production often precede the development of airflow limitation [3] and, in
others, the first symptom may be the development of dyspnoea with previously tolerated
activities; and 3) in the clinical course of the disease, systemic consequences, such as weight

loss [10, 11], and peripheral muscle wasting and dysfunction [12, 13], may develop.

Due to these and other factors, a staging system that could offer a composite picture of disease
severity is highly desirable, although it is currently unavailable. However, spirometric
classification is useful in predicting outcomes such as health status and mortality, and should
be evaluated. In addition to the FEV1, the BMI [10, 11] and dyspnoea [14] have proved useful
in predicting outcomes such as survival and this document recommends that they be evaluated

in all patients.

BMI is easily obtained by dividing the weight (in kg) over the height (in m?).

Values <21 kg~m'2 are associated with increased mortality.

Functional dyspnoea can be assessed by the Medical Research Council dyspnoea scale.

0 not troubled with breathlessness except with strenuous exercise.

1 troubled by shortness of breath when hurrying or walking up a slight hill.

2 walks slower than people of the same age due to breathlessness or has to stop for breath
when walking at own pace on the level.

3 stops for breath after walking ~100 m or after a few minutes on the level.

4 too breathless to leave the house or breathless when dressing or undressing.
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3. Epidemiology, risk factors and natural history

3.1.

3.2

3.2.1.

Key points

Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and
mortality worldwide, and results in an economic and social burden that is both

substantial and increasing.

Prevalence and morbidity data greatly underestimate the total burden of COPD because
the disease is usually not diagnosed until it is clinically apparent and moderately
advanced.

In people aged 25-75 yrs in the USA, the estimated prevalence of mild COPD (defined
as forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) <70%
and FEV1 >80% predicted) was 6.9% and of moderate COPD (defined as FEV1/FVC
<79% and FEV1 <80% predicted) was 6.6%, according to the National Health and
Nutrition Examination Survey (NHANES).

COPD is the fourth leading cause of death in the USA and Europe, and COPD

mortality in females has more than doubled over the last 20 yrs.

COPD is a more costly disease than asthma and, depending on country, 50-75% of the

costs are for services associated with exacerbations.

Tobacco smoke is by far the most important risk factor for COPD worldwide.
Other important risk factors are occupational exposures, socioeconomic status and

genetic predisposition.

Epidemiology

Prevalence

Estimates of the prevalence of COPD depend on the definition and criteria used. Estimates

based on the presence of airflow limitation are the most accurate, since symptoms and self-

report or clinician diagnosis lack sensitivity and specificity.
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A postbronchodilator FEV1/FVC <70%, in combination with an FEV1 <80% pred, in an
individual with cough, sputum production or dyspnoea and exposure to risk factors confirms

the diagnosis [1].

The best prevalence data available at present come from the third NHANES (NHANES III), a
large national survey conducted in the USA between 1988 and 1994. In the USA, for those
aged 25-75 yrs, the estimated prevalence of mild COPD (defined as FEV1/FVC <70% and
FEV1 >80% predicted) was 6.9% and of moderate COPD (defined as FEV1/FVC <70% and
FEV1 <80% predicted) was 6.6%. The prevalence of both mild and moderate COPD was

higher in males than females, in Whites than in Blacks, and increased steeply with age [2].

In the NHANES III study, COPD (defined as the presence of airflow limitation) was estimated
to be present in 14.2% of current White male smokers, 6.9% of exsmokers and 3.3% of never-
smokers. Among White females, the prevalence of airflow limitation was 13.6% in smokers,

6.8% in exsmokers and 3.1% in never-smokers [2].

Less than 50% of individuals with COPD based on airflow limitation have a doctor’s diagnosis

of COPD and, somewhat surprisingly, this is not only true for mild COPD [3].

3.2.2. Morbidity

Morbidity data include physician visits, emergency department visits and hospitalisations.
COPD databases for these outcome parameters are less readily available and usually less

reliable than mortality databases.

The limited data available indicate that morbidity due to COPD increases with age and is still

greater in males than females.
The risk of hospital admission increases with decreasing lung function and when chronic

respiratory symptoms are present [4]. Admission rates are also increased in patients with lower

socioeconomic status [5].
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Morbidity is likely to increase in the future, not only due to changes in smoking habits but also

because of ageing of populations [6].

3.2.3. Mortality

Mortality data for COPD are inaccurate because of inconsistent use of terminology.

COPD death rates are very low under the age of 45 yrs and increase steeply with age.

COPD is the fourth leading cause of death worldwide and is estimated to be the third leading
cause of death by 2020 [7].

Recently, the most important change has been the huge increase in the COPD death rate in
females that has occurred in the USA over the last 20 yrs: from 20.1 out of 100,000 in 1980 to
56.7 out of 100,000 in 2000; as compared to the values in males, 73.0 out of 100,000 in 1980
to 82.6 out of 100,000 in 2000 [2].

3.24. Economic burden

COPD is a more costly disease than asthma. The direct costs of COPD are the value of
healthcare resources devoted to diagnosis and medical management of the disease. Indirect
costs reflect the monetary consequences of disability, missed work, premature mortality and

caregiver or family costs resulting from the illness [8].

When medical costs for COPD are compared across countries for which data are available,
there is surprising similarity. When adjusted to 1993 US dollars, the costs per capita (in the
entire population) are: $65 for the UK, $60 for Sweden and $87 for the USA. Distribution of
the costs in different countries, however, is different. In the USA, for example, ~75% of the

costs for COPD are for services associated with exacerbations, such as hospitalisation [8].
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3.3. Risk factors

The risk factors for COPD are shown in table 1, and they are separated into host factors and

exXposures.

Table 1. — Risk factors for COPD

Host factors Exposures

Genetic factors Smoking

Sex Socioeconomic status
Airway hyperreactivity, immunoglobulin E and asthma Occupation

Environmental pollution
Perinatal events and childhood illness
Recurrent bronchopulmonary infections

Diet

3.3.1. Host factors

Little is known at present about the many genetic factors that probably increase (or decrease) a

person’s risk of developing COPD.

The genetic risk factor that is best documented is a severe hereditary deficiency of o-
antitrypsin, a major circulating inhibitor of serum proteases. Although o;-antitrypsin
deficiency is relevant to only a small part of the world’s population, it illustrates the
importance of gene-environment interactions in the pathogenesis of COPD [9, 10]. All patients
with airflow limitation and family history of respiratory illnesses, and patients presenting with
airflow limitation at relatively early age (4th or 5th decade) should be evaluated for o-

antitrypsin deficiency.

Exploratory studies have revealed a number of candidate genes that influence a person’s risk of
COPD. However, when several studies of a given trait are available, the results are often
inconsistent. Several of these genes are thought to be involved in inflammation and, therefore,

are related to potential pathogenic mechanisms of COPD [9].

17 of 222



18 of 222

Airway hyperresponsiveness has also been demonstrated to be a risk factor for COPD [11].
The mechanism for this, however, is not clear. Some asthma patients also develop fixed airflow

limitation and thus fulfil the requirements for COPD diagnosis [12].

Worldwide, COPD is more prevalent in males than in females. However, this is a consequence
of the marked difference in smoking (and other) exposures between males and females. Recent
data from several large studies suggest that females may in fact be more susceptible to the
effects of tobacco than males. More data are needed to verify this. The importance of these

new data, however, is that male sex is now clearly not a risk factor for COPD [13].

3.3.2. Exposures

Tobacco smoke is by far the most important risk factor for COPD worldwide [1, 10, 14].

It is helpful, conceptually, to think of a person’s exposures in terms of the total burden of
inhaled particles. Each type of particle, depending on its size and composition, may contribute
a different weight to the risk and the total risk will depend on the integral of the inhaled
exposures. For example, tobacco smoke (active and passive tobacco smoke), outdoor and
indoor air pollution, and occupational exposures probably act additively to increase a person’s

risk of developing COPD.

Recent data from the US NHANES III survey indicate that occupation can be an important risk
factor for COPD. The fraction of COPD attributable to work was estimated as 19.2% overall

and 31.1% in never-smokers [2].
A subject’s socioeconomic background plays an important role that is not only the result of

exposure to tobacco and occupational hazards [5]. Whether the effect is due to impaired growth

of lungs and airways or an increased rate of infection is not clear.
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In developing countries, indoor air pollution, due to the use of biomass fuels for heating and
cooking, may pose a significant particulate burden and contribute to COPD, especially in

females [1].

3.4. Natural history

COPD has a variable natural history and not all individuals follow the same course [15]. The
often-quoted statistic that only 15-20% of smokers develop clinically significant COPD is

misleading and greatly underestimates the toll of COPD.

It is increasingly apparent that COPD often has its roots decades before the onset of symptoms
[14]. Impaired growth of lung function during childhood and adolescence, caused by recurrent
infections or tobacco smoking, may lead to lower maximally attained lung function in early
adulthood [16]. This abnormal growth will, often combined with a shortened plateau phase in

teenage smokers, increase the risk of COPD. This is visualised in figure 1 [17].

8

I

3

FEV: (% pred)
S

20 30 40 50 60 70 80

Age

Fig. 1. - The normal course of forced expiratory volume in one second (FEV1) over time (—)
is compared with the result of impaired growth of lung function , an accelerated decline
(—) and a shortened plateau phase (—). All three abnormalities can be combined. Figure
reproduced with permission from [17].
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An accelerated decline in lung function is nevertheless still the single most important feature of
COPD. COPD is generally a progressive disease, especially if the patient’s exposure to noxious
substances, most often tobacco smoking, continues. If exposure is stopped, the disease may
still progress, mainly due to the decline in lung function that normally occurs with ageing.
Nevertheless, stopping exposure to noxious agents, even after significant airflow limitation is
present, can result in some improvement in function and will slow or even hold the progression
of the disease. This is best illustrated by recent longitudinal data from the US Lung Health

Study, spanning 11 yrs, shown in figure 2.

28
E,EC
27 -
28 ustained Quitters
E 25 \\“—\
< 24 k\ Intermittent
> 23 WItters
E 22 . \\"\\V
21 Continuous Smokers™~~_
20
0 1 2 3 & & 6 7 B 8 10N
Year

Fig. 2. - Loss of lung function over 11 yrs in the Lung Health Study for continuous smokers
(—), intermittent quitters (—) and sustained quitters (—). FEV1: forced expiratory
volume in one second. Figure reproduced with permission from [18].
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Males who quit at the beginning of the Lung Health Study had an FEV1 decline of 30.2
mL-yr', whereas females who quit declined at 21.5 mL-yr"'. Males who continued to smoke
throughout the 11 yrs declined by 66.1 mL-yr' and women who continued to smoke declined
by 54.2 mL-yr". If these declines are expressed as a percentage of the predicted value, there is

no difference between the declines in males and females who continued to smoke [18].

3.5. Future expectations

COPD is expected to increase globally in the coming decades. The main reasons are the
changing age distribution in all countries, with increased life expectancy and an ever-
increasing proportion of the population living to >60 yrs, and the increased uptake of smoking,

especially in developing countries [1, 6, 7].

In the western world, age-specific rates of mortality, as well as morbidity, have started to
decrease for males and will presumably stabilise for females in the near future. The time trends
in developing countries will depend on tobacco control and control of other particulate

exposures.
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4. Pathology, pathogenesis and pathophysiology

4.1. Key points
Pathology

e Chronic obstructive pulmonary disease (COPD) comprises pathological changes in four
different compartments of the lungs (central airways, peripheral airways, lung
parenchyma, pulmonary vasculature), which are variably present in individuals with the
disease.

Pathogenesis

e Tobacco smoking is the main risk factor for COPD, although other inhaled noxious
particles and gases may contribute. This causes an inflammatory response in the lungs,
which is exaggerated in some smokers, and leads to the characteristic pathological
lesions of COPD. In addition to inflammation, an imbalance of proteinases and
antiproteinases in the lungs, and oxidative stress are also important in the pathogenesis
of COPD.

Pathophysiology

e The different pathogenic mechanisms produce the pathological changes which, in turn,
give rise to the physiological abnormalities in COPD: mucous hypersecretion and
cilliary dysfunction, airflow limitation and hyperinflation, gas exchange abnormalities,

pulmonary hypertension, and systemic effects.

4.2. Pathology

COPD comprises major pathological changes in the following four different compartments of
the lung, which are variably present in individuals with the disease: central airways, peripheral

airways, lung parenchyma and pulmonary vasculature.

4.2.1. Central airways (cartilaginous airways >2mm of internal diameter)

See figure 1.

Bronchial glands hypertrophy and goblet cell metaplasia occurs [1, 2]. This results in excessive

mucous production or chronic bronchitis. Cell infiltrates also occur in bronchial glands.
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Airway wall changes include squamous metaplasia of the airway epithelium, loss of cilia and

ciliary dysfunction, and increased smooth muscle and connective tissue [2, 3].

Different inflammatory cells predominate in different compartments of the central airways. In
the airways wall these are lymphocytes, predominantly of the CD8+ type, but as the disease
progresses neutrophils also become prominent [4, 5]. In the airspaces, in addition to

lymphocytes, neutrophils and macrophages can also be identified [6, 7].

Fig. 1. - a) A central bronchus from the lungs of a cigarette smoker with normal lung function;
very small amounts of muscle are present; there are small epithelial glands. b) Bronchus from
a patient with chronic bronchitis; shows a thick bundle of muscle and enlargement of glands.
c) A higher magnification of the enlarged glands with evidence of chronic inflammation
involving polymorphonuclear (arrow head) and mononuclear cells, including plasma cells

(arrow). Printed with kind permission from J.C. Hogg and S. Green.
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4.2.2. Peripheral airways (noncartilaginous airways<2mm internal diameter)

See figure 2.

Bronchiolitis is present in the peripheral airways at an early stage of the disease [8].

There is pathological extension of goblet cells and squamous metaplasia in the peripheral

airways [9].

The inflammatory cells in the airway wall and airspaces are similar to those in the larger

airways [10].

As the disease progresses, there is fibrosis and increased deposition of collagen in the airway

walls [11].
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Fig. 2. - Histological sections of peripheral airways from a cigarette smoker with a) a nearly
normal airway showing some airway inflammation, b) the presence of an inflammatory
exudate in the wall and lumen of the airway, and c) an airway with reduced lumen and
structural reorganisation of the airway wall, increased smooth muscle and deposition of
peribronchial connective tissue. Printed with kind permission from J.C. Hogg and S. Green.
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Lung parenchyma (respiratory bronchioles, alveoli and capillaries)

See figure 3.

Emphysema, defined as an abnormal enlargement of air spaces distal to the terminal

bronchioles, occurs in the lung parenchyma in COPD.

As a result of emphysema there is a significant loss of alveolar attachments, which contributes

to peripheral airway collapse [12].

There are two major types of emphysema, according to the distribution within the acinus: 1)
centrolobular (which involves dilatation and destruction of the respiratory bronchioles); and 2)
panlobular emphysema (which involves destruction of the whole of the acinus). The former is
the most common type of emphysema in COPD and is more prominent in the upper zones,
while the latter predominates in patients with o/;-antitrypsin deficiency and is more prominent

in the lower zones.

In the early stages of the disease, these are microscopic lesions. During the course of the
disease, they may progress to macroscopic lesions or bullae (defined as an emphysematous

space >1 cm in diameter). Bullous disease can also occur in the absence of COPD.

The inflammatory cell profile in the alveolar walls and the airspaces is similar to that described
in the airways and persists throughout the course of the disease [13]. There is some evidence
suggesting the persistence of inflammation in the proximal and distal airspaces after smoking

cessation [14, 15].
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Fig. 3. - a) Common airway with alveolar attachments. b) Loss of alveolar walls, enlargement
of alveolar spaces and decreased alveolar wall attachment in emphysema. Printed with kind
permission from W. MacNee and D. Lamb.

4.2.3. Pulmonary vasculature

See figure 4.

Pulmonary vascular changes begin early during the course of the disease [16].

Initially, these changes are characterised by thickening of the vessel wall and endothelial

dysfunction [17].

These are followed by increased vascular smooth muscle and infiltration of the vessel wall by

inflammatory cells, including macrophages and CD8+ T lymphocytes [16].
In advanced stages of the disease, there is collagen deposition and emphysematous destruction

of the capillary bed [18]. Eventually, these structural changes lead to pulmonary hypertension

and right ventricular dysfunction (cor pulmonale) [19].
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Fig. 4. - Pulmonary muscular artery from a patient with chronic obstructive pulmonary disease,
showing prominent intimal thickening and luminal narrowing. a) Immunostaining with
monoclonal antibody against a-smooth muscle actin, showing abundant proliferation of
smooth muscle cells in the intima. b) Orcein stain showing abundant deposition of elastic
fibres in the intimallayer. Internal scale bar=42.2 mm.

4.3. Pathogenesis

Tobacco smoking is the main risk factor for COPD, although other inhaled noxious particles
and gases may also contribute. This causes an inflammatory response in the lungs of all

smokers [8].

Due to, as yet, unknown reasons, some smokers display an exaggeration of this normal,
protective inflammatory response to these inhalation exposures, which eventually causes tissue
destruction, impairs the defence mechanisms that limit such destruction and disrupts the repair

mechanisms, leading to the characteristic pathological lesions of COPD (see above).

In addition to inflammation, two other processes that are also important in the pathogenesis of

COPD are an imbalance of proteinases and antiproteinases in the lungs, and oxidative stress.

4.3.1. Inflammation

COPD is characterised by an increase in neutrophils, macrophages and T-lymphocytes

(specifically CD8+) in various parts of the lungs, which relate to the degree of airflow
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limitation [10]. There may be an increase in eosinophils in some patients, particularly during

exacerbations [20, 21].

These inflammatory cells are capable of releasing a variety of cytokines and inflammatory

mediators, most notably leukotriene 4, interleukin-8 and tumour necrosis factor-a.

This inflammatory pattern is markedly different from that seen in patients with bronchial

asthma.

Inflammatory changes may persist after quitting smoking. The mechanisms explaining the

perpetuation of this inflammatory response in the absence of the inciting events are unknown.

4.3.2. Proteinase and antiprotease imbalance

This may occur in COPD due to increased production (or activity) of proteinases or

inactivation (or reduced production) of antiproteinases.

Cigarette smoke (and possibly other COPD risk factors), as well as inflammation itself, can
produce oxidative stress that, on the one hand, primes several inflammatory cells
(macrophages, neutrophils) to release a combination of proteinases and, on the other hand,

decreases (or inactivates) several antiproteinases by oxidation.
The major proteinases involved in the pathogenesis of COPD include those produced by
neutrophils (elastase, cathepsin G and proteinase-3) and macrophages (cathepsins B, L and S),

and various matrix metalloproteinases (MMP).

The major antiproteinases involved in the pathogenesis of COPD include, o-antitrypsin,

secretory leukoproteinase inhibitor and tissue inhibitors of MMPs.

Neutrophil elastase not only contributes to parenchymal destruction but it is also a very potent

inducer of mucous secretion and mucous gland hyperplasia [22, 23].
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4.3.3. Oxidative stress

Different markers of oxidative stress are found in increased amounts in the lungs, exhaled air
breath condensate and urine of smokers and patients with COPD, including hydrogen peroxide,

nitric oxide and lipid peroxidation products (isoprostane F2a.-III) [24].

Oxidative stress can contribute to COPD by oxidising a variety of biological molecules (that
can lead to cell dysfunction or death), damaging the extracellular matrix, inactivating key anti-
oxidant defences (or activating proteinases) or enhancing gene expression (either by activating

transcription factors (e.g. nuclear factor-kB) or promoting histone acetylation) [25].

4.4. Pathophysiology

The different pathogenic mechanisms discussed above produce the pathological changes,
which, in turn, give rise to the following physiological abnormalities in COPD: mucous
hypersecretion and cilliary dysfunction, airflow limitation and hyperinflation, gas exchange

abnormalities, pulmonary hypertension, and systemic effects.
4.4.1. Mucous hypersecretion and cilliary dysfunction

These are typically the first physiological abnormalities in COPD.

The former is due to stimulated secretion from enlarged mucous glands. The latter due to

squamous metaplasia of epithelial cells.

4.4.2. Airflow limitation and hyperinflation

Expiratory (largely irreversible) airflow limitation is the physiological hallmark of COPD.

The major site of the airflow limitation is in the smaller conducting airways <2 mm in diameter

and is mainly due to airway remodelling (fibrosis and narrowing) [9, 26].

Other factors that also contribute include loss of elastic recoil (due to destruction of alveolar

walls), destruction of alveolar support (alveolar attachments) [12], accumulation of
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inflammatory cells, mucous and plasma exudate in the bronchi, and smooth muscle contraction
and dynamic hyperinflation during exercise. The latter is one of the major contributors to

exercise limitation in these patients [27].

Airflow limitation in COPD is best measured by spirometry, which is key to the diagnosis of

the disease.

4.4.3. Gas exchange abnormalities

These occur in advanced disease and are characterised by arterial hypoxaemia with or without

hypercapnia.

An abnormal distribution of ventilation-perfusion ratios (due in turn to the anatomical

alterations described above) is the main mechanism of abnormal gas exchange in COPD [28].

An abnormal diffusing capacity of carbon monoxide per litre of alveolar volume correlates

well with the severity of the emphysema [29].

4.4.4. Pulmonary hypertension

This occurs late in the course of COPD, normally after the development of severe gas

exchange abnormalities.

Factors contributing to pulmonary hypertension in COPD include vasoconstriction (mostly of
hypoxic origin), endothelial dysfunction, remodelling of pulmonary arteries and destruction of
the pulmonary capillary bed. This combination of events may eventually lead to right

ventricular hypertrophy and dysfunction (cor pulmonale) [19, 30].

4.4.5. Systemic effects

COPD is associated with extrapulmonary effects, including systemic inflammation and skeletal
muscle wasting. These systemic effects contribute to limit the exercise capacity of these

patients and to worsen prognosis, independent of their pulmonary function [31].
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4.5. Pathology; pathogenesis; pathophysiology of exacerbations

Patients with COPD often present with acute episodes (exacerbations) of increased symptoms
that frequently require a change in their usual medications. These episodes vary in severity
from mild exacerbations (normally managed at home by the patient) to moderate exacerbations
(requiring consultation with primary care physicians) and severe exacerbations (needing

hospitalisation).

4.5.1. Pathology

Available evidence of pathological changes during exacerbations is scanty and mostly indirect

(sputum and bronchial biopsies).

In general, exacerbations are associated with increased neutrophilic inflammation and, in mild
exacerbations, with the presence of eosinophils [20, 21]. There is no information on the

pathology of severe exacerbations.

4.5.2. Pathogenesis

Many exacerbations are infectious in origin (either bacterial or viral). However, many patients
with COPD are colonised by bacteria when clinically stable. Thus, there is a substantial
percentage of exacerbation episodes of unclear cause. Potential mechanisms include air
pollution, changes in ambient temperature and pulmonary emboli, among others (smoking and

cessation of medication) [32].

4.5.3. Pathophysiology

Airflow obstruction is almost unchanged during mild exacerbations [20] and only slightly

reduced during severe exacerbations [33].
Severe exacerbations are accompanied by a significant worsening of pulmonary gas exchange

(due mostly to increased ventilation-perfusion inequality) [34] and, potentially, by respiratory

muscle fatigue.
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Worsening ventilation-perfusion relationships in exacerbations of COPD are multifactorial and
relate to airway inflammation and oedema, mucus hypersecretion and bronchoconstriction,
which affects ventilation and causes hypoxic vasoconstriction of pulmonary arterioles, which

reduces perfusion.

Alveolar hypoventilation and respiratory muscle fatigue also contribute to hypoxaemia,

hypercapnia and respiratory acidosis leading to severe respiratory failure and death.
Hypoxia and respiratory acidosis produce pulmonary vasoconstriction imposing an additional

load on the right ventricle and, together with renal and hormonal changes, can result in

peripheral oedema.
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5. Clinical assessment, testing; differential diagnosis

5.1. Key points

e Chronic obstructive pulmonary disease (COPD) runs an insidious course, measured
over years, with an often undiagnosed initial phase.

e Its presence can be suspected after a directed clinical evaluation and then confirmed
physiologically with a simple spirometry.

e Chest radiography helps in differential diagnosis.

e Other tests may be useful to better determine the phenotype and physiological

characteristics of individual patients.

5.2. Clinical assessment

Clinical assessment is based on medical history and physical examination [1-3]. Although a
complete examination is indicated for all patients, these two components are specifically important

for patients with suspected COPD.

5.2.1. Medical history

A directed medical history should assess the following issues.

5.2.1.1. Symptoms

Cough may be intermittent (early morning) at the beginning, progressively becoming present
throughout the day, but is seldom entirely nocturnal [4]. Chronic cough is usually productive and
is very often discounted as it is considered an expected consequence of smoking. Cough syncope

or cough rib fractures may occur.

Sputum initially occurs in the morning but later will be present all day long. It is usually tenacious
and mucoid and in small quantities [2]. Production of sputum for >3 months in 2 consecutive years
is the epidemiological definition of chronic bronchitis. A change in sputum colour (purulent) or

volume suggests an infectious exacerbation.
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Dyspnoea is usually progressive and over time it becomes persistent. At the onset it occurs during
exercise (climbing up stairs, walking up hills) and may by avoided entirely by appropriate
behavioural changes (e.g. using an elevator). However, as the disease progresses, dyspnoea is
elicited even during minimal exertion or at rest. A quantification of dyspnoea using the Modified
Medical Research Council scale (see Definition, diagnosis and staging) is indicated since it

predicts quality of life and survival.

5.2.1.2.  Past medical history and review of systems
Any of the following should be noted.
e Any history of asthma, allergy, respiratory infections in childhood or any other respiratory
diseases such as tuberculosis.
e Any family history of COPD or other respiratory disease.
e Any history of exacerbations of COPD or hospitalisations.
e Any comorbidities, e.g. those associated with the heart or peripheral vasculature, or
neurological comorbidities that share the same risk factor (i.e. cigarette smoke exposure).
In addition, symptoms of depression and anxiety may indicate the need for appropriate
treatment of these conditions.
e Any history of unexplained weight loss is important because, if caused by COPD, it
heralds a poor prognosis.
e Other, nonspecific symptoms, such as wheezing and chest tightness or pain, and morning

headache.

5.2.1.3.  Exposure history

The history of exposure to risk factors, such as smoking, or occupational or environmental noxious
agents, should be noted. A detailed smoking history is essential (pack-years). Pack-years are
calculated by multiplying the number of pack equivalent smoked every day by the total number of

years.
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5.2.2. Physical examination

A normal physical examination is frequent in early COPD [6]. As the disease progresses some

signs become apparent and in the advanced stages many are almost pathonogmonic.

As part of the vital signs, all patients should have their respiratory rate measured, weight and

height determined, and their body mass index calculated (see Definition, diagnosis and staging).

The examination should be aimed at eliciting the presence of the respiratory and systemic effects

of COPD.

5.2.2.1.  Respiratory signs
Inspection: check for barrel chest deformity, pursed-lips breathing, chest/abdominal wall
paradoxical movements and use of accessory respiratory muscles. All these are signs of severe

airflow limitation, hyperinflation and impairment of the mechanics of breathing.

Percussion: check for decreased motion of the diaphragm and tympanic sounds due to

hyperinflation or bullae; in addition the liver becomes easily palpable.

Auscultation: adventitious rhonchi and wheezing may help differentiate COPD from congestive

heart failure or pulmonary fibrosis, which are often associated with crackles.

Auscultation of the heart: may show signs of cor pulmonale, such as split of second sound

(pulmonic), murmurs of pulmonary or tricuspid insufficiency.
5.2.2.2. Systemic signs
Neck vein distension, liver enlargement and peripheral oedema could be due to cor pulmonale

or due to severe hyperinflation.

Loss of muscle mass and peripheral muscle weakness are consistent with malnutrition and /or

skeletal muscle dysfunction.

40 of 222



41 of 222

Cyanosis or bluish colour of the mucosal membranes may indicate hypoxaemia.

5.3. Testing

A number of different tests should be performed when investigating COPD. These include tests
that should be performed on all patients and those that should be performed only on selected

patients.

5.3.1. All patients

Spirometry should be performed in all patients suspected of COPD. This is necessary for
diagnosis, assessment of severity of the disease and for following the progress of the disease

(see Definition, diagnosis and staging).

Bronchodilator reversibility [8] should be performed at least once to exclude asthma and to
establish the best lung function for the individual patient, and, to a lesser degree, to estimate
the prognosis. The increase in forced expiratory volume in one second (FEV1) should be
expressed as a percentage of the predicted value that is less dependent on the baseline FEV1.
Although some bronchodilation may be present in some patients with COPD, a large increase

in postbronchodilator FEV1 supports the diagnosis of asthma.

Chest radiography [1-3, 8] should be obtained in all patients. It is not sensitive for the
diagnosis, but it is helpful in excluding other diseases (pneumonia, cancer, congestive heart
failure, pleural effusions and pneumothorax). It is also of value to detect bullous disease.
Common but not specific signs of emphysema are flattening of the diaphragm, irregular lung

radiolucency, reduction or absence of vasculature (rapid tapering).

5.3.2. Selected patients

a-antitrypsin levels [1, 2 ,3] should be measured in young patients (4th or 5th decade) who
develop COPD and have a strong family history. This may be followed by family screening. A
serum value of oj-antitrypsin <15-20% of the normal limits is highly suggestive of

homozygous o -antitrypsin deficiency.
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Static lung volumes [9], including total lung capacity (TLC), residual volume (RV), functional
residual capacity and the ratio RV/TLC are all characteristically increased in advanced COPD.
A good index of hyperinflation is the measure of the inspiratory capacity. Lung volumes are
useful in patients with more advanced disease and those being considered for surgery (see

Management of stable COPD: surgery in and for COPD).

Transfer factor of the lung for carbon monoxide (TL,CO) is usually reduced in COPD,
particularly in emphysema [8]. If TL,CO is reduced, asthma can be excluded. A low diffusion
capacity is helpful in stratifying patients for lung resection (see Management of stable COPD:

surgery in and for COPD).

In stable patients, the measurement of arterial blood gases [2, 8] is recommended in moderate
and severe stages of the disease. The determination of oxygen saturation is very helpful and
patients with values <94% at sea level breathing room air suggests the need for blood gases

(see Exacerbation: inpatient oxygen therapy).

Blood gases monitoring is mandatory during a severe exacerbation, leading to respiratory

failure (see Exacerbation: definition, evaluation and treatment).

Exercise testing [8] is of practical value in patients with a disproportional degree of dyspnoea
to FEV1. It can be performed on a cycle or treadmill ergometer or by a simple timed walking

test (e.g. 6 min). Exercise testing is of use in selecting patients for rehabilitation or surgery.

Respiratory muscle function [1] could be tested in poor nutrition and suspect steroid
myopathy, as well as if dyspnoea or hypercapnia are disproportionally increased with respect

to FEV1.
Maximum inspiratory pressure is impaired usually due to hyperinflation and/or abnormal

mechanics of breathing. In contrast, a reduction in maximum expiratory pressure could be

attributed to muscle weakness.
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Pulmonary vascular pressure and right ventricular function [9] can be assessed using
noninvasive methods, such as Doppler echocardiography, to assess pulmonary hypertension.
The gold standard method of measuring pulmonary hypertension remains right heart

catheterisation.

Computed tomography should be recommended if the diagnosis is in doubt and preoperative

for bullectomy or lung volume-reduction surgery.

Indications for a polysomnographic sleep study [10] in COPD are suspicions of co-existing

sleep apnoea (see Management of stable COPD: sleep).

5.4. Differential diagnosis

The differential diagnosis of COPD is shown in table 1.
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Table 1. — Differential diagnosis of COPD

Diagnosis Suggestive features

COPD Mid-life onset; Slowly progressing symptoms
Long history of smoking

Asthma Early onset; Varying symptoms

Congestive heart failure

Bronchiectasis

Tuberculosis

Obliterative

bronchiolitis

Diffuse panbronchiolitis

Symptoms during the night/early morning

Presence of allergy, rhinitis and/or eczema

A family history

Airflow limitation that is largely reversible

Fine basilar crackles on auscultation

Dilated heart on chest radiography

Pulmonary oedema

Volume restriction not airflow limitation on pulmonary function tests
Large volume of purulent sputum

Commonly associated with bacterial infection

Coarse crackles/clubbing on auscultation

Bronchial dilation and bronchial wall thickening on chest radiography/CT
Onset at all ages

Lung infiltrate on chest radiography

Microbiological confirmation

High local prevalence of tuberculosis

Younger onset and in non-smokers

History of rheumatoid arthritis/fume exposure?

Hypodense areas on expiration on CT

Effects mostly male nonsmokers

Almost all have chronic sinusitis

Diffuse small centrilobular nodular opacities & hyperinflation on chest radiography

and HRCT

CT: computed tomography; HRCT: high-resolution computed tomography. Modified from [5].

Some patients with chronic asthma cannot be distinguished from COPD with the current imaging

or lung function testing. In these cases it is assumed that the two diseases (asthma/COPD) co-exist

and their management should be similar to that of asthma.
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6. Management of stable COPD: smoking cessation

6.1. Key points

Smoking is an addiction and a chronic relapsing disorder.

Smoking should be routinely evaluated whenever a patient presents to a
healthcare facility

All smokers should be offered the best chance to treat this disorder.

Permanent remissions can be achieved in a substantial percentage of smokers
with currently available treatments.

Successful treatment of this disorder can have a substantial benefit in reducing
many secondary complications of which chronic obstructive pulmonary disease
(COPD) is one.

Smoking cessation activities and support for its implementation should be

integrated into the healthcare system.

6.2. Background

6.2.1. Smoking as a primary disorder

Cigarette smoking is an addiction and a chronic relapsing disorder regarded as a primary

disorder by the Department of Health and Human Services Guidelines in the USA [1, 2] and by

the World Health Organization. Therefore, treating tobacco use and dependence should be

regarded as a primary and specific intervention.

Preventing the development and progression of COPD can be regarded as one of the secondary

effects prevented by treating the primary disorder, because although cigarette smoking is the

single most important cause of COPD, it is also a major risk factor for many other diseases

including atherosclerotic vascular disease, cancer, peptic ulcer and osteoporosis.
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6.2.2. Smoking prevention

Effective primary prevention of smoking would eliminate the need for smoking cessation.

Unfortunately, measures to decrease smoking initiation have had limited success. Yet, the
following measures have been shown to prevent smoking addiction:
e increasing the price of cigarettes [3]
e enforced programmes which limit access to cigarettes [4]
e society can have a major effect on smoking behaviour and it is hoped that
comprehensive programmes designed to control smoking initiation can have similar

benefits [5].

6.2.3. Smoking in COPD

Smokers experience an accelerated rate of decline in lung function [6]. Individual
susceptibility, however, varies greatly and depends on a complex interaction of many genetic

and environmental factors.

It 1s often stated that 15% of smokers will develop COPD. This dramatically underestimates
the impact of smoking because the majority of smokers will develop loss of lung function [6,

7], and reduced lung function, at any level, is predictive of increased mortality [8].

Many smokers with undiagnosed COPD have symptoms [9]. It is necessary to identify and
properly diagnose individuals earlier in the course of the disease when physiological limitation

and symptoms are milder [10].

Quitting smoking can slow the progressive loss of lung function [11] and can reduce symptoms
[12] at any point in time. Yet, the beneficial impact of smoking cessation on the natural history
of COPD is greatest the earlier cessation is achieved. Adolescents who quit smoking will have

increased lung growth.
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6.2.4. Passive smoking and COPD

Smoking during pregnancy is associated with low birth weight, and infants with low birth

weight appear to have a greater risk of developing COPD [13].

Smoking and probably passive smoke exposure in childhood compromises lung growth leading

to diminished maximal lung function in young adulthood [14].

Passive smoke exposure is a risk factor for symptoms of cough and sputum production, and

may account for some of the COPD that develops in nonsmokers [15].

6.3. Smoking cessation

6.3.1. Guidelines

The most comprehensive of the guidelines prepared on smoking cessation is ‘“Treating
Tobacco Use and Dependence”, an evidence-based guideline sponsored by the US Department
of Health and Human Services and released in 2000 [2], which updates the previous evidence-

based guideline “Smoking Cessation” released in 1996 [16].
The guideline and the meta-analyses on which it is based are available at

www.surgeongeneral.gov/tobacco/default.htm. The key findings of this report are summarised

in table 1.
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Table 1. — Key points of the Treating Tobacco Use and Dependence guidelines

Tobacco dependence is a chronic condition that warrants repeated treatment until long-term or
permanent abstinence is achieved

Effective treatments for tobacco dependence exist and all tobacco users should be offered these
treatments

Clinicians and healthcare delivery systems must institutionalise the consistent identification,
documentation and treatment of every tobacco user at every visit.

Brief tobacco dependence intervention is effective and every tobacco user should be offered at
least brief intervention

There is a strong dose-response relationship between the intensity of tobacco dependence
counselling and its effectiveness

Three types of counselling were found to be especially effective: practical counselling, social
support as part of treatment and social support arranged outside treatment

Five first-line pharmacotherapies for tobacco dependence are effective: bupropion SR, nicotine
gum, nicotine inhaler, nicotine nasal spray and nicotine patch, and at least one of these
medications should be prescribed in the absence of contraindications

Tobacco-dependence treatments are cost effective relative to other medical and disease

prevention interventions

6.3.2.

General principles

Smoking behaviour should be considered in the routine assessment of all patients who present

to a healthcare facility.

Smokers vary in their readiness to quit. The concept that smokers progress through

recognisable stages has been helpful in guiding both research and clinical practice [17].
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Before being ready to plan a quit attempt, smokers are regarded as “precontemplators”.
It is in this stage that tailored advice and encouraging support is likely to be of the most
benefit.

Smokers then enter the “contemplation” phase, where advice, particularly about the
need for an action plan that optimises success, can be most helpful.

Only then are smokers believed to enter the “action” phase.
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e Interestingly, smokers may progress through these stages when acutely ill, presenting
the attentive clinician with windows of opportunity where intervention is more likely to

be successful [18].

Each patient should be provided with an individualised approach based on their current

smoking behaviour and readiness to quit (fig. 1).

e Brief interventions should be implemented in all practices.

e Intensive interventions are appropriate for many COPD patients and, ideally, each
practitioner caring for COPD patients should have the option to refer patients for
intensive interventions.

e The most effective treatment of tobacco use and dependence requires a systems
approach providing adequately supported and integrated resources throughout the
healthcare system.

e Smokers should be addressed in different ways depending on whether they are not

ready to make a quit attempt, ready to make a quit attempt or have recently quit.

Current Tobacco Use I

Yes Ne

| |

- --"""'H-\._ - """'H-\.
.-""-_-—-}F T __.-—""'-_-—-}F T
— Former Tebacco

. N
Willing ty N’V

No Yes Yes No
. I . Encourage Continued
Provide Motivation Initiate Treatment Prevent Relapse .
Abstinence

Fig. 1. - Algorithm for smoking. Modified from [2].
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Brief intervention

A brief intervention can be effective for many smokers and should be practiced in all clinical

settings. Often this can take the form of several minutes during a routine visit [19].

The key steps in the algorithm for brief intervention are the “5 As”.

e Ask: systematically identify all tobacco users at every visit; implement an office-wide
system that ensures that tobacco-use status is queried and documented for every patient
at every clinic visit.

e Adpvise: strongly urge all tobacco users to quit, in a clear, strong and personalised
manner.

e Assess: determine willingness to make a quit attempt.

e Assist: help the patient with a quit plan, provide practical counselling, provide intra-
treatment social support, help the patient obtain extra-treatment social support,
recommend use of approved pharmacotherapy (except in special circumstances) and
provide supplementary materials.

e Arrange: schedule follow-up contact, either in person or via the telephone.

6.3.3. Intensive intervention

Intensive intervention refers to behavioural programmes more extensive than the brief

intervention described above.

Review of multiple studies demonstrates a dose-response effect, indicating that quit rates

increase with the intensity, duration and frequency of behavioural support sessions [2, 16].

All smokers willing to participate in intensive intervention should be offered the opportunity as
quit rates will increase. Many smokers, however, will not wish to participate in such
programmes and, for these individuals, properly executed brief intervention is the best

alternative.
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Intensive intervention can be provided by any suitably trained clinician with adequate
resources. Availability of such a programme should be an essential part of every healthcare

system, particularly those caring for COPD patients.

6.34. Systems approach

A major impediment in the delivery of established treatments to treat tobacco use and

dependence has been lack of appropriate institutional support [2].

Adequately trained staff with access to the necessary materials and with sufficient time to
diagnose, stage and treat the smoking patient must be provided by all reputable healthcare

systems.

Systems approaches are particularly important as coordinated interventions, involving

healthcare providers at a variety of levels, are both more effective and more cost efficient.

The healthcare provider has the obligation to provide state-of-the art behavioural and

pharmacological treatments.

The healthcare administrator has a clear responsibility to insure that smoking cessation services

are adequately provided.

The healthcare purchaser should expect that tobacco intervention, at the most effective level,

will be a contractually covered obligation of insurers and providers.

Patients have a reasonable expectation that the most preventable threat to their health will be

addressed.

6.3.5. Intervention in the smoker not ready to make a quit attempt

Empathetic, nonconfrontational interactions that maximise patient participation are believed to

be most effective when dealing with smokers not ready to make a quit attempt.
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The “5 Rs” can serve as a guide permitting the clinician to focus on the important issues,

recognising that multiple interactions are likely to be required in order to achieve a quit

attempt.

Relevance: personalise the reasons to quit. This may include issues in addition to
COPD.

Risks: both acute (i.e. dyspnoea, cough, exacerbations, increased carbon monoxide),
chronic (i.e. COPD progression, cancer, cardiovascular disease, osteoporosis, peptic
ulcer) and other environmental risks (i.e. disease risk to spouse, household members,
increased risk of smoking in children).

Rewards: such as improved health, improved self image, regaining sense of taste and
smell, and saving money.

Roadblocks: such as withdrawal symptoms, fear of failure, weight gain, lack of
support, depression and the enjoyment of tobacco.

Repetition: most smokers make several quit attempts before achieving long-term
abstinence; smoking can be regarded as a chronic relapsing condition, but prolonged

remissions are possible

A variety of interventions including acupuncture, hypnosis and aversive training methods,

among others, have been suggested to aid cessation. None have been shown to be more

effective than behavioural interventions alone [2].

6.3.6.

Intervention in the smoker ready to make a quit attempt

Every effort should be made to maximise the chances of success [2] in the smoker ready to

make a quit attempt, and the following should be offered: behavioural support,

pharmacological treatment and follow-up.

6.3.6.1.

Behavioural support

Table 2 shows the elements of support thought to improve cessation rates.
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Table 2. — Elements of support thought to improve cessation rates

Help establish a quit plan Set a quit date (ideally within 2 weeks)
Tell family and friends
Anticipate challenges
Remove tobacco products
Counselling Abstinence is essential
Utilise experience from previous attempts
Anticipate challenges
Avoid alcohol
Discourage others from smoking at home
Encourage other support Enlist the help of family, friends and co-workers
Provide materials Should be available in every clinicians office
Many are available through a variety of health-

related agencies

Modified from [2].

6.3.6.2.  Pharmacological treatment

See detailed information below.

6.3.6.3. Follow-up

Every smoker making a serious quit attempt should be offered the opportunity for follow-up
with the treating clinician [2]. It is recommended that the patient be contacted within 1 week of
the quit day and 1 month after. Additional follow-up improves cessation. Follow-up can be
performed by telephone and can involve nonphysicians.

Success should be encouraged in follow-up interventions.

Medication use should also be reviewed and an effort made to identify potential problems,

particularly alcohol use.

A plan should be established to deal with high-risk situations.
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Relapses should be evaluated and lessons that have been learned should be incorporated into

subsequent quit attempts.

Relapse prevention should include congratulating continued nonsmoking, informing the
exsmoker about the risks of concurrent alcohol use and establishing an action plan for

individual patients.

6.3.7. Intervention in the smoker who has recently quit

Relapse is most common in the first few days after quitting, but may occur months or years
later. Therefore, whenever the clinician interacts with former smokers, smoking status should

be reassessed.

6.3.8. Pharmacological treatment

All smokers willing to make a serious quit attempt should be offered pharmacological support

[2].

The approach to males and females and to racial and ethnic groups should not vary.

Pregnant women should quit, although use of medications in pregnancy has undefined risks.

Smoking cessation treatments can be initiated in hospitalised patients.

Patients with concurrent psychiatric morbidities may require specific treatment of these

conditions.

Smoking cessation treatment in adolescence is difficult. The same approaches used in adults

can be tried.

Quit rates approximately double with first-line pharmacological treatments. First-line
treatments include various forms of nicotine replacement treatment and bupropion. Second-line
treatments can be considered for smokers unsuccessful with or unable to utilise first-line

medications.
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6.3.8.1.

First-line treatments

Nicotine replacement is available in five approved formulations and several others are in

development. Their different routes of administration permit individual preference. All that

have been assessed are similar in efficacy.
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Nicotine polacrilex (gum) contains nicotine bound to a polacrilex resin together with a
buffering agent. Chewing releases the nicotine from the polacrilex. Varying the rate of
chewing varies the rate of nicotine release. Once released, nicotine is present in the
saliva and is absorbed across the buccal mucosa. Low oral pH causes the nicotine base
to ionise and the charged form is absorbed much more slowly. Both 2- and 4-mg
formulations are available. Eight to 10 gums per day should be recommended, but are
often difficult to chew. Treatment for 3—6 months is recommended, but some smokers
will substitute gum for smoking and sustain their addiction with gum.

Transdermal nicotine system or “patch” is applied to the skin in a nonhairy area of
the torso or proximal area of the extremities. Each device contains an adhesive, a
reservoir that contains nicotine and an impermeable backing. Nicotine diffuses from the
reservoir through the skin and is absorbed into the capillary blood of the skin.
Absorption is continuous and relatively slow. Several formulations are available [20].
Transdermal nicotine reduces the intensity, but does not eliminate, withdrawal
symptoms [21]. Treatment with nicotine patches is generally recommended at “full
dose” for 4—-6 weeks. This is often followed by a tapering regimen for several additional
weeks.

Nicotine inhaler consists of a mouthpiece and a nicotine-containing cartridge [22].
Nicotine is released when air is inhaled through the device. Most of the nicotine is
deposited in the mouth and absorbed through the buccal mucosa. The device should
not, therefore, be inhaled like a cigarette as very little nicotine will reach the lower
respiratory tract. Because the nicotine is absorbed through the buccal mucosa,
absorption is into the venous circulation. The device contains ~10 mg of nicotine, of
which ~1 mg is released with ~100 inhalations.

Nicotine nasal spray consists of an aqueous solution of nicotine. It is delivered by
direct spray to the nasal mucosa [23]. One spray in each nostril delivers 1 mg of

nicotine. The nicotine is absorbed into the venous blood in the nasal mucosa.
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Absorption, however, is relatively rapid with peak levels being achieved in ~10 min.
This comes closest to that observed with smoking. As a result, the nicotine nasal spray
has increased potential for prolonging nicotine dependence as compared to other
nicotine replacement therapies. Local irritation is exceedingly common and can be
severe, although most individuals are able to adjust to the local effects with continued
use.

Nicotine lozenges are the most recently approved formulation of nicotine as an aid for
smoking cessation [24]. It is approved for over-the-counter use in the USA and is
available in 2- and 4-mg nicotine doses. The smoker is allowed to select the dose based
on the time from awakening to the first cigarette, a measure of intensity of addiction.
Those who use a cigarette within 30 min of awakening are advised to use the 4-mg
nicotine dose. Dosing is recommended at nine lozenges per day, one every 1-2 h for up
to 6 weeks, followed by tapering of daily use with discontinuation after 6 months.
Combined modality treatment with several formulations, while not approved by
regulatory agencies, has been reported to improve efficacy. Retreatment after a failed

attempt can be successful.

Treatment is generally started on the quit day. Variable durations of treatment have been

suggested. Nicotine replacement can be discontinued abruptly, but gradual tapering is generally

preferred. Concurrent cardiac disease should always engender caution, but evidence does not

demonstrate an increase in acute cardiac events with the use of nicotine replacement.

Bupropion is a non-nicotine drug previously approved for use as an anti-depressant [12].
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It approximately doubles quit rates compared to placebo.

Treatment is usually initiated at 150 mg daily and increased to 150 mg twice daily after
3 days, if tolerated.

The quit day should be after 1 week of treatment.

Treatment is generally continued for 7-12 weeks.

Bupropion may be more effective than nicotine replacement therapy for individuals

with a past history of depression.
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e It may also be useful for those concerned about weight gain since it has been shown to
delay but not prevent weight gain during cessation.

e Bupropion may cause insomnia and dry mouth. It has been reported to cause seizure in
patients with known history of seizure disorder.

e Bupropion can be combined with nicotine replacement treatment, although this may
lead to worsening of hypertension.

e Contraindications include increased seizure risk, bulimia, concurrent use of mono-

amine oxidase inhibitors or a bupropion preparation for depression.
6.3.8.2.  Second-line treatments
Clonidine has been evaluated in several trials, and while results are equivocal, efficacy is
supported by a meta-analysis.
Nortriptyline is also supported by two studies.
Neither second-line treatment currently has an indication for smoking cessation approved by
regulatory agencies, but both are approved for other indications and may be used by the

experienced clinician “off label” for smoking cessation.

Use of other medications for smoking cessation is not supported by currently available data.

6.4. Harm Reduction

For the smoker who is unable or unwilling to quit, there are few options.

The concept that the toxic effects of smoking can be partially mitigated while smoking

continues is termed harm reduction [25].

Several strategies are possible, including partial nicotine replacement, substituting cigarettes

for less harmful tobacco products and engineering the cigarette to produce less toxins.

None of these approaches have been demonstrated to have clinical benefit.
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7. Management of stable COPD: pharmacological therapy
7.1. Key points

e The medications for chronic obstructive pulmonary disease (COPD) currently available
can reduce or abolish symptoms, increase exercise capacity, reduce the number and
severity of exacerbations, and improve health status.

e At present no treatment is shown to modify the rate of decline in lung function.

e The change in lung function after brief treatment with any drug does not help in
predicting other clinically related outcomes.

e The inhaled route is preferred.

e Changes in forced expiratory volume in one second (FEV1) following bronchodilator
therapy can be small but are often accompanied by larger changes in lung volume,
which contribute to a reduction in perceived breathlessness.

e Combining different agents produces a greater change in spirometry and symptoms

than single agents alone.

7.2. General principles

Effective medications for COPD are available and all patients who are symptomatic merit a

trial of drug treatment.

Therapy with currently available medications can reduce or abolish symptoms, increase
exercise capacity, reduce the number and severity of exacerbations, and improve health status.

At present no drug treatment has been shown to modify the rate of decline of lung function.
The inhaled route is preferred when both inhaled and oral formulations are available. Smaller
doses of active treatment can be delivered directly with equal or greater efficacy and with

fewer side-effects when administered by inhalation.

Patients must be educated in the correct use of whatever inhalation device is employed.

Significant numbers of patients cannot effectively coordinate their breathing with a metered
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dose inhaler (MDI) but can use a breath-activated inhaler, a dry powder inhaler (DPI) device or
a spacer chamber. The latter may be useful when inhaled corticosteroids are administered, as it
reduces the oropharyngeal deposition and subsequent local side-effects associated with these

drugs.

Compliance with treatment is variable, but when assessed in large clinical trials at least 85% of
patients take 70% of the prescribed doses [1]. This probably reflects the fact that COPD
patients are constantly symptomatic. Adherence to treatment is helped by a clear explanation of
the purposes and probable outcome of therapy, together with reinforcement and review of both

of these aspects of management.

Although spirometry is needed to make an accurate diagnosis, the change in lung function
occurring after brief treatment with any drug is not helpful in predicting other clinically related
outcomes. Categorising treatment responses by whether the patient is “reversible” or
“irreversible” using spirometric criteria is not useful. Several studies have demonstrated

worthwhile clinical benefits in groups classified initially as having irreversible disease [2—4].

7.3. Bronchodilators

Three types of bronchodilator are in common clinical use: B-agonists, anticholinergic drugs and

methylxanthines.

Despite substantial differences in their site of action within the cell and some evidence for
nonbronchodilator activity with some classes of drug, the most important consequence of
bronchodilator therapy appears to be airway smooth muscle relaxation and improved lung

emptying during tidal breathing.

The resultant increase in FEV1 may be small but is often accompanied by larger changes in
lung volumes, with a reduction in residual volume and/or a delaying of the onset of dynamic
hyperinflation during exercise. Both of these changes contribute to a reduction in perceived
breathlessness [4, 5]. In general, the more advanced the COPD, the more important the changes

in lung volume become relative to those in FEV1.

62 of 222



63 of 222

To date, monitoring more complex variables, such as inspiratory capacity as a predictor of
improved exercise performance, has not been validated beyond the research laboratory.
Changes in forced vital capacity and relaxed vital capacity may be associated with significant
improvements in exercise capacity. This can occur even when these spirometric volume

improvements are more modest.

Other factors, such as nutritional status, cardiopulmonary fitness and peripheral muscle
strength influence exercise capacity and may limit the effect of bronchodilator treatment on

exercise capacity.

7.3.1. Clinical outcomes for bronchodilators

Short-acting bronchodilators can increase exercise tolerance acutely in COPD [2, 5].

Anticholinergics given q.i.d. can improve health status over a 3-month period compared with

placebo [6].

Long-acting inhaled B-agonists improve health status, possibly to a greater degree than using
regular ipratropium [7, 8]. Additionally, these drugs reduce symptoms, rescue medication use

and increase the time between exacerbations compared with placebo.

Combining short-acting agents (salbutamol/ipratropium) produces a greater change in

spirometry over 3 months than either agent alone [9].
Combining long-acting inhaled P-agonists and ipratropium leads to fewer exacerbations than
either drug alone [10]. No good comparative data between different long-acting inhaled B-

agonists are presently available although it is likely that their effects will be similar.

Combining long-acting B-agonists and theophylline appears to produce a greater spirometric

change than either drug alone [11].
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Tiotropium improves health status and reduces exacerbations and hospitalisations compared
with both placebo and regular ipratropium [12, 13]. It is at least equivalent to long-acting -
agonists in its effect and in one clinical trial appeared to be superior to salmeterol in some

measures over 6 months [14].

7.3.2. Nebulised drugs

Drug delivery by MDI and DPI is preferable. However, decisions on choice of nebulised

therapy will depend on local aspects such as costs, reimbursement and patient preference.

High doses of nebulised B-agonists and anticholinergics singly or in combination can be used

in exacerbations of severe disease when the simplicity of administration is an advantage.

In stable disease, limited data have failed to show any significant difference in exercise

performance between drugs given by nebuliser and by the spacer device.

Empirical guidance about the assessment of these agents is available [15] and focuses on

objective improvements in peak expiratory flow measured daily over 2 weeks.
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7.3.3. Clinical use of bronchodilator drugs

See figure 1.

| Confirm Diagnosis I

Intermittent Sym ptoms Short Acting BD PRM
cough, wheaze, axertionsl dyspnea inhaled F-agonisd, aticholinengic

Persistent Symptoms I_. LA-BO / Short Adting BD's gid + PRM (refiaver)

dyspnea, night watang
Limitad banefit?

yas

| Altemiats class { Combine Classes (LABD + IC5) |

Limitad benefit?
Side Effscts?

| #dd / Substitute oral Theophylline I

Fig. 1. - Algorithm for pharmacological treatment of chronic obstructive pulmonary disease (COPD). SA-
BD: short-acting bronchodilator; LA-BD: long-acting bronchodilator; ICS: inhaled corticosteroid. Assess
effectiveness by treatment response criteria. If forced expiratory volume <50% predicted and
exacerbations of COPD requiring a course of oral corticosteroid or antibiotic occurred at least once
within the last year, consider adding regular ICS. Always ensure the patient can use an inhaled device
effectively and understands its purpose. If an ICS and a long-acting B-agonist are used, prescribe a
combination inhaler.

Assessing treatment response is based on the questions in table 1.

Table 1. — Assessment of symptomatic benefit from pharmacological therapy

e Has your treatment helped you?

e Is your breathing easier in any way?

e Can you do some things now that you couldn’t do before or do the same things faster?
e Do you get less breathless when you are doing the things you did before?

e Has your sleep improved?

Try to obtain a specific example of something that has changed and reassess this symptom at

latter visits. Ask whether the treatment is ineffective, satisfactory, effective or very effective.
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Table 2 summarises the effects of frequently used medications in patients with COPD. The

evidence level was obtained from the GOLD document [15], using the same grade of evidence.

Grade A: randomised clinical trial (RCT), rich body of data; Grade B: RCT, limited body of

data; Grade C: nonrandomised trials, observational studies; Grade D: panel consensus.

Table 2. — Effect of commonly used medications on important clinical outcomes

Medication FEV1 Lung Dyspnoea HRQoL AE Exercise Disease Mortality Side-
volume endurance modifier effects
by FEV1

Short-acting  B- Yes Yes Yes NA NA Yes NA NA Some

agonist (A) B) (A) B)

Ipratropium Yes Yes Yes No Yes Yes No NA Some

bromide (A) B) (A) B) B) B)

Long acting pB- Yes Yes Yes Yes Yes Yes No NA Minimal

agonists (A) (A) A) (A) (A) B)

Tiotropium Yes Yes Yes Yes Yes Yes NA NA Minimal
(A) (A) (A) (A) (A) B)

Inhaled Yes NA Yes Yes Yes NA No NA Some

corticosteroids (A) (B) (A) (A)

Theophylline Yes Yes Yes Yes N Yes NA NA Important
(A) B) (A) B) A B)

FEV1: forced expiratory volume in one second; HRQoL: health-related quality of life; AE: exacerbation of

COPD; NA: evidence not available.
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7.3.4. B-Agonists

These are available in several formulations, as follows.
e Inhaled: short acting (<6 h) effect on lung function; long acting (>12 h) effect on lung
function.
e Oral: there is a limited role for regular oral f-agonist treatment in COPD (see Patients:

medication).

7.3.4.1.  Pharmacology
These drugs increase cyclic adenosine monophosphate (AMP) within many cells and promote
airway smooth muscle relaxation. Other nonbronchodilator effects have been observed but

their significance is uncertain.

The time of onset evaluated by FEV1 is longer than in bronchial asthma and tends to be greater
with long-acting inhaled B-agonists like salmeterol, but not formoterol [16]. It is not yet clear if
the differences in onset of action (fast-onset action versus slow-onset action) have any clinical

role in COPD.

The duration of action is influenced by the outcome selected. An increase in FEV1 beyond
baseline is present for up to 6 h after albuterol/salbutemol, although a clinically significant
change is unlikely beyond 4 h [17]. Long-acting inhaled B-agonists (salmeterol, formoterol)

increase lung function for at least 12 h in COPD [7, 18].

There is a relatively small and flat dose-response relationship with all B-agonists.

7.3.4.2.  Side-effects
These are dose related, more frequent in oral than inhaled formulations and include the
following.
e Palpitations and premature ventricular contraction, resulting from stimulation of 3,
receptors in the heart. There is no evidence of clinically important adverse cardiac

effects even in individuals with a history of stable cardiac disease.
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e Tremor, a troublesome symptom, particularly evident after high-dose nebulisation.
With the use of MDI, tremor can be reduced by the use of spacer chambers.

e Sleep disturbance appears to be worse on higher doses of inhaled long-acting drugs [8].

e Metabolic, including hypokalaemia and increased resting oxygen consumption with
high dose therapy, but both show evidence of tachyphylaxis and are probably more
evident in people with milder degrees of airways disease [19]. Clinically, neither
presents a significant problem [20]. Likewise, transient resting hypoxaemia is a

consistent but clinically unimportant finding [21].

7.3.5. Anticholinergic drugs

These are only available by the inhaled route, although a number of preparations are available,
the commonest are:

e ipratropium

e oxitropium

e tiotropium

7.3.5.1.  Pharmacology
These drugs act by blocking muscarinic receptors that are known to be functional in COPD

[22].

Tiotropium remains bound to receptors for up to 36 h, producing sustained bronchodilitation
after a once-daily dose [23]. Other anticholinergics have to be given more frequently, up to

four times daily, and are often used as maintenance treatment.

Onset of bronchodilation takes place within 30 min and there is a modest dose-response

relationship as evaluated by FEV1.

7.3.5.2. Side-effects
The drugs in this class are not associated with a significant incidence of prostatism or cardiac
side-effects. Nonetheless, caution is recommended in the context of prostatic symptoms or

glaucoma.
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The most commonly reported adverse events are as follows.
e Dry mouth, which is most marked with tiotropium.
e Metallic taste after inhalation, which is most marked with ipratropium.
e C(losed angle glaucoma, a very rare complication that has only been reported in
individuals using a high dose of treatment with a nebuliser and face mask.

e Paradoxical bronchoconstriction has been reported in asthmatics but not confirmed in

COPD.

7.3.6. Methylxanthines

These agents can only be taken by mouth and include theophylline, aminophylline and its

derivatives.

7.3.6.1.  Pharmacology

These drugs are nonspecific phosphodiesterase inhibitors that increase intracellular cyclic
AMP within airway smooth muscle. The bronchodilator effects of these drugs are best seen at
high doses where there is also a higher risk of toxicity [24]. Other actions than
bronchodilatation have been proposed. How important they are clinically remains to be

established.

The narrow therapeutic margin and complex pharmacokinetics make their use difficult but
modern slow-release preparations have greatly improved this problem and lead to a stable
plasma level throughout the day. Generally, therapeutic levels should be measured and patients

should be kept on the lowest effective dose (recommended serum level 8—14 ug-dl™).
These drugs are commonly taken in the morning and the evening but 24-h formulations are
available. The slow onset of action makes these agents suitable for maintenance but not rescue

therapy. There is some evidence of a dose-response effect [25], which is limited by toxicity.

7.3.6.2.  Side-effects

Major toxicity: ventricular and atrial rhythm disturbances, and convulsions.
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Significant minor toxicity: headache, nausea, vomiting, diarrhoea and heartburn.
Drug interactions: plasma levels are decreased by cigarette smoking, anticonvulsant drugs and
rifampicin, and increased by respiratory acidosis, congestive cardiac failure, liver cirrhosis and

other therapies such as erythromycin and ciprofloxacin.

7.4. Glucocorticoids

Preparations: by inhalation
e beclomethasone
e budesonide
e triamcinolone
e fluticasone

e flunisolide

Oral corticosteroids are not indicated in stable COPD due to the multiple side-effects and

skeletal muscle myopathy in particular. They are also important during exacerbations.

7.4.1.1.  Pharmacology

Glucocorticoids act at multiple points within the inflammatory cascade, although their effects
in COPD are more modest compared with bronchial asthma. Data from large patient studies
suggest that inhaled corticosteroids can produce a small increase in postbronchodilator FEV1

and a small reduction in bronchial reactivity in stable COPD [1, 26, 27].
The onset of action is slow and there are little data to support a dose-response relationship.
Most studies have been performed using relatively high doses as “proof of principle” rather

than to define the effective dose of treatment.

High-dose inhaled glucocorticoids can be systemically available due to absorption from the

pulmonary circulation, but the effect is also less than that of oral corticosteroids (prednisolone).
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7.4.1.2. Side-effects
Oral glucocorticosteroids produce many side-effects, especially osteoporosis, peripheral
myopathy and cataract. Clear evidence that these complications occur as a result of inhaled

corticosteroid use in COPD is lacking.

Data on the effect of inhaled corticosteroids on bone mineral density is contradictory, with
evidence of significant reductions in femoral neck mineralisation after use of triamcinolone

[27] but improvements in bone density after budesonide [26].

Spontaneous skin bruising is a common finding that has been noted to occur with inhaled
corticosteroids more frequently than in patients randomised to placebo medication in the one

clinical trial where it has been assessed.

Topical side-effects due to pharyngeal deposition are well recognised and include

oropharyngeal candiasis and hoarse voice.

7.4.1.3. Clinical outcomes
In patients with more advanced disease (usually classified as an FEV1 <50% predicted) there is
evidence that the number of exacerbations per year and the rate of deterioration in health status

can be reduced by inhaled corticosteroids in COPD [1].

Evidence from four large prospective 3-yr studies has shown no effect of inhaled

corticosteroids on rate of change of FEV1 in any severity of COPD [1, 26-28].

7.4.1.4. Clinical indication
See figure 1.

When therapy is thought to be ineffective, a trial of withdrawing treatment is reasonable. Some

patients will exacerbate when this occurs, which is a reason for re-instituting this therapy [29].
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7.5. Combination therapy

Combining long-acting inhaled B-agonists and inhaled corticosteroids in one inhaler seems a

convenient way of delivering treatment [30-32].

The initial trial data show a significant additional effect on pulmonary function and a reduction
in symptoms in those receiving combination therapy compared with its components [32]. The
largest effects in terms of exacerbations and health status are seen in patients with an FEV1
<50% predicted, where combining treatment is clearly better than either component drug used

by itself.

7.6. Mucolytic/antioxidant therapy
These include drugs such as:

e ambroxol

e erdosteine

e carbocysteine

e iodinated glycerol

The regular use of these drugs has been evaluated in a number of studies with little evidence of

any effect on lung function.

Data from a Cochrane review of the studies supports a role for these drugs in reducing the

number of exacerbations of chronic bronchitis [33].

There is better evidence that N-acetylcysteine, a drug with mucolytic and anti-oxidant actions,
can reduce the number of exacerbations of COPD and this is currently under study in a large

prospective trial [34].
7.7. o-Trypsin augmentation therapy
Patients identified with a;-antitrypsin deficiency are eligible for treatment with this agent in the

USA but not in Europe.

72 of 222



73 of 222

This is presently administered by intravenous infusion of purified protein twice weekly, which
can sustain circulating o antitrypsin to have a biological effect. It is extremely expensive and,
to date, no randomised trial has shown an improvement in the decline of lung function with
time with this treatment. However, the observational cohort in the US National Registry has
provided data suggesting that the rate of decline of lung function is less in those patients
treated with replacement therapy than would be anticipated in historical controls. A European
trial has suggested that disease progression, as judged by computed tomography-measured

emphysema, is slower than patients not receiving replacement therapy [35].

7.8. Other agents

7.8.1. Leukotriene receptor antagonists/cromones

There are no data to support the use of these agents in COPD.

7.8.2. Maintenance antibiotic therapy

Despite the attraction of reducing lower respiratory tract colonisation, there are no data to
indicate that these drugs are effective in modifying symptoms, exacerbations or lung function

decline.

7.8.3. Immunoregulators

One study has shown that an immunostimulator can reduce the severity, but not the frequency,
of exacerbations in stable COPD. However, these data have not been supported by further

publications [36].

7.8.4. Vasodilators

Many drugs, including inhaled nitric oxide and oral calcium antagonists, have been given to
COPD patients to reduce pulmonary artery pressure and/or prevent progression of pulmonary
hypertension. In all cases this has resulted in a deterioration of ventilation-perfusion matching

and a reduction in arterial oxygen tension, which has offset any beneficial effect.
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Other side-effects, e.g. peripheral oedema with calcium antagonists, outweigh any modest

advantages these drugs provide

7.8.5. Respiratory stimulants

Almitrine bismesylate is a specific oral peripheral chemoreceptor stimulant, which modifies
ventilation-perfusion matching within the lung. Given orally it can improve oxygenation in
COPD. It also induces peripheral neuropathy, which has restricted its widespread use. At

present, it is not licensed for use in the USA and many European Union countries.

7.8.6. Vaccination

Vaccination against influenza, using an appropriate recommended vaccine, can reduce serious
illness and death in COPD by ~50% [37]. Vaccines containing cold or live inactivated viruses

are recommended, as they are more effective in elderly patients with COPD [38].

Vaccination against pneumococcal disease reduces bacteraemia in vaccinated patients with
pneumonia [39]. The vaccination is indicated for all elderly patients depending on national

recommendations.

7.8.7. Anabolic steroids

This is addressed in Management of stable COPD: pulmonary rehabilitation.
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8. Management of stable COPD: long-term oxygen Rx

8.1.

8.2.

Key points

Long-term oxygen therapy (LTOT) improves survival, exercise, sleep and cognitive
performance.

Reversal of hypoxaemia supersedes concerns about carbon dioxide (CO,) retention.
Arterial blood gas (ABG) is the preferred measure and includes acid-base information;
arterial oxygen saturation as measured by pulse oximetry (Sp,0;) is adequate for
trending.

Oxygen sources include gas, liquid and concentrator.

Oxygen delivery methods include nasal continuous flow, pulse demand, reservoir
cannulas and transtracheal catheter.

Physiological indications for oxygen include an arterial oxygen tension (Pa,0,) <7.3
kPa (55 mmHg). The therapeutic goal is to maintain Sp,0, >90% during rest, sleep and
exertion.

Active patients require portable oxygen.

If oxygen was prescribed during an exacerbation, recheck ABGs in 30-90 days.
Withdrawal of oxygen because of improved Pa,0; in patients with a documented need
for oxygen may be detrimental.

Patient education improves compliance.

Rationale

LTOT reverses hypoxaemia and prevents hypoxia, and has been shown to improve life

expectancy in patients with chronic lung disease.

A British Medical Research Council (MRC) study compared hypoxaemic patients receiving

oxygen for 15 h'day, including the hours of sleep, with patients receiving no oxygen. This

trial demonstrated that oxygen was associated with a significant reduction in mortality [1]. The

Nocturnal Oxygen Therapy Trial (NOTT), comparing continuous oxygen therapy (average 19
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h'day™') with therapy for 12 h-day’, including the hours of sleep, demonstrated a further

reduction in mortality using continuous oxygen [2].

The mechanism for improved survival has yet to be completely delineated, but pulmonary
haemodynamics appear to play a role [3-7]. Oxygen therapy has been accompanied by a
modest yearly decline in pulmonary artery pressure [3]. Pulmonary vascular resistance may be
decreased in acute response to oxygen if the patient is nonoedematous, but not in patients with

oedema [6].

Continuous oxygen therapy reverses secondary polycythemia, improves cardiac function
during rest and exercise [8, 9], reduces the oxygen cost of ventilation, and improves exercise
tolerance [10-12] and quality of life [13]. Hypoxemic patients (Pa,0, <50 mmHg) may
experience neuropsychiatric deficits in abstract thinking, motor skills and perceptual motor

abilities [14-16].

8.2.1. Oxygen therapy during sleep

Many patients on chronic oxygen spend >30% of the night with an Sp,0, <90% while breathing
oxygen at the daytime flow rate [17, 18]. If the patient does not have sleep-disordered
breathing due to other causes, the administration of oxygen at a flow rate higher than the

daytime setting will usually correct nocturnal hypoxaemia.

There is evidence that patients who desaturate only during sleep benefit from nocturnal
supplemental oxygen [18]. Increased mortality among patients with nocturnal desaturation and
daytime Pa,0, >8 kPa (60 mmHg) has been demonstrated in retrospective studies [19].
However, well-controlled studies have not shown that use of nocturnal supplemental oxygen
alters mortality or clinical course in patients who experience hypoxaemia only during sleep,

other than slightly lowering pulmonary artery pressure [20].

8.2.2. Oxygen therapy during exercise

Oxygen therapy during exercise decreases dyspnoea and improves exercise tolerance at

submaximal workloads [21]. Supplemental oxygen may increase exercise endurance and
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decrease dyspnoea via a reduction in minute ventilation, dynamic hyperinflation and improved

breathing patterns [12, 22].

COPD patients are encouraged to remain active. Many patients with COPD who are
hypoxaemic at rest are more hypoxaemic during exertion, while others develop hypoxaemia
only during exertion. LTOT is prescribed commonly for both groups, even though studies
designed to determine the long-term benefit of oxygen solely for exercise have yet to be

conducted.

There is no standardised method for determining exercise oxygen settings. Oxygen settings
should be determined while the patient is doing a typical level of exertion, usually walking in a
hallway, using the prescribed delivery device (nasal cannula or oxygen conserving device).
The goal is to maintain the Sp,0, >90% when the patient is exercising at a submaximal level

equal to or slightly greater than usual exertion in their daily activities.

8.3. Measuring oxygenation

Ways of measuring oxygenation include ABG, noninvasive Sp,0, and transcutaneous Pa,0,.

8.3.1. Arterial blood gases

Gas exchange and acid base status are measured via ABG. ABG is recommended for initiation
of oxygen therapy as well as to determine arterial carbon dioxide tension (Pa,CO) and acid-
base status. ABG may also be used initially to confirm the accuracy of pulse oximetry.
Measured at the beginning and end of an exercise session, ABG will provide confirmatory data

on oxygenation as well as Pa,CO, and acid base status.

The methodology for arterial sampling is standardised and safe, and complications are
uncommon and relatively minor. Sources of error in ABG measurements include improper
sample site (vein rather than artery), inadequate blood handling techniques, high white blood
cell count (decreases the Pa,02) and poor instrument calibration. The arterial blood gas analyser

measures Pa,0;, Pa,CO; and pH. Bicarbonate and arterial oxygen saturation (Sa,0,) are
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calculated using algorithms. Sa,0, can also be measured directly, via a co-oximeter, which also

measures carboxyhaemoglobin.

8.3.2. Noninvasive pulse oximetry

Sp.0, is measured by comparing the transmission of two wavelengths of light through the
finger, earlobe or other dermal locations. It compares oxygenated blood (red band) with
unoxygenated blood (infrared band), and computes the saturation [23]. Pulse oximetry

generally correlates well with arterial co-oximetry, with a 1-2% error.

High levels of methaemoglobin, carboxyhaemoglobin, bilirubin, dark skin pigment, inadequate

tissue perfusion and movement artefact create inaccuracies [24].

Newer pulse oximeters are less sensitive to movement artifact. In general, pulse oximetry Sp,0,
is a good method for following trends in oxygen saturation and can be used for titrating the

oxygen flow setting in stable patients with good circulation.

8.3.3. Transcutaneous arterial oxygen tension

Transcutaneous Pa,0, measures the local oxygen level directly on the dermal surface. It allows
continuous assessment and, in contrast to oximetry, can measure hyperoxia. It requires a heated
electrode to promote local tissue perfusion, which may cause burns and heat blisters.

Transcutaneous Pa,0,1s inaccurate in adults and therefore not recommended.

8.4. Hazards of oxygen

Oxygen therapy may be associated with such adverse effects as absorptive atelectasis and
reduction of hypoxic vasoconstriction that might extend ventilation/perfusion (V'/Q")
mismatch. In general, oxygen therapy is safe and effective. The net effect of oxygen therapy is
to reverse hypoxaemia and the benefits far outweigh any risks [25]. Hazards the clinician must
recognise include oxygen toxicity, CO; retention and physical hazards during the storage and

handling of oxygen.
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8.4.1. Oxygen toxicity

Patients exposed to inspiratory oxygen fraction (¥1,02) >50% may experience oxygen toxicity,
particularly if the exposure is prolonged. Oxygen toxicity is related to free radicals. The major
end product of normal oxygen metabolism is water. Some oxygen molecules, however, are
converted into highly reactive species called radicals, which include superoxide anions,

perhydroxy radicals and hydroxyl radicals, and are toxic to alveolar and tracheobronchial cells.

Pathophysiological changes include decreased lung compliance, reduced inspiratory airflow,
decreased diffusing capacity and small airway dysfunction. While these changes are well
recognised in the acute care setting of mechanically ventilated patients receiving FI1,0, >50%,
little is known about the long-term effect of low flow (24-28%) oxygen. It is widely accepted
that the increased survival and quality-of-life benefits of long-term oxygen therapy outweigh

the possible risks.

8.4.2. Carbon dioxide retention

There has been an overemphasis that administration of oxygen may lead to respiratory drive
depression, hypercapnia with resulting respiratory acidosis [26-29]. This has caused some
clinicians to be overly timid about prescribing oxygen. Oxygen-induced hypercapnia does

rarely occur, but it is even rarer that this leads to respiratory acidosis.

The mechanism is that alveolar hypoxia leads to pulmonary artery vasoconstriction, which
causes increased blood perfusion to under-ventilated alveoli [27, 28]. As better-ventilated lung
units receive less perfusion, the V'/Q" mismatch becomes greater. In most cases, titrating
oxygen flow so as to maintain Pa,0; at 8-8.6 kPa (60—65 mmHg) can minimise the likelihood
of hypercapnia and respiratory acidosis. When hypercapnia is present, initial oxygen delivery

settings should be titrated using serial ABG assessments rather than relying solely on oximetry.

CO, retention is tolerable for patients with an intact renal system, since they are capable of
reabsorbing enough bicarbonate and maintain acid-base balance. The ability of patients to
tolerate CO, retention (permissive hypercapnia) is thought to be an adaptive mechanism that

lessens the work of breathing. Accordingly, there is a significant population of COPD patients
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who are chronic CO, retainers while maintaining their pH in a normal range. In all cases,

correction of hypoxaemia takes precedence over concerns about CO; retention.

8.4.3. Physical hazards

The major physical hazards of oxygen therapy are fires or explosions. Most fires are caused by
patients lighting cigarettes as oxygen is flowing into their noses [30]. While the cannula is
constructed of fire-retardant plastic, both the cannula and the patient’s nose will burn in the
presence of a flame and oxygen in high concentrations. Patients, family and other care-givers
must be warned not to smoke near oxygen. In general, major accidents associated with oxygen
therapy are rare and can be avoided by good patient and family training along with common

sense.

8.4.3.1. Gas Oxygen

Compressed gas oxygen containers should not be stored near water heaters, furnaces or other
sources of heat or flame. A compressed oxygen cylinder can be accidentally knocked over,
causing explosive disconnection of the regulator and rendering the cylinder a dangerous

missile.

8.4.3.2. Liquid Oxygen
Serious freeze burns can occur if the patient does not take proper precautions while transfilling

liquid oxygen.

8.5. Oxygen sources and delivery devices

8.5.1. Oxygen sources

Oxygen comes packaged in three types of systems: compressed gas, liquid and oxygen
concentrators. The trade-offs include size and weight of the device, storage capacity, cost and
transfillability. The features of the systems are compared in table 1. Both liquid and

compressed gas systems are becoming smaller and lighter.
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Table 1. — Gas, liquid and concentrator oxygen systems

Features Concentrator Compressed gas Liquid

Availability Common Common Limited

Reliability Good with regular service Good but gauges may  Generally good; connector
become inaccurate may freeze

Cost Low but cost of electricity born by patient Moderate High

Power:wall current Required Not required Not required

Transfilling Only on special units that allow transfilling Limited Excellent

Ambulatory use Good with transfill systems to gas+ OCD Good with OCD Good alone and with OCD

Stationary weight 35-50 1b H cylinder 200 1b Reservoir 120 1b

Use time at 2 L-min"  Continuous 2.5 days 8.9 days, special system >30d

Portable weight Portable units are not presently available E cylinder 22 1b + cart 6 Ib with no OCD

Use time at 2 L-min”  Unlimited 5h 4h

Portable with OCD See gas transfill portable with OCD M6 cylinder 4.5 1b 3.4 1b with OCD

Use time at 2 L-min"  See gas transfill portable with OCD 12h 10h

Conserver: oxygen conserving device (OCD). *: there is now a choice in oxygen delivery devices and systems that combine the

benefits of conserving devices either gas or liquid systems. For example, the smallest liquid system weighs only 3.4 b and

provides 10 h of oxygen. The smallest gas system weighs 4.5 1b, refills from an oxygen concentrator and provides 12 h of

oxygen. Availability of these systems varies by locality.

8.5.1.1. Transfilling
Liquid has been the standard transfill system. Now, portable compressed gas oxygen cylinders
can be safely transfilled from a uniquely constructed oxygen concentrator. An additional

advantage of these systems is that home oxygen deliveries are no longer required.

8.5.2. Oxygen Delivery Devices

8.5.2.1. Continuous flow dual-prong nasal cannula
The continuous flow dual-prong nasal cannula is the standard means of oxygen delivery for the

stable hypoxaemic patient. It is simple, reliable and generally well tolerated [31-34].

The nasal cannula delivers a low flow of pure oxygen entrained in a much larger volume of
atmospheric air (20.9% oxygen). Each litre per minute of oxygen flow adds about 3—4% to the
FLO,. A rough approximation is that 1 L'min™ increases the F1,0, to 24%, 2 L'min”' to 28%,

85 of 222



86 of 222

and 3 L'min” to 32%. However, these small increases are usually sufficient to increase the

arterial oxygen content to acceptable clinical levels.

The actual F1,0, for any particular patient is variable, depending on the anatomy and patency of
the nares and moment-to-moment variation in respiratory rate and pattern, as well as the
underlying pathophysiological process. The F1,0, is inversely related to the inspiratory rate, i.e.
a more rapid inspiratory rate dilutes the oxygen flowing into the nares with more room air,

thereby reducing the F1,0..

Mouth breathing

Some studies indicate that mouth breathing impairs oxygen delivery, while others show no
such reduction [31, 32]. Most mouth breathers have some nasal airflow as well. Since only a
small nasal inspiratory flow is necessary, and some oxygen is stored in the nasal and sinus

passages, nasal oxygen delivery is still beneficial to these patients.

8.5.2.2. Oxygen-conserving devices

Oxygen-conserving devices function by targeting oxygen delivery to early inhalation. These
devices were developed in an effort to improve the portability of oxygen therapy by reducing
the litre flow and thereby enabling patients to use a smaller and lighter ambulatory system, or a
standard system for longer time periods [33]. Other advantages include a reduction of overall
costs of LTOT and the ability to treat refractory hypoxaemia more effectively. There are three
distinct devices: reservoir cannulae, demand pulsing oxygen delivery devices and transtracheal

oxygen. Their characteristics are summarised in table 2.
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Table 2. — Comparison of oxygen-conserving devices

Conserving device Reservoir cannula Demand pulse delivery Transtracheal catheter
Conserving method Store during exhalation  Early inspiration delivery Store: end-exhale; UAW Vd
Efficiency gain (savings) 2:1-4:1 2:1-7:1 2:1-3:1
Reliability Good Mechanically complex Mucus plug possible
Comfort Adequate—good Adequate—good Good
Cosmetics Obtrusive Adequate Best
Cost Low Higher Higher
Unique advantages Inexpensive Most efficient Cosmetics
Easy initiation Alarms programmable No nasal/ear irritation
Reliable Good compliance
Effective with exercise Reduce minute ventilation
Disadvantages Bulky on face Mechanically complex Special care + training required
Failure is possible Surgical complications
Mucus plugs

UAW: upper airway; Vd: dead space

Oxygen-conserving devices overall

The goal of prescribing oxygen-conserving devices is to improve portability, mobility and
comfort and enable patients to be more active. They lessen the cost of home oxygen therapy by
reducing number of home deliveries. This is in spite of the fact that oxygen-conserving systems
are initially more expensive. As they are more efficient they are a prescribing option that can

meet the needs of patients who require higher flow settings.

Humidification

There is no evidence that humidification is necessary when oxygen is given by nasal cannula at
flows <5 L'min”', as evidenced by subjective complaints or severity of symptoms [35]. There
are no differences in subjective complaints or in severity of symptoms over time. These
findings are explained by the low water vapour output of bubble humidifiers and small
contribution of oxygen flow to the patient’s inspired minute ventilation, since most of the
patient’s tidal volume consists of atmospheric gas. Moreover, oxygen flowing through the
bubble humidifier is at room temperature; when it is raised to body temperature, the relative

humidity falls.
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This finding does not apply to patients receiving oxygen by tracheostomy or transtracheal
oxygen (TTO), in whom the catheter has bypassed the upper airway. For these patients,
humidification of inspired gas is essential even at low flow rates (I L'min™). TTO patients,
who are at high risk for mucus ball formation, including those with high oxygen flows >5
L-min”', may produce large amounts of mucus, or have a weak cough. These patients might

benefit from heated and humidified oxygen.

Reservoir cannulas actually return some of the patient’s humidification at the temperature of
exhaled gases. Hence, the patient receives his own humidification at higher than room

temperature.

Reservoir cannulas

Reservoir cannulas operate by storing oxygen in a small chamber during exhalation for
subsequent delivery during early phase inhalation. They are cycled by the patient’s nasal
inspiratory and expiratory pressures. They are available in two configurations: Oxymizer and

Pendant [34, 36]. The delivery efficacies of the two are roughly equivalent.

Compared with continuous flow oxygen, reservoir cannulas are two to four times as
efficacious. They reduce oxygen usage by lowering the oxygen flow setting to 25-50% of that
required for continuous flow oxygen to achieve equivalent Sa,0,. They are also indicated for

patients with high flow oxygen needs.

Demand pulsing oxygen delivery devices

Demand pulsing oxygen delivery devices deliver a small bolus of oxygen at the onset of
inhalation [37]. Connected between the nasal cannula and the pressurised oxygen source, they
sense the start of inhalation through the nasal cannula, whereupon they immediately enable a
short pulse of oxygen to flow to the patient. Because oxygen delivered at the beginning of
inhalation reaches the ventilated alveoli, small oxygen pulses are very effective in oxygenating

the patient.
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These devices vary in their design features, including delivery strategy, missing breath alarms
and battery life. Pulse demand devices have also been combined with a transtracheal oxygen
catheter, which further improves the delivery efficacy of transtracheal oxygen delivery [38].
The overall delivery efficacy of this combination is about equivalent to the most efficacious

pulsed demand nasal delivery.

There have been recent concerns that pulsing devices may not maintain Sa,0, during exercise.
Some newer pulsing devices have been specifically designed to maintain Sa,0, during exertion

[39].

Transtracheal oxygen

TTO is delivered directly by the insertion of a catheter percutaneously between the second and
third tracheal rings [40]. Conservation occurs because the anatomic reservoir is increased to
include the airways above the catheter insertion site. TTO can reduce the flow rate of oxygen

by ~50% at rest and 30% during exercise compared with nasal cannula delivery [41].

Unique considerations

Although TTO is considered in the category of oxygen conserving devices, it is considerably
different from the approaches discussed earlier. TTO reduces inspired minute ventilation [42],
which may lessen the work of breathing, conserve energy expenditure while lessening
dyspnoea. High flow via a transtracheal catheter reduces total dead space volumes in an
amount proportional to the increase in flow rate. The pleural pressure-time index and tension-
time index for the diaphragm decreases, which may account for the decrease in dyspnoea and

increase in exercise tolerance seen in these patients.

Transtracheal team

TTO requires a trained team of clinicians to evaluate, educate and monitor patients [43]. The
ideal candidate for TTO has a strong desire to remain active, is willing to follow the care
protocol, is not experiencing frequent exacerbations, has a care-giver who is willing to assist

with problem solving and details of care, and lives within 2 h of the institution or has
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equivalent follow-up in the home community [44]. TTO is of particular benefit to patients who

are unwilling to accept the visible nasal cannula and thereby reject oxygen therapy.

Contraindications

Relative contraindications include high-dose steroids (e.g. prednisone >30 mg-day”) and
conditions that predispose to delayed healing, e.g. diabetes mellitus, connective tissue disease
or severe obesity. Absolute contraindications include subglottic stenosis or vocal cord
paralysis, herniation of the pleura into the insertion site, severe coagulopathy, uncompensated

respiratory acidosis and inability to practice self-care.

Complications

Complications of TTO are infrequent but can be serious. They include catheter displacement,
bacterial cellulitis, subcutaneous emphysema, haemoptysis, severed catheter and mucus balls.
Mucus balls can develop on the catheter due to the drying effect of the oxygen, increased
sputum production and poor adherence to cleaning schedules; they may cause coughing,
catheter blockage and tracheal obstruction, with serious consequences. Daily cleaning prevents

mucus ball formation in most patients.

8.6. Home oxygen therapy

8.6.1. Appropriate candidates for long-term oxygen therapy

Patients whose disease is stable on a full medical regimen, with Pa,0, <7.3kPa (55 mmHg)

(corresponding to an Sa,0, <88%), should receive LTOT.
A patient whose Pa,0, is 7.3-7.8 kPa (55-59 mmHg) (Sa,0, 89%) and who exhibits signs of
tissue hypoxia, such as pulmonary hypertension, cor pulmonale, erythrocytosis, oedema from

right heart failure or impaired mental status, should also receive LTOT.

Desaturation only during exercise or sleep suggests consideration of oxygen therapy

specifically under those conditions.

90 of 222



91 of 222

These guidelines are generally accepted and have been adopted by various healthcare systems
as reimbursement criteria. Some gray areas remain, such as patients with adequate Pa,0, who
have severe dyspnoea relieved by low-flow oxygen or patients who are limited in their

exertional capacity but improve their exercise performance with supplemental oxygen.

These LTOT indications are summarised in the table 3.

Table 3. — Physiological indications for long-term oxygen therapy (LTOT)

Pa,0O, mmHg Sa,0, % LTOT indication Qualifying condition
<55 <88 Absolute None
55-59 89 Relative with qualifier “P” pulmonale, polycythemia >55%

History of oedema
260 290 None except with qualifier Exercise desaturation
Sleep desaturation not corrected by CPAP

Lung disease with severe dyspnea responding to O,

Pa,0,: arterial oxygen tension; Sa,O,: arterial oxygen saturation; Right heart failure; CPAP: continuous positive

airways pressure; O,: oxygen.

8.6.2. Optimal medical regimen

One of the goals of any medical regimen is to optimise V/Q' matching as a means of correcting

hypoxaemia. This is particularly important during and after an acute exacerbation.

The NOTT [2] incorporated an initial 4-week period in order to optimise medical therapy prior
to initiation of oxygen therapy. During this stabilisation phase, nearly 50% of patients who
initially qualified for the study according to blood gas criteria alone improved to such an extent
on bronchodilators, antimicrobials and corticosteroids (when indicated) that they no longer
qualified by blood gas criteria. Consequently, ensuring that the patient is receiving optimal
medical management is an important component of the evaluation of need for LTOT.
Particular attention should be given to the pharmacological regimen, exacerbation history and
the presence of comorbidities that may exacerbate symptoms, e.g. congestive heart failure,
sleep-disordered breathing. If the regimen is not optimal but the patient meets criteria, oxygen
therapy should be initiated followed by an evaluation in 1-3 months to determine continued

need.
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One aspect of good medical management is the oxygen therapy itself. Recent reports suggest
that oxygen may have a reparative effect by reducing pulmonary artery vasoconstriction,
improving V'/Q" matching and other mechanisms [45]. Accordingly, withdrawing oxygen

because of improved Pa,0, may be detrimental.

8.6.3. Prescribing home oxygen therapy

See figure 1.

Hypoxemia from Disease Progression
Or Recovering from Acute Exacerbation

Pa0z < 55 mmHg; Sa02 < 88%
or
Padz =55 — 58 mmHg with cor pulmonale, polyeythemia
With optimal medical management

|
Prescribe Oxygen
Goal: Pa0z = 60 mmHg (Sa0z = 80%)
Rest — Sleep - Exertion

Titrate Flow to Goal
Rest (Sa02 > 890%)

- Exertion: add 1 Limin or / Titrate Exercise flow:
,/, Titrate Sleep flow: ar Sleep: add 1 Limin \\_ Sa0z = 90%
8 hr sleep - Sa02 > 90%
"

e

‘\-H-""\-\.
%xemia identified

during exacerbation?

Recheck ABG 30-00 days ||
|

a0z = 55 or 55-59 +
Cor pulmonale / polycythemia
rest, sleep, exertion?

no

Continue LTOT

Discontinue LTOT

PaQ:z 55-590 mmHg = 7.3-8.0 kPa Titrats Flovw.
Assure Sa0z > 80%
Rest — Sleep - Exertion

Fig. 1. - A flow chart for prescribing long-term oxygen therapy (LTOT). Pa,O,: arterial oxygen
tension; Sa,O,: arterial oxygen saturation; ABG: arterial blood gases.

8.6.3.1. Initiating long-term oxygen therapy

When initiating LTOT it is advisable to measure an ABG after breathing room air for 30 min.

An ABG is also required to determine the presence of hypercapnia or respiratory acidosis.
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Pulse oximetry (Sp,0,) is not considered adequate for initiating LTOT. However, oximetry may

be used to adjust oxygen flow settings over time.

8.6.3.2. Administering long-term oxygen therapy
The standard of care for administration of LTOT should be continuous administration (24

h-day™") with ambulatory capability [2, 46].

Exceptions to continuous administration with ambulatory capability include patients who: 1)
are incapable or unwilling to be mobile; 2) require oxygen only during sleep; 3) require oxygen

only during exercise; or 4) refuse to use a portable device for ambulation.

8.6.3.3. Ambulatory oxygen systems
Ambulatory oxygen systems should weigh <10 Ib, provide oxygen at 2 L h'min”' for >4-6 h

and be packaged so that they can be carried by the patient.

8.6.3.4. Stationary oxygen
Stationary oxygen may be delivered via a concentrator, compressed gas or liquid. The choice

of system will depend upon availability, cost and which portable system is suitable.

8.6.3.5. Larger portable oxygen systems

Larger portable oxygen systems, such as a steel cylinder on wheels, are suitable for patients
who only occasionally go beyond the limits of the stationary delivery system (generally
considered to be 50 ft of tubing) [46]. If the patient is not mobile beyond a 150 m radius, an

oxygen concentrator is suitable.
8.6.3.6. Oxygen settings

Oxygen settings should be adjusted for rest, exertion and sleep to meet the individual patient’s

needs. See figure 1.
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Settings for rest, exertion and sleep

Rest. The resting oxygen flow rate can be adjusted, while monitoring oximetry to Sp,02» >90%.
ABG should then be used to establish initial Pa,0, with corroborating oximetry Sp,0,. To insure
equilibration, 20-30 min should be allowed after each change in litre flow. For a more accurate
reading, the clinician should check the oximeter display for a stable signal and a pulse that is in

synchrony with the patient’s heart rate. Fingernail polish, if worn, may need to be removed.

Sleep. The sleep oxygen flow rate can be determined using two strategies: 1) the flow can be
increased 1 L'min" above the daytime resting prescription; or 2) nocturnal polysomnography
or nocturnal pulse oximetry can be performed to support a more accurate prescription. If there
are signs of cor pulmonale despite adequate daytime oxygenation, the patient should be

monitored during sleep to determine the best sleep oxygen setting.

Exertion. During exertion, the goal is to maintain Pa,0, >60 mmHg (8 kPa) or Sa,0, >90%. If
the patient is using an oxygen-conserving system, titration should be performed while the

patient is using that system. This is particularly true during exercise conditions.

8.6.3.7. Determination of continued need
Standards for continuing oxygen therapy differ depending on whether it is prescribed for the
first time during an acute exacerbation or at a time when the patient is relatively stable and

receiving optimal therapy [45].

Identification during exacerbation

Some patients with COPD become hypoxaemic during an exacerbation.
Approximately 25-65% of these patients will subsequently heal to the point of not requiring

oxygen. When they are clinically stable, this subpopulation should be retested in 30-90 days. If

the patient does not meet blood gas criteria at that time, oxygen therapy can be discontinued.
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Identification when clinically stable
The majority of patients, who are clinically stable when LTOT is initially prescribed will
continue to meet prescribing criteria for LTOT. Some patients, however, experience an
improvement in Pa,0, over time to the point of not meeting the criteria for LTOT. This can
occur in stable patients receiving optimal therapy, who have been on oxygen for months or

years [45].

When oxygen is withdrawn from these patients, their Pa,0, begins to decline [45]. The
conclusion is that oxygen is reparative (including reversal of hypoxic pulmonary

vasoconstriction) and, therefore, should not be discontinued.

Once the need for LTOT has been established in a stable patient on optimal therapy, LTOT is

considered to be a lifetime commitment [45].

Physiological indication for long-term oxygen therapy

The physician prescribes oxygen based on physiological findings and clinical judgment.
However, LTOT may not be reimbursed unless the patient meets specific physiological
criteria. These criteria tend to be similar in most countries. It is therefore essential for the
physician to provide appropriate documentation that oxygen is medically necessary and meets
the prescribing criteria. The documentation requirements vary widely over the different

countries.

8.6.4. Patient education and compliance

Patient education and monitoring of compliance are essential to assure the success of LTOT.
Many patients harbour fears regarding the therapy. Some patients associate a need for LTOT
with profound deterioration rather than prolongation of life and enhancement of quality of life.
Some may experience anger or denial and therefore avoid using LTOT. Some patients may
avoid using oxygen in public, because they fear reaction of others. Some may regard oxygen as
an addictive substance and may therefore avoid its use as much as possible. These and other
concerns need to be explored and discussed with the patient and family to provide appropriate

rationale and reassurance of the benefits of LTOT (see Patient section).
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9. Management of stable COPD: pulmonary rehabilitation
9.1. Key points

e Pulmonary rehabilitation is a multidisciplinary programme of care that is individually
tailored and designed to optimise physical and social performance and autonomy.

e This therapy results in significant and clinically meaningful improvements in multiple
outcome areas, including dyspnoea, exercise ability, health status and healthcare
utilisation.

e Pulmonary rehabilitation should be considered for patients with chronic obstructive
pulmonary disease (COPD) who have dyspnoea or other respiratory symptoms, reduced
exercise tolerance, a restriction in activities because of their disease, or impaired health
status.

e There are no specific pulmonary function inclusion criteria that indicate the need for
pulmonary rehabilitation, since symptoms and functional limitations direct the need for
pulmonary rehabilitation.

e This comprehensive intervention includes exercise training, education,
psychosocial/behavioural intervention, nutritional therapy, outcome assessment and

promotion of long-term adherence to the rehabilitation recommendations.

9.2. Background

Pulmonary rehabilitation is defined as “a multidisciplinary programme of care for patients with
chronic respiratory impairment that is individually tailored and designed to optimise physical

and social performance and autonomy” [1] (see ATS statement on Pulmonary rehabilitation).

Pulmonary rehabilitation results in improvements in multiple outcome areas of considerable
importance to the patient, including dyspnoea, exercise ability, health status and healthcare
utilisation. These positive effects occur despite the fact that it has a minimal effect on static
pulmonary function measurements. This reflects the fact that much of the morbidity from
COPD results from secondary conditions, which are often treatable if recognised. Examples of
these treatable conditions are cardiac deconditioning, peripheral muscle dysfunction, and a

reduction in total and lean body mass anxiety, and poor coping skills. Elements of
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comprehensive pulmonary rehabilitation, including promoting a healthy lifestyle, stressing
adherence to therapy and encouraging physical activity, should be incorporated into the care of

all patients with COPD.

9.3. Outcomes from pulmonary rehabilitation

Several randomised, controlled trials have documented the effectiveness of pulmonary

rehabilitation in COPD. A list of these studies is given in table 1.
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Table 1. — Randomised, controlled trials of pulmonary rehabilitation

First author [ref.]

Results

GOLDSTEIN [2]

REARDON [3]

RIES [4]

WIDKSTRA [5]

STRIIBOS [6]

BENDSTRUP [7]

WEDZICHA [8]

GRIFFITHS [9]

FINNERTY [10]

TROOSTERS [11]

Significant treatment outcomes, including 37.9 m in 6-min walk distance, 4.7 min increase in
submaximal cycle endurance time, improvements in the dyspnoea, emotion and mastery components of
the CRQ, and a 2.7 unit improvement in the TDI

There was no significant group difference in change in peak oxygen consumption

Rehabilitation patients had significantly lower dyspnoea measured with a visual analogue scale during
exercise testing and lower overall dyspnoea measured by the TDI

Significant improvements favouring rehabilitation in maximal oxygen consumption, treadmill endurance
time, exertional and overall dyspnoea, and self-efficacy for walking

No significant difference in health status (Quality of Well-Being score), number of hospital days or
survival

Significant improvements favouring rehabilitation in work rate, peak oxygen consumption, the 6-min
walk distance, exertional dyspnoea and health status measured with the CRQ

Both outpatient and home-based rehabilitation had significant improvement over control in maximal
cycle work rate, 4-min walk distance and exertional dyspnoea

Significant improvements favouring the treatment group in the 6-min walk distance, activities of daily
living and CRQ health status

In patients with moderate dyspnoea, significant improvement favouring rehabilitation in the shuttle
walking distance and health status

Exercise ability and health status did not significantly change in either group with severe dyspnoea
Significant improvement favouring rehabilitation in the shuttle walk distance, heath status measured
with the CRQ, the SGRQ and the most SF- 36 questionnaire components

Fewer days spent in the hospital and fewer primary care home visits

Significant improvements and clinically meaningful improvement in the rehabilitation group in health

status using the SGRQ total score

Significant improvements favouring rehabilitation in 6-min walk distance, maximal work rate and
oxygen consumption, quadriceps force, inspiratory muscle force, and CRQ-measured health status

Improvements in walk distance and health status exceeded the clinically-meaningful threshold values

CRQ : Chronic Respiratory Questionnaire; TDI : transitional dyspnoea index; SGRQ : St. George Respiratory

Questionnaire.

As outlined by the Global Initiative for Obstructive Lung Disease (GOLD) recommendations

[12], effective management of COPD is directed to following goals: 1) prevention of disease

progression; 2) relief of symptoms; 3) improvement in exercise tolerance; 4) improvement in
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health status; 5) prevention of complications; 6) prevention of exacerbations; and 7) reduction
in mortality. Pulmonary rehabilitation, as an adjunct to standard medical therapy, may result in

improvement in some of these areas.

9.3.1. Relief of symptoms

Dyspnoea and fatigue are hallmark symptoms in most COPD patients. There is a considerable
body of evidence that pulmonary rehabilitation improves exertional dyspnoea [3, 13] and

dyspnoea associated with daily activities in COPD [2, 4, 6, 8—-11, 14].

9.3.2. Improvement in exercise tolerance

Pulmonary rehabilitation improves exercise ability in COPD [4-11, 14-16]. Favourable
outcomes include increases in maximal exercise tolerance, peak oxygen uptake, endurance
time during submaximal testing, functional walking distance, and peripheral and respiratory

muscle strength.

9.3.3. Improvement in health status

Pulmonary rehabilitation results in a significant improvement in disease-specific and general
measures of health status [4, 6, 9, 14, 17]. These effects are relatively long lasting and not
necessarily related to improvements in exercise ability. Multiple domains of health status
usually show improvement, such as dyspnoea, fatigue, emotional function and mastery
components of the Chronic Respiratory Disease Questionnaire or symptoms, activity and
impact components of the St. George’s Respiratory Questionnaire. Improvement in health
status following rehabilitation usually exceeds the thresholds for minimum clinically important

differences established for respiratory-specific health status questionnaires [18].

9.34. Prevention of complications and exacerbations

There are conflicting reports on the effect of pulmonary rehabilitation on healthcare service
utilisation. A randomised, controlled trial of pulmonary rehabilitation in California failed to
show a beneficial effect on hospitalisations in COPD [11]. However, a study of outpatient
pulmonary rehabilitation in Wales demonstrated that the rehabilitation group had a similar
frequency of hospitalisations but a smaller number of hospital days than a control group in the

year following the intervention (10.4 versus 21.0 days) [10]. The reduction in hospital days for
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both respiratory illness and all causes was noted. In a subsequent cost/utility analysis, these
authors demonstrated that outpatient rehabilitation produces cost-per-quality adjusted life-year
ratios within bounds considered to be cost effective and resulted in financial benefits to the

health service [19].

9.3.5. Effect on mortality

Limited data from prospective studies do not support the conclusion that pulmonary
rehabilitation affects long-term survival [8, 11]. These studies, however, are relatively small
and probably were not sufficiently powered to detect this possible effect. In one clinical trial,
nutritional intervention, which is commonly incorporated into a comprehensive pulmonary
rehabilitation programme, was associated with improved survival rates in a single clinical trial

[20].

9.3.6. Effect on disease progression

Pulmonary rehabilitation has no significant effects on forced expiratory volume in one second
and presumably does not attenuate the decline of airflow limitation in COPD. However, using
a broader concept of disease progression, which includes symptoms, exercise capacity, health
status and healthcare utilisation, pulmonary rehabilitation would then be considered to have

marked effectiveness.

9.4. Principles of pulmonary rehabilitation

Each COPD patient enrolled in a rehabilitation programme has to be considered as a unique
individual, with specific physio- and psychopathological impairment caused by the underlying
disease and its associated morbidity. In this approach, components of a rehabilitation
programme are individualised based on a thorough assessment of the patient, not limited to
lung function testing. This assessment must address distressing symptoms, functional
limitation, emotional disturbance, knowledge of the disease, cognitive and psychosocial
functioning, and nutritional assessment. Furthermore, this assessment must be an ongoing

process during the whole rehabilitation process.
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Pulmonary rehabilitation is usually coordinated by an experienced healthcare professional,
such as a registered nurse, physical therapist or respiratory therapist. Also involved is a
multidisciplinary team that varies between programmes, but often includes physicians, nurses,
respiratory therapists, physical therapists, occupational therapists, psychologists, dieticians and

social workers.

9.5. Selection criteria for pulmonary rehabilitation

Pulmonary rehabilitation should be considered for patients with COPD who have dyspnoea or
other respiratory symptoms, reduced exercise tolerance, a restriction in activities because of

their disease, or impaired health status (see Definition, diagnosis and staging).

There are no specific pulmonary function inclusion criteria that indicate the need for
pulmonary rehabilitation, since symptoms and functional limitations, not the severity of the
underlying physiology, direct the need for pulmonary rehabilitation. Often, referral to
pulmonary rehabilitation is delayed until patients reach a stage of advanced lung disease.
While these patients still stand to derive considerable benefit from pulmonary rehabilitation
[21], referral at an earlier stage would allow for earlier preventative strategies, such as smoking

cessation, nutritional therapy and a greater latitude in the exercise prescription.

Current cigarette smokers are reasonable candidates for pulmonary rehabilitation and probably
obtain similar benefits as nonsmokers or exsmokers. Smoking cessation intervention is an

obviously important component of the pulmonary rehabilitation process for smokers.

Impediments to the pulmonary rehabilitation intervention fall into two broad categories: 1)
conditions which would interfere with the patient’s ability to participate in the rehabilitative
process (such as disabling arthritis); and 2) conditions which might place the patient at undue
risk during exercise training (such as unstable angina) (see ATS Pulmonary Rehabilitation

Guidelines).
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9.6. Components of pulmonary rehabilitation

Comprehensive pulmonary rehabilitation generally includes exercise training, education,

psychosocial and behavioural intervention, nutritional therapy and outcome assessment.

9.6.1. Exercise training

Exercise training is an essential component of pulmonary rehabilitation. In general, two types
of exercise training can be given: endurance (or aerobic) training and strength training (see

ATS Statement on Pulmonary Rehabilitation).

Endurance training involves dynamic activity of large muscles, usually performed three to
four times a week for 20-30 min per session at an intensity of >50% of maximal oxygen
consumption. This induces structural and physiological adaptations that provide the trained

individual with improved endurance for performance of high-intensity activity.

Lower extremity training is the mainstay of endurance training, although there is scientific
rationale for incorporating upper extremity training. The optimal training duration for exercise
training in COPD has not been established. Most programmes include exercise sessions of >30
min, two to five times a week, for 6-12 weeks. The effect of exercise training on exercise
capacity and exertional dyspnoea in COPD is dose dependent [22]. However, many patients
have difficulty sustaining prolonged high intensity (80% of maximum power output) for
prolonged periods [23]. Despite this, lower intensity exercise training is at least as good as high
intensity training in improving health-related quality of life [23, 24]. Interval exercise training
(repeated periods of near-maximal exercise alternating with short intervals of rest) may give

similar benefits as continuous training, but has less associated dyspnoea [25, 26].

Strength training has proven benefits in pulmonary rehabilitation and can be considered
supplemental to endurance training [27-29]. While endurance training of the peripheral
muscles is of proven benefit in COPD, ventilatory muscle training is also frequently given.
While this probably improves respiratory muscle strength, its effect on symptoms and

functional limitation has not yet been firmly established [30].
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9.6.2. Education

Education is considered an important component of comprehensive pulmonary rehabilitation
and is integrated into virtually all programmes. Because of this, its effect in isolation cannot be
readily determined. Among the potential benefits of education are: active participation in
healthcare [31, 32], increased coping skills [33, 34], a better understanding of the physical and
psychological changes of chronic illness, more skill in collaborative self-management and
better adherence to the treatment plan [35]. In addition to standard didactic sessions, education
may also incorporate breathing strategies, such as pursed-lip and diaphragmatic breathing,
energy conservation and work simplification, and advance directives (see Ethical and palliative

care issues).

9.6.3. Psychosocial and behavioural intervention.

Anxiety, depression and difficulties in coping with chronic disease are common in COPD

patients and contribute to morbidity.

Psychosocial and behavioural intervention in pulmonary rehabilitation may include educational
sessions or support groups focusing on specific problems such as stress management, or

instruction in progressive muscle relaxation, stress reduction and panic control [36].

Informal discussions during rehabilitation sessions of symptoms, concerns and problems
common to COPD patients may be beneficial. Participation by family members or friends in
pulmonary rehabilitation support groups is encouraged. Motivation for pulmonary

rehabilitation, which may be suboptimal at the onset, might improve during therapy.

Individuals with major psychiatric conditions should be referred to appropriate professionals.

9.6.4. Nutritional therapy

Weight loss and muscle wasting, which are present in 20-35% of patients with stable COPD,
contribute to morbidity and mortality in COPD, independent of the pulmonary physiological

abnormality [20]. Nutritional intervention should be considered for these individuals,
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especially under conditions of increased exercise-related energy expenditure (see with

Management of stable COPD: nutrition).

9.7. Programme setting

Documented clinical efficacy has been demonstrated in outpatient, inpatient and home settings
for pulmonary rehabilitation. The choice of setting for pulmonary rehabilitation depends on the
prerehabilitation physical, functional and psychosocial status of the patient, the availability and

distance to the programme, reimbursement, and patient preference.

9.8. OQOutcome assessment

Measurement of the individual’s change in performance reinforces the gains made through the
efforts of the patient and staff, while evaluation of the programme through standardised

outcome measures rates its overall effectiveness and serves as a tool for quality improvement.

Outcome assessment should be made in several areas, including dyspnoea, exercise ability and

health status.

9.9. Promotion of long-term adherence

Although the short-term effects of pulmonary rehabilitation in multiple outcome areas is firmly
established, its long-term effectiveness (i.e. after ~2 yrs) is disappointing. This drop-off in
beneficial effect is probably multifactorial. However, two factors play a large part in this loss
of effectiveness: exacerbations of COPD postrehabilitation and a gradual decrease in adherence
with the postrehabilitation exercise prescription [37]. Pulmonary rehabilitation should include

strategies to promote long-term adherence.
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10.

10.1.

Management of stable COPD: nutrition

Key points

Weight loss as well as a depletion of fat-free mass (FFM) may be observed in stable
chronic obstructive pulmonary disease (COPD) patients, irrespective of the degree of
airflow limitation.

Weight loss and being underweight is associated with an increased mortality risk.
Weight loss and particularly muscle wasting contribute significantly to morbidity,
disability and handicap in COPD patients.

Muscle wasting may also be present in patients with a stable weight.

Weight loss and loss of fat mass are primarily the result of a negative balance between
dietary intake and energy expenditure, while muscle wasting is a consequence of an
impaired balance between protein synthesis and protein breakdown.

In advanced stages of COPD both energy balance and protein balance are disturbed.
Therefore, nutritional therapy may only be effective if combined with exercise or other
anabolic stimuli. Nutritional intervention per se should focus more on prevention and

early treatment of weight loss to preserve energy balance

10.2. Prevalence of nutritional abnormalities

In clinically stable patients with moderate-to-severe COPD, depletion of FFM has been

reported in 20% of COPD outpatients [1] and in 35% of those eligible for pulmonary

rehabilitation [2]. Limited data are available regarding the prevalence of nutritional depletion

in mild COPD. There is no clear relationship between measures of nutritional status and

airflow obstruction. Weight loss and being underweight are associated with decreased diffusing

capacity and are observed more frequently in emphysematous patients than those with chronic

bronchitis [1, 3]. Although weight loss is generally accompanied by a significant loss in FFM,

muscle wasting may occur even in weight-stable COPD patients.
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10.3. Consequences of weight loss and muscle wasting

Significant loss in FFM is related to impaired skeletal muscle strength and exercise capacity [4,
5]. Weight loss also affects diaphragm muscle mass and depresses diaphragm contractility [6].
The functional consequences of being underweight and particularly of FFM depletion are

reflected in decreased health status [7, 8].

A relationship between weight loss, or being underweight, and mortality has been reported in
several studies [9-12]. A recent study (including moderate-to-advanced COPD patients)

suggested that muscle mass is a better predictor of survival than body weight [13].

10.4. Pathogenesis of weight loss and muscle wasting

Weight loss and, particularly, loss of fat mass, occurs if energy expenditure exceeds dietary
intake. In contrast to an adaptive decreased energy metabolism during starvation, increased
resting energy requirements have been observed in some COPD patients, linked to low-grade
systemic inflammation and increased protein turnover [14—16]. Furthermore, elevated activity-
induced and daily energy expenditure have been found in ambulatory COPD patients [17]. As a
consequence of this elevated energy metabolism, COPD patients who suffer from weight loss,
and even some whose weight is stable, may lose weight despite an apparently normal energy
intake. In addition, the symptoms of the disease and an enhanced systemic inflammatory

response may affect appetite and dietary intake.

Increased muscle protein breakdown is a key feature in muscle wasting. This process of
cachexia can be considered the result of an interplay of systemic factors, including systemic
inflammation, oxidative stress and growth factors, that may synergise with local factors leading

to protein imbalance [18].

10.5. Assessment of body composition

Nutritional screening is recommended in the assessment of COPD.
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Simple screening can be based on measurement of body mass index (BMI) and weight change.

BMI is defined as weight in kg/height in m’.

Based on BMI, patients are divided into underweight (BMI <21 kg'm'z, age >50 yrs), normal
weight (BMI 21-25 kg'm™), overweight (25< BMI <30 kg'm™) and obese patients (BMI >30
kgm™).

Criteria to define weight loss are: weight loss >10% in the past 6 months or >5% in the past

month.

Functional consequences of weight loss in COPD relate to a decrease in muscle mass. Muscle
mass can be measured indirectly in clinically stable COPD by assessment of FFM [19], by
anthropometrics, bioelectrical impedance or dual energy X-ray absorptiometry [20].
Bioelectrical impedance analysis is at present a quick, easy and reliable screening technique

[21].

Indices of relative FEM as the FFMI can be used (FFM in kg'height®) for targeted
intervention. Depletion of FFM is defined as FFMI <15 (females) 16 (males) kg'm'2 [19].

10.6. Indications and outcomes of nutritional interventions

Based on the adverse effects of weight loss on exercise tolerance, health status and mortality,
efforts to prevent weight loss are warranted in the routine management of patients with COPD.
Nutritional intervention should be considered in case of one or more of the following
conditions:

e BMI <21 kg:m™

e involuntary weight loss: (>10% during last 6 months or >5% in the past month)

e depletion in FEM ( FEMI <16 kg-m males, <15 kg-m™ females)
Nutritional supplementation should initially consist of adaptations in the patients’ dietary
habits and should be extended to administration of energy-dense supplements in quantities well

divided during the day to avoid loss of appetite, and adverse metabolic and ventilatory efforts
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resulting from a high caloric load. Liquid carbohydrate-rich supplements are more tolerated
than an equicaloric fat-rich supplement [22]. The available studies on therapeutic dietary
supplementation were reviewed in a meta-analysis, which concluded that the beneficial effects
of nutritional therapy are limited [23] and that increasing energy intake among severe COPD

patients is difficult to accomplish.

Besides noncompliance or suboptimal incorporation of nutritional supplements in daily dietary
and activity pattern, nonresponse to nutritional therapy is also related to a variety of biological
characteristics including systemic inflammation [24]. In advanced stages of COPD, combining
nutritional support with an anabolic stimulus, such as exercise, to optimise function should be
advocated [25, 26]. In one study, weight gain under these circumstances was related to
decreased mortality independently of forced expiratory volume in one second, resting arterial

blood gases, smoking behaviour, age and sex [11].

In future, nutritional interventions should be extended to prevention and early treatment of

weight loss in COPD patients.
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11.

Management of stable COPD: surgery in / for COPD

11.1. Key points

Surgery in COPD

Patients with a diagnosis of chronic obstructive pulmonary disease (COPD) have a 2.7-
4.7-fold increased risk of postoperative pulmonary complications.

COPD is not an absolute contraindication to any surgery.

The further the procedure from the diaphragm the lower the pulmonary complication
rate.

Preoperative pulmonary function studies have a well-documented role in the evaluation
of patients undergoing lung surgery.

Smoking cessation at least 4-8 weeks preoperatively and optimisation of lung function
can decrease postoperative complications.

Early mobilisation, deep breathing, intermittent positive-pressure breathing, incentive

spirometry and effective analgesia may decrease postoperative complications.

Surgery for COPD

Bullectomy and lung volume reduction surgery may result in improved spirometry,
lung volume, exercise capacity, dyspnoea, health-related quality of life and possibly
survival in highly selected patients.

Lung transplantation results in improved pulmonary function, exercise capacity, quality

of life and possibly survival in highly selected patients.

11.2. Background

Patients with a diagnosis of COPD have a 2.7-4.7-fold increased risk of postoperative

pulmonary complications [1, 2]. Preoperatively, patients at risk for COPD should undergo

screening (see Definition, diagnosis and staging). The preoperative evaluation must identify the

goal of surgery and determine whether the risk/benefit ratio makes attainment of the goal

worthwhile [3]. However, there are no absolute contraindications to surgery.
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The risks of surgery depend upon the indications for the surgery, the surgical procedure, the
type of anaesthesia and the degree of respiratory impairment [2, 3]. Patient-related risk factors
are identified by history, physical examination, chest radiography, and a battery of pulmonary
and cardiovascular screening tests. Careful attention to the perioperative respiratory
management of patients with COPD can improve both outcomes and resource utilisation [4—6].
The healthcare provider is thus challenged to assess risk, project benefit and provide

perioperative management.

11.3. Assessment of general operative risk

11.3.1. Personnel involved

In a patient with COPD, an individual with expertise in the disease should guide the

perioperative management.

In patients with more severe disease, a multidisciplinary team should be involved. Optimally
the team would include a pulmonologist, the patient’s primary care physician, an

anaesthesiologist, a respiratory therapist and a respiratory nurse specialist.

As many patients with COPD may have other illnesses, including those associated with
tobacco abuse, input from cardiologists, vascular surgeons and otorhinolaryngologists is often

helpful.

11.3.2.  Methodologies of assessment

Essential components of the preoperative assessment are a careful history, physical
examination and assessment of the functional capacity. Close attention should be paid to a
history of smoking, dyspnoea, cough and sputum production. Functional capacity can be

assessed by the ASA questionnaire [1, 2] (table 1).
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Table 1. — American Society of Anesthesiology physical status scale

Class Physical status

I Normal healthy <80 yrs

II Mild systemic disease or healthy person >80 yrs

I Severe but not incapacitating systemic disease

v Incapacitating systemic disease that is a constant threat to life
\Y Moribund patient not expected to survive 24 h despite surgery
E Suffix to any class indicating emergency surgery

The perioperative risk of venous thromboembolism and potential prophylactic strategies should

be assessed for all patients [7].

In patients with a known diagnosis of COPD, or those at increased risk for COPD, preoperative
spirometry should be performed. Identification of severe airflow obstruction may be
particularly important in patients who are candidates for upper abdominal or thoracic surgical

procedures [8].

Analysis of arterial blood gas (ABG) composition should be available for patients with
moderate-to-severe COPD. For patients who may require ventilatory assistance, knowledge of
preoperative blood gases may be helpful in determining appropriate postoperative ventilator
settings. Although ABG values should not be used as a sole determinant of general surgical
candidacy, they may influence decision making for high-risk procedures (see Surgery for

COPD).

Since patients with COPD are at increased risk of pulmonary neoplasm and other pathologies,
a preoperative chest radiography, if not recently performed, is reasonable. This

recommendation is in keeping with the recommendations for the general assessment of COPD.
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11.4. Surgery in the COPD patient

In patients with COPD and reduced airflow, complication rates vary with the region of the
body upon which surgery is performed. The further the procedure from the diaphragm; the
lower the risk [1, 2, 9].

11.4.1.1. Ophthalmologic procedures

In general, these procedures carry a low mortality rate (<1%) [10]. However, cough may be of
concern to the ophthalmologist because of increased ocular pressure. Conversely, excessive
suppression of cough may lead to retained secretions, atelectasis, pneumonitis and problems in
gas exchange. Topical, ophthalmologic, B-blocker medications, used to reduce intraocular

pressure, may precipitate bronchospasm and cardiorespiratory failure [11].

11.4.1.2. Head/neck procedures
Procedures involving the airway carry an increased risk of postoperative pneumonia [1].
Management of secretions in the patient who has undergone laryngectomy may require early

postoperative humidification.

11.4.1.3. Orthopaedic procedures
Orthopedic procedures are associated with a relatively high frequency of venous
thromboembolism [12]. In the patient with COPD, pulmonary embolism is associated with

greater mortality [13].

11.4.1.4. Lower abdominal/pelvic surgery
In general, COPD does not increase the risk of perioperative risk with lower abdominal

procedures.

11.4.1.5. Upper abdominal surgery

Patients who undergo surgery in the upper abdomen are at risk for perioperative pulmonary
complications [1, 9]. COPD independently increases this risk [1]. Complications are
particularly liable to occur in persons with predisposing factors such as morbid obesity,

cigarette smoking, heart disease and advanced age [1, 3].
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Laparoscopic procedures appear to decrease perioperative pulmonary complications [14].

11.4.1.6. Cardiovascular surgery
COPD is a common cause of perioperative pulmonary dysfunction in patients undergoing
cardiac surgery [15]. Screening for COPD in this patient population is particularly important

because COPD has been associated with prolonged intubation after cardiac surgery [16].

11.4.1.7. Abdominal vascular surgery

Patients who undergo elective major abdominal vascular surgery are at high risk of
postoperative pulmonary complications [1]. Patients with COPD are at particularly high risk
[1]. Factors associated with the need for prolonged mechanical ventilation include a history of
heavy cigarette smoking, preoperative arterial hypoxaemia and major intraoperative blood loss

[17].

11.4.1.8. Lung surgery
Preoperative pulmonary function studies have a well-documented role in the evaluation of

patients who are to undergo lung surgery [18, 19].

Procedure-related issues
Thoracotomy has a reversible (several months) adverse effect on lung function [20].

Thoracoscopy is less invasive and better tolerated than open thoracotomy [21].
Lung resection
Lobectomy results in an additional <10% reduction in forced vital capacity (FVC) at 6 months

after surgery [22].

Pneumonectomy usually causes a permanent reduction of about 30% in all lung function. This

decrement in lung function can prove devastating to COPD patients [23].
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In select cases, wedge resection, lobectomy or pneumonectomy may actually improve lung
function if the resected areas of lung are significantly destroyed by emphysema and the

nonresected areas are significantly spared from emphysema (see Lung volume reduction

surgery).

Physiological evaluation
If the region resected has no function, then no loss other than that temporary decrement
attributable to the thoracotomy should result. This approach forms the basis of the regional

physiological assessment of lung function via ventilation or perfusion scintigraphy [20].

All patients undergoing lung resection should undergo spirometry and determination of
diffusing capacity of the lungs [24]. The risk of postoperative respiratory insufficiency or
death is greater in patients undergoing a pneumonectomy with a preoperative forced expiratory
volume in one second (FEV1) <2 L or 50% of predicted, a maximal voluntary ventilation

<50% predicted or carbon monoxide diffusing capacity of the lung <60% predicted [24].

Patients at high risk for poor outcomes due to poor underlying lung function should undergo
further physiological evaluation [25]. The two general areas of evaluation are: 1) regional
distribution of lung function; and 2) functional capacity of the patient. An algorithm has been
proposed that incorporates these concepts (fig. 1). Although this algorithm has been
prospectively validated [23, 24, 26], several issues remain controversial. A second, simpler

algorithm has also been proposed, but not validated (fig. 2).
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Fig. 1. - A validated algorithm for pre-operative testing for lung resection. ECG:
electrocardiogram; FEV1: forced expiratory volume in one second; DL,CO: carbon dioxide

diffusing capacity of the lung; V'O2,max: maximum oxygen consumption; ppo: predicted
postoperative.
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Fig. 2. - A simplified algorithm for pre-operative testing for lung resection. DL,CO: carbon
dioxide diffusing capacity of the lung; FEV1: forced expiratory volume in one second; ppo:
predicted postoperative; V'O2,max: maximum oxygen consumption.

Lung volume reduction surgery (LVRS) has altered the preoperative assessment for thoracic
resection in some of these patients (see Lung volume reduction surgery). Patients with severe
pulmonary dysfunction may undergo simultaneous resection of a pulmonary nodule and LVRS
[19, 27]. Some patients have successfully had lobectomy in the setting of severe obstructive

lung disease [28, 29].

If the patient has cardiovascular risk factors an appropriate cardiovascular evaluation should be

undertaken [30, 31].

11.5. Surgery for COPD

During the past few decades multiple surgical interventions have been suggested to improve
symptoms in patients with COPD [32]. These include bullectomy, lung volume reduction

surgery and lung transplantation (see Patient section).
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11.5.1.  Bullectomy

11.5.1.1. Outcomes
Bullectomy appears to be of benefit in highly selected patients [33], resulting in short-term
improvements in airflow obstruction, lung volumes, hypoxaemia and hypercapnia, exercise

capacity, dyspnoea, and health-related quality of life.

Surgical mortality ranges from 0-22.5% [33].

Long-term follow-up data are more limited with 1/3—1/2 of patients maintaining benefits for ~5

yrs [33].

11.5.1.2. Patient selection
Based on the presumption that improvement is dependent on relief of compressed normal lung,
most investigators have attempted to identify optimal surgical candidates on the basis of

pulmonary function and radiographic features, as enumerated in table 2 [34].
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Table 2. — Factors associated with favourable or unfavourable outcome in classical bullectomy

Parameter Favourable Unfavourable
Clinical Rapid progressive dyspnoea despite maximal medical Older age
therapy Comorbid illness
Exsmoker Cardiac disease
Pulmonary hypertension
>10% weight loss
Frequent respiratory infections
Chronic bronchitis.
Physiological Normal FVC or slightly reduced FEV1 <35% pred
FEV1 >40% pred Low trapped gas volume
Little bronchoreversibility Decreased DL,CO
High trapped lung volume
Normal or near normal DL,CO
Normal Pa,0O, and Pa,CO,
Imaging
CXR Bulla >1/3 hemithorax Vanishing lung syndrome
Poorly defined bullae
CT Large and localised bulla with vascular crowding and Multiple ill-defined bullae in underlying lung
normal pulmonary parenchyma around bulla
Angiography  Vascular crowding with preserved distal vascular branching Vague bullae; disrupted vasculature

Isotope scan

Well-localised matching defect with normal uptake and

washout for underlying lung

elsewhere

Absence of target zones, poor washout in

remaining of lung

CXR: chest radiography; CT: computed tomography; FVC: forced vital capacity; FEV1: forced expiratory volume in one second

s

DL,CO: carbon monoxide diffusing capacity of the lung; Pa,0,; arterial oxygen tension; Pa,CO,; arterial carbon dioxide tension.

Modified from [34].
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11.5.2.  Lung volume reduction surgery

11.5.2.1. OQOutcomes
LVRS results in short-term improvements in spirometry, lung volumes, exercise tolerance,

dyspnoea and health-related quality of life, and potentially long-term improvement in survival

[35].

LVRS using resection of lung tissue has significantly better results than laser treatment of the

lung [36].

Bilateral LVRS shows greater improvements compared to unilateral LVRS among similar

patients [37].

11.5.2.2. Patient selection

Selection criteria for LVRS remain controversial [27].

A systematic review proposed the following features, as determined by expert opinion, to be
associated with better outcomes: smoking-related emphysema, heterogeneous emphysema with
surgically accessible “target” areas, bilateral surgery, good general fitness/condition and
thoracic hyperinflation [38]. The National Emphysema Treatment Trial (NETT) suggests that
upper lobe predominance of emphysema on high resolution computed tomography of the chest
and low post rehabilitation exercise capacity measured while breathing 30% inspiratory oxygen

fraction on a cycle ergometry are predictive of the best chance of post-surgical improvement

[35].

Table 3 enumerates potential criteria to identify patients more likely to experience benefit after
LVRS. Figure 3 proposes an algorithm delineating expected improvements of bilateral LVRS
compared to medical therapy based on the NETT Research Group experience [35]. Potential

outcomes of such a selection algorithm are enumerated in table 4.
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Table 3. — Factors associated with favourable or unfavourable outcome in lung volume reduction surgery

Parameter Favourable

Unfavourable

Clinical Age <75 yrs
Clinical picture consistent with emphysema”
Not actively smoking (>3—6 months) #
Severe dyspnea despite maximal medical
treatment including pulmonary rehabilitation”

Requiring <20 mg prednisone-day™

Physiological FEV1 after bronchodilator <45% pred
Hyperinflation
RV >150%
TLC >100% pred
Pa,O, > 6 kPa (45 mmHg)
Pa,CO, < 8 kPa (60 mmHg)
Postrehabilitation 6-min walk >140 m
Low post-rehabilitation maximal achieved

cycle ergometry watts”

Radiographical = High-resolution computed tomography
confirming severe emphysema, ideally with

upper lobe predominance®

Age > 75-80 yrs.
Comorbid illness which would increase surgical mortality
Clinically significant coronary artery disease
Pulmonary hypertension (PA systolic >45, PA mean >35
mmHg)
Severe obesity or cachexia
Surgical constraints
Previous thoracic procedure”
Pleurodesis”

Chest wall deformity”

FEV1 <20% pred and DL,CO <20% pred#

Decreased inspiratory conductance

Homogeneous emphysema and FEV1 <20% pred®
Non-upper lobe predominant emphysema and high post-

rehabilitation cycle ergometry maximal achieved wattage”

PA: alveolar pressure; RV: residual volume; TLC: total lung capacity; Pa,0,: arterial oxygen tension; Pa,CO,: arterial carbon

dioxide tension; FEV1: forced expiratory volume in one second; DL,CO: carbon dioxide diffusing capacity of the lung. *:

confirmed recommendations using NETT data [35, 39] or expert opinion [40]. Modified from [34].
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Fig. 3. - Diagnostic algorithm based on the National Emphysema Treatment Trial (NETT) [35,
39]. The groups refer to the outcomes detailed in table 4. LVRS: lung volume reduction surgery;
FEV1: forced expiratory volume in one second; DL,CO: carbon dioxide diffusing capacity of the
lung.
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Table 4. — Bilateral lung volume reduction surgery vs medical therapy in patients with severe emphysema

Patients 90-Day mortality p-value Total mortality Risk ratio” p-value
LVRS Medical LVRS Medical
Therapy Therapy
Group A 48/608 (7.9) 8/610 (1.3) <0.001 42/70 30/70 1.82 0.06
Group B 4/139 (2.9) 5/151 (3.3) 1.00 26/139 51/151 0.47 0.005
Group C 6/206 (2.9) 2/213 (0.9) 0.17 34/206 39/213 0.98 0.70
Group D 7/84 (8.3) 0/65 (0) 0.02 28/84 26/65 0.81 0.49
Group E 11/109 (10.1) 1/111 (0.9) 0.003 27/109 14/111 2.06 0.02
Patients Improvement in Exercise Capacity! Improvement in Health-related Quality of Life"
LVRS Medical Odds p-value LVRS Medical Odds p-value
Therapy Ratio therapy Ratio
Group A 4/58 (7) 1/48 (2) 348  0.37 6/58 (10) 0/48 (0) 0.03
Group B 25/84 (30) 0/92 (0) <0.001 40/84 (48) 9/92 (10) 8.38 <0.001
Group C 17/115 (15) 4/138 (3) 5.81  0.001 47/115 (41) 15/138 (11) 5.67 <0.001
Group D 6/49 (12) 3/41 (7) 1.77  0.50 18/49 (37) 3/41 (7) 7.35 0.001
Group E 2/65 (3) 2/59 (3) 0.90 1.00 10/65 (15) 7/59 (12) 1.35 0.61

Data are presented as n/n (%). Groups A—E refer to the patients as defined in fig. 3. *: risk ratio for total mortality in
surgically versus medically treated patients during a mean follow-up of 29.2 months; : increase in the maximal workload
>10 W from the patient’s postrehabilitation baseline value (24 months after randomisation); *: decrease in the score on the St
George’s Respiratory Questionnaire >8 points (on a 100-point scale) from the patient’s postrehabilitation baseline score (24

months after randomisation). Modified from [35].

11.5.2.3. Spirometry
The mean improvement from baseline in FEV1 ranges from 5-96%, although 20-50% of

patients show little spirometric improvement after LVRS [27, 35].
11.5.2.4. Lung volume

Lung volume changes include a mean decrease in total lung capacity from baseline varying

from 1-23% and residual volume ranging from 3—-46% [27].
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11.5.2.5. Exercise tolerance
Improved timed walk distance, ranging a mean of 7-103% [27], and an increase in maximal

work load [35], oxygen uptake and minute ventilation [27] have been reported after LVRS.

11.5.2.6. Dyspnoea and health-related quality of life
Improved dyspnoea and health-related quality of life has been reported after LVRS (table 5).
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Table S. — Health-related quality of life and survival following bilateral lung volume reduction surgery (LVRS)

First author Operation  Subjects Preop. HRQOL Duration of Evaluable Died Lost Results

[ref.] rehab.  assessment follow-up

Cohort studies with n>50, consecutive enrollment and full accountability of patients at follow-up

YUSEN [41] Sternotomy 200 Yes Patient 6 months 184 12 4 Good-to-excellent
satisfaction satisfaction in most
patients
YUSEN [41]  Sternotomy 193 Yes Patient 3 yrs 159" 25 8 Good-to-excellent
satisfaction satisfaction in most
patients
YUSEN [41]  Sternotomy 144 Yes Patient 5 yrs 82* 41 13 Good-to-excellent
satisfaction satisfaction in most
patients
YUSEN [41]  Sternotomy 119 Yes MRC 6 months 109 7 3 Decreased dyspnoea

dyspnoea scale
YUSEN [41]  Sternotomy 112 Yes MRC 3 yrs 92 15 5 Decreased dyspnoea
dyspnoea scale
YUSEN [41]  Sternotomy 66 Yes MRC 5 yrs 351 23 7 Decreased dyspnoea
dyspnoea scale
YUSEN [41]  Sternotomy 159 Yes SF-36 6 months 150 6 3 Improved physical
functioning and
physical component
summary scores
YUSEN [41]  Sternotomy 152 Yes SF-36 3yrs 1221 21 8 Improved physical
functioning and
physical component
summary scores
YUSEN [41]  Sternotomy 111 Yes SF-36 5 yrs 67 31" 7 Improved physical
functioning and
physical component
summary scores
COOPER [42]  Sternotomy 150 Yes NHP 6 months 108 7 35  Improved physical
mobility, energy,
emotional reaction
and sleep scale scores
BRENNER VATS 145 Not MRC 3 months 130 6 9 Decreased dyspnoea
[43] require  dyspnoea
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BRENNER VATS

[43]

LEYENSON Sternotomy
[44]

145

50

d
Not

require

d
Yes

MRC

dyspnoea

SIP

6 months

3 months

Randomised controlled trials: bilateral LVRS compared to medical therapy

GEDDES [45] Sternotomy
, VATS

CRINER [46] Sternotomy

GOLDSTEIN VATS,

[47] sternotomy

NETT [35] Sternotomy
VATS

24/24

18%/18

28/27

608'/61
0

Yes

Yes

Yes

Yes

SF-36

SIP

CRQ

SF-36
SGRQ
QWB
UCSD SOBQ

12 months

3 months

12 months

29.2

months

84

42

13/19

11/15

28/27

608/610

5/3

3/0

4/1

157/1
60

55

6/2

4/3

1711

0/0

#i

Decreased dyspnoea

Improved
psychosocial,
physical and total SIP

scores

Improved total score
in LVRS cohort;
worsened score in
medical therapy
cohort

Improved psychosocial
physical and overall
SIP scores in LVRS
cohort; no change in
medical therapy cohort
Improved dyspnea,
fatigue, emotional
function, mastery
Improved SGRQ,
UCSD SOBQ, QWB

HRQOL: health-related quality of life; VATS: video-assisted thoracoscopic surgery; SF-36: medical outcomes survey short-

form 36; NHP: Nottingham health profile; SIP: symptom impact profile; MRC: modified medical research council dyspnoea

scale; CRQ: Chronic Respiratory Questionnaire; SGRQ: St. George’s Respiratory Questionnaire; QWB: Quality of Well-Being;

UCSD SOBQ: University of California, San Diego Shortness of Breath Questionnaire. *: one of the 19 patients randomised to

LVRS that died during preoperative rehabilitation period is excluded from the analysis; *: one patient excluded due to lung

transplantation; *: eight patients excluded due to lung transplantation;

§

: six patients excluded due to lung transplantation; ': 406

median sternotomy/174 VATS, 28 patients refused LVRS; *: patients missing data had imputed scores. Modified from [48].
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11.5.2.7. Mortality

Mortality following LVRS varies greatly among centres. The NETT Research Group
documented a 90-day surgical mortality of 7.9% in all randomised patients, compared to 1.3%
in a comparable medically treated arm [35]; much of this mortality was accounted for by high-
risk patients [39] in whom the 90-day surgical mortality was 28.6%, as compared to 0% in the
respective medical arm [35]. In nonhigh risk patients, the 90-day surgical mortality was 5.2%,

as compared to 1.5% in the medically treated patients [35].

In the NETT study, baseline patient characteristics were found to predict long-term mortality
risks. In patients with upper lobe predominant emphysema on high-resolution computed
tomography and a low postrehabilitation, maximal-achieved cycle ergometry work load, there
was an improved long-term (mean follow-up 29 months) survival in patients undergoing
bilateral LVRS compared to those treated with medical therapy (risk ratio 0.47, p=0.005).
Early higher mortality in patients treated surgically was compensated for by lower mortality
risk in LVRS patients during long-term follow-up [35]. In patients with nonupper lobe
predominant emphysema and a higher post-rehabilitation cycle ergometry work load,
surgically treated patients experienced a higher mortality than comparable, medically treated
patients (risk ratio 2.06, p=0.02) [35] (table 4). The other two sub-groups experienced no
mortality difference with LVRS [35] (table 4).

11.5.2.8. Long-term results

Few studies have reported long-term results, but they suggest widely varying long-term
morbidity and mortality among centres, return of spirometric function and lung volumes
towards preoperative baseline and worsening dyspnoea over time [49]. There appears to be

slower loss of 6-min walk distance after LVRS than of other functional measures [40].
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11.5.3. Lung transplantation

Lung transplantation should be considered in selected patients with advanced COPD. COPD is
the most common indication for lung transplantation (UNOS on-line data base). The choice of
single lung transplantation (SLT) or bilateral lung transplantation (BLT) for COPD remains

controversial [50, 51].

11.5.3.1. Qutcomes
Lung transplantation results in improved pulmonary function, exercise capacity and quality of

life. However, its effect on survival remains controversial.

11.5.3.2.  Patient selection

In selecting candidates, several issues must be considered, including the patient’s pulmonary
disability, projected survival without transplantation, comorbid conditions and patient
preferences. To optimise results of transplantation, the procedure must be carefully timed such
that transplantation is performed when the patient is neither “too healthy” nor “too ill” [52].

Selection criteria for COPD patients are shown in tables 6 and 7 [52].
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Table 6. — General selection guidelines for candidate selection for lung transplantation in COPD patients

Relative contraindications ~ Age limits
Heart-lung transplants ~55 yrs
Double lung transplant ~60 yrs
Single lung transplant ~65 yrs
Symptomatic osteoporosis
Oral corticosteroids >20 mg-day™ prednisone
Psychosocial problems
Requirement for invasive mechanical ventilation

Colonisation with fungi or atypical mycobacteria

Absolute contraindications Severe musculoskeletal disease affecting the thorax
Substance addiction within previous 6 months
Dysfunction of extrathoracic organ, particularly renal dysfunction
HIV infection
Active malignancy within 2 yrs except basal or squamous cell carcinoma of skin
Hepatitis B antigen positivity

Hepatitis C with biopsy-proven evidence of liver disease

HIV: human immunodeficiency virus.

Table 7. — Disease-specific guidelines for candidate selection for lung transplantation in COPD patients

e FEVI1 £25% pred (without reversibility) and/or
e Resting, room air Pa,CO, >7.3 kPa (55 mmHg) and/or
e Elevated Pa,CO, with progressive deterioration requiring long-term oxygen therapy

e Elevated pulmonary artery pressure with progressive deterioration.

FEV1: forced expiratory volume in one second; Pa,CO,: arterial carbon dioxide tension. Modified from [52].

11.5.3.3. Pulmonary function
Following SLT for COPD, FEV1 is expected to rise to ~50% of the predicted normal value and
FVC to ~70% of the predicted normal value [50, 51, 53].

Following BLT, FEV1 increases to 78-85% and FVC to 66-92% of the predicted normal
values [53, 54].
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11.5.3.4. Exercise capacity
Despite the differential improvements in spirometry, peak exercise capacity is similar between

SLT and BLT [55].

11.5.3.5.  Quality of life
Quality of life following lung transplantation improves dramatically, in particular for those

patients who do not develop chronic rejection [56].
Only a minority of patients return to full-time work [57].

11.5.3.6. Survival
Average actuarial survival following lung transplantation for recipients with COPD is 81.7,

61.9 and 43.4% at 1, 3 and 5 yrs (UNOS online data base).

Compared to patients with other cardiopulmonary diseases, patients with emphysema exhibit

the best overall survival after transplantation [57-59].

Data on whether transplantation actually confers a survival advantage compared to the natural

history of the disease are conflicting [50, 60, 61].

By 5 yrs following lung transplantation, the prevalence of chronic allograft rejection
(obliterative bronchiolitis), the leading cause of long-term morbidity and mortality, is as high

as 50-70% among survivors [62].

11.6. Perioperative management

11.6.1.  Preoperative

General factors include the following.
e Every effort should be made to aid with smoking cessation (see Management of stable
COPD: smoking). Smoking cessation at least 4—-8 weeks preoperatively is optimal [6,
63].
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e Optimisation of lung function using inhaled bronchodilators (see Management of stable
COPD: pharmacological therapy) in patients with severe COPD can decrease
postoperative complications [64]. Although oral corticosteroids are not recommended
for chronic disease management in the patient with COPD, those who are taking these
agents chronically should be treated with systemic steroids in the perioperative period
to minimise the risk of adrenal insufficiency. Although the potential for adrenal
insufficiency does exist in patients taking high-dose inhaled corticosteroids, the risk
appears to be low in asthmatics [65].

e Pulmonary rehabilitation should be considered in high-risk patients undergoing elective
procedures. Pre- and postoperative pulmonary rehabilitation (see Management of stable
COPD: pulmonary rehabilitation) have been shown to decrease postoperative

pulmonary complications after abdominal surgery [66].

11.6.2. Intraoperative

The COPD patient may be more sensitive to the ventilatory depressant effects of the analgesic,

regional and general anaesthetic agents used [67].

Volatile anesthetics, intravenous anaesthetics and neuromuscular blocking agents vary in their
ability to provoke unwanted autonomic effects and alter airway reactivity [68]. The risk of
pulmonary complications may be higher with the use of the long-acting neuromuscular blocker

pancuronium than shorter-acting atracurium or vecuronium [69].

The role of general versus regional anaesthesia remains controversial. A meta-analysis
suggested that neuroaxial blockade with epidural or spinal anaesthesia decrease postoperative
mortality, deep venous thrombosis, pulmonary embolism, transfusion requirements, pneumonia
and respiratory depression [70]. A subsequent randomised trial of intraoperative and
postoperative epidural analgesia plus general anaesthesia for upper abdominal surgery in high-
risk patients (7-8% with severe COPD) noted only a reduction in postoperative respiratory

failure (number needed to treat to prevent one episode of respiratory failure was 15) [71].
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In COPD patients, the combination of thoracic epidural and general anesthesia may result in

less shunting and better oxygenation during thoracic surgical procedures [72].

Thoracic epidural anaesthesia appears to have only limited deleterious effects on pulmonary
function in patients with severe COPD [73] and has been used as the primary mode of

anaesthesia for COPD patients undergoing chest wall surgery [74].

The immediate postoperative recovery period is a period of high risk because of the
possibilities of respiratory muscle dysfunction, acidemia, hypoxaemia and hypoventilation.
Close monitoring and, if necessary, mechanical ventilatory (see Exacerbation: assisted

ventilation) support become crucial at this time [9].

11.6.3.  Postoperative

Early mobilisation, deep breathing, intermittent positive-pressure breathing or incentive
spirometry have been reported to decrease postoperative complications after upper abdominal

surgery [5]. However, this remains controversial [75].

A necessary component of postoperative management is effective analgesia. Epidural
administration may offer superior analgesia with less sedation by promoting patient mobility

and deep breathing [76, 77].

Indications for postoperative mechanical ventilation are respiratory failure with retained

secretions, atelectasis and pneumonia [9].

Continuation of preoperatively prescribed respiratory medications (see Management of stable

COPD: pharmacological therapy) is standard therapy.

Weaning from mechanical ventilation patients with COPD who have had cardiac surgery may
be prolonged [16]. The patient should be ventilated at a level that maintains arterial carbon
dioxide tension at the preoperative level with a normal pH. In the COPD patient who is

difficult to extubate, gradual weaning may permit the patient’s cardiovascular status to become
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sufficiently stable to tolerate assumption of the full work of breathing. In this group of patients,
early consultation with an intensivist or pulmonologist may optimise weaning (see

Exacerbation: assisted ventilation).
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12. Management of stable COPD: sleep

12.1. Key points

Sleep in chronic obstructive pulmonary disease (COPD) is associated with
oxygen desaturation, which is predominantly due to the disease itself rather than
to sleep apnoea. The desaturation during sleep may be greater than during
maximum exercise.

Sleep quality is markedly impaired in COPD, both subjectively and objectively.

Sleep apnoea syndrome is about as prevalent in COPD as a general population
of similar age but oxygen desaturation during sleep is more pronounced when
the two conditions co-exist.

Clinical assessment in all patients with COPD should include questions about
sleep quality and possible co-existing sleep apnoea syndrome.

Sleep studies are not indicated in COPD except in special circumstances, such
as a clinical suspicion of sleep apnoea or complications of hypoxaemia that are
not explained by the awake arterial oxygen levels.

Management of sleep problems in COPD should particularly focus on
minimising sleep disturbance by measures to limit cough and dyspnoea, and
nocturnal oxygen therapy is rarely indicated for isolated nocturnal hypoxaemia.

Hypnotics should be avoided, if possible, in patients with severe COPD.

12.2. Background

Sleep has effects on breathing that include changes in central respiratory control, airways

resistance and muscle contractility. These do not have an adverse effect in healthy individuals

but may cause problems in patients with COPD.

The sleep-related disturbances in gas exchange in COPD are a consequence of the disease

itself, and are separate and distinct from sleep apnoea. Sleep-related hypoxaemia and

hypercapnia in COPD are most pronounced during rapid eye movement (REM) sleep [1].
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Oxygen desaturation in COPD is considerably greater during sleep than during maximum
exercise [2], and predisposes to nocturnal cardiac dysrhythmias [3] and pulmonary

hypertension [4], and possibly death during acute exacerbations [5].

12.3. Sleep problems in COPD

12.3.1.  Sleep quality in COPD

Patients with COPD have a higher prevalence of insomnia, nightmares and daytime sleepiness
than the general population [6], with close to 50% of patients reporting significant disturbance

in sleep quality.

Polysomnographic studies show sleep fragmentation with frequent arousals and diminished

slow wave and REM sleep [7].

Sleep disturbance is probably a consequence of the underlying lung disease, although adverse

effects of drug therapy may also contribute.

Sleep disturbance probably contributes to the nonspecific daytime symptoms of chronic

fatigue, lethargy and overall impairment in quality of life described by these patients [7, 8].

The potential effects of chronic sleep disturbance on pulmonary function in COPD are
unknown but 1 night’s sleep deprivation leads to small transient falls in forced vital capacity

and forced expiratory volume in one second [9].

12.3.2. Mechanisms of oxygen desaturation during sleep in COPD

12.3.2.1. Hypoventilation

Sleep-related hypoventilation has been demonstrated in COPD, particularly during REM, with
associated oxygen desaturation [10]. There is a close relationship between the awake arterial
oxygen tension (Pa,0,) and nocturnal arterial oxygen saturation (Sa,0;) levels [2, 11], although
hypercapnia is associated with more pronounced nocturnal oxygen desaturation than

normocapnia for any given level of awake Sa,0, in some studies [11, 12] but not in others [2].
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Nocturnal oxygen desaturation in COPD is probably the consequence of the combined effects
of physiological hypoventilation during sleep and the fact that hypoxaemic patients show a
proportionately greater fall in Sa,0, with hypoventilation because they are on, or close to, the
steep portion of the oxyhaemoglobin dissociation curve. However, some patients with awake
Pa,0; levels in the mildly hypoxaemic range can also develop clinically significant nocturnal

oxygen desaturation, which may predispose to pulmonary hypertension [13].

The mechanisms of hypoventilation in sleep include a diminished responsiveness of the
respiratory centre to chemical, mechanical and cortical inputs, particularly during REM sleep.
Furthermore, there is a normal circadian change in airway calibre resulting in mild nocturnal

bronchoconstriction.

12.3.2.2. Altered ventilation/perfusion relationships

The accessory muscle contribution to breathing is reduced in sleep, particularly during REM,
which results in a decreased functional residual capacity. This contributes to worsening
ventilation/perfusion relationships, which also aggravates hypoxaemia. This fall in intercostal
muscle activity is particularly significant in patients who are dependent on accessory muscle
activity to maintain ventilation, such as those with COPD, where lung hyperinflation reduces

the efficiency of diaphragmatic contraction.

12.3.3. Effect of oxygen desaturation during sleep on hemodynamics, morbidity, mortality

Studies of COPD patients with nocturnal desaturation and mild daytime hypoxemia have
demonstrated higher daytime pulmonary artery pressures in these patients than in a similar

group of patients who did not desaturate at night [14].

REM-associated falls in Sa,0, are associated with increases in pulmonary artery pressure
during sleep that can be reversed by supplemental oxygen, although most COPD patients with
sustained pulmonary hypertension are also hypoxaemic during the daytime. However, there is
no convincing evidence that isolated nocturnal pulmonary hypertension in COPD is a

significant independent predictor of survival.
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Patients with COPD have also been reported to have an increase in premature ventricular
contractions during sleep, which decrease in frequency with supplemental oxygen [3].
Furthermore, hypoxaemia in REM sleep may have myocardial effects similar to those found

during maximal exercise [15].

There is evidence that nocturnal oxygen desaturation contributes to mortality, particularly
during acute exacerbations. Two studies have demonstrated a significant relationship between
nocturnal desaturation and long-term survival, although the data are less clear on whether the
relationship is independent of other factors such as lung function or awake blood gases [11,
16]. Furthermore, there is no clear evidence that correction of nocturnal oxygen desaturation
improves survival [16]. However, there is evidence that patients with exacerbations are more

likely to die at night, particularly those with hypercapnia [5].

12.3.4. Co-existing sleep apnoea syndrome and COPD

The prevalence of sleep apnoea in patients with COPD is about the same as a normal
population of similar age [17]. However, patients with co-existing COPD and sleep apnoea
typically develop more severe oxygen desaturation during sleep because such patients may be
hypoxaemic at the commencement of each apnoea, whereas patients with pure sleep apnoea
tend to resaturate to normal Sa,0, levels in between apnoeas. Therefore, they are particularly

prone to the complications of chronic hypoxaemia, such as cor pulmonale and polycythaemia.

12.4. Assessment

12.4.1.  Clinical evaluation of sleep abnormalities in COPD

All patients with COPD should be questioned about symptoms of sleep disturbance and
possible associated sleep apnoea syndromes, such as snoring, witnessed apnoea during sleep

and excessive daytime sleepiness.

12.4.2.  Sleep studies in COPD

Since the best predictor of nocturnal oxygen desaturation is awake arterial blood gas levels,

overnight sleep studies are not indicated in COPD except in special circumstances such as a
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clinical suspicion of co-existing sleep apnoea, or the presence of complications such as

polycythaemia or cor pulmonale that cannot be explained by the awake Pa,0,.

12.5. Therapy

12.5.1. Management of sleep-related disturbances

Management of sleep problems in COPD should first focus on optimising the patient’s overall
respiratory condition. Measures to improve sleep quality should focus on minimising

symptoms such as cough and dyspnoea that may disturb sleep patterns by arousal.

Nocturnal oxygen therapy is not recommended for isolated nocturnal hypoxaemia except in
special circumstances, such as the presence of complications of hypoxaemia, i.e.

polycythaemia or cor pulmonale that are not explained by the awake Pa,0,.

A number of pharmaceutical agents have been shown to benefit nocturnal Sa,0,, including
theophylline [18] and anticholinergic agents [19, 20], and ipratropium has been shown to
improve sleep quality [19].

There is no evidence to support the use of pulmonary vasodilator therapy.

12.5.2.  Pressure support for nocturnal respiratory failure in COPD

Patients with nocturnal respiratory failure due to COPD that is not adequately corrected by
oxygen and pharmacological therapy can be considered for external pressure support during
sleep. Bi-level positive airway pressure is generally more effective than continuous positive
airway pressure (CPAP), since the most important contributing mechanism to nocturnal
hypoxaemia is hypoventilation. However, if there is co-existing COPD and sleep apnoea

syndrome, CPAP may be indicated if the latter condition predominates.

12.5.3. Hypnotics and COPD

Hypnotics, particularly benzodiazepines, should be avoided, if possible, because of a potential

deleterious effect on ventilation, although there is evidence that some hypnotics, such as
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zolpidem, can be used in less severe COPD without significant adverse effects on gas exchange

[21].
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13. Management of stable COPD: air travel

13.1.  Key points

e Commercial airliners can cruise at >12,192 m (>40,000 feet) as long as the
cabin is pressurised from 1,829-2,438 m (6,000-8,000 feet). This is equivalent
to an inspired oxygen (O,) concentration at sea level of ~15%.

e Patients with chronic obstructive pulmonary disease (COPD) can exhibit falls in
arterial O, tension (Pa,0;) that average 25 mmHg (3.3 kPa).

e Pre-flight assessment can help determine O, needs and the presence of co-
morbidities.

e O, needs can be estimated by using the hypoxia inhalation test or through the
use of regression formulae.

e Most airlines will provide supplemental O, on request.

e There is increasing evidence that patients on long flights may be at increased

risk for deep vein thrombosis.

13.2. Background

Commercial airliners can cruise at altitudes above 12,192 m (40,000 feet) when the cabin is
pressurised from 1,829-2,438 m (6,000-8,000 feet). This is equivalent to an inspired O;
concentration at sea-level of ~15% [1]. Patients with severe COPD experience falls in their
Pa,0, that average 25 mmHg (3.3 kPa), however, these falls may exceed 30 mmHg (4 kPa) at
2,438 m (8,000 feet) due to the exposure to hypobaric hypoxia [1]. Since sea-level Pa,0; values
are on the steep portion of the O,-haemoglobin dissociation curve, the corresponding fall in

arterial O, saturation (Sa,0,) may be quite severe.

The expected reduction of O, partial pressure (PO,) in the cabin of commercial aircraft
routinely produces hypoxaemia in patients who have stable, compensated COPD at sea level
[1]. During flights, patients may develop dyspnoea, wheezing, chest pain, cyanosis and right
heart failure, leading to urgent requests for O, [2]. Even light physical exertion during a flight

can increase the risk of an exacerbation of symptoms [3]. Although death due to a purely
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respiratory cause rarely occurs during flight, the frequency of less-morbid events, including

worsening symptoms after exiting the plane, may be underreported.

13.3. Cabin environment

Clinicians should consider 2,438 m (8,000 feet) above sea level as a realistic environment for
most patients who plan to engage in commercial air travel in the USA [4]. Air travel in small
aircraft with pressurised and unpressurised cabins, including commuter planes, can also result
in significant hypobaric exposure. If specific information concerning cabin altitude is known in

advance, it should be integrated into decision-making processes.

13.4. Co-morbidities

Recent literature has suggested that pulmonary embolism is a risk factor for many airline
travellers. This seems to be related to the duration of flight and underlying predisposing factors
[5]. Patients with COPD are presumably at an equal or higher risk than the general population.
The number of passengers with COPD and air travel hypoxaemia contributing to cardiac arrest,

stroke, seizure or pulmonary embolism during flight is unknown.

13.5. Pre-flight assessment

The pre-flight assessment should incorporate the following steps in many cases: 1) estimate the
expected degree of hypoxaemia at altitude; 2) identify co-morbid disease conditions; and 3)
prescribe Oy if necessary. Counselling the patient and documenting recent clinical condition
and laboratory tests are also desirable elements of pre-flight patient care, particularly if the

patient is travelling abroad.

At present, the two most widespread means of estimating the degree of hypoxaemia at altitude
consist of the hypoxia inhalation test [6, 7] and the use of regression formulae [1]. The use of a
sea level O, pressure threshold of 68—72 mmHg (9-9.6 kPa) as safe or unsafe will misclassify

many patients and is not recommended [1].
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13.5.1. Hypoxia inhalation test

The hypoxia inhalation test (HIT) provides the opportunity to assess the effects of normobaric
hypoxaemia on the individual patient with COPD [6, 7]. However, symptoms and
electrocardiogram (ECG) abnormalities rarely occur during a short hypoxic exposure in

patients with uncomplicated COPD [8].

At sea level, the HIT should expose patients to 15.1% O, (simulating 2,438 m (8,000 feet)),
breathing from a reservoir through a mouthpiece with nose clips in place for 15-20 mins with a
12-lead ECG monitoring for ischemia [9]. The primary end-point for the HIT consists of
sampling arterial blood in the upright position in most cases. Pulse oximetry tends to
underestimate the degree of acute hypobaric hypoxia and should not be used alone to decide if
significant hypoxaemia has occurred [10]. Pulse oximetry can be used to titrate O,
supplementation and avoid multiple needle sticks for blood gas testing. ECG leads should be

employed in selected patients to monitor for ischemia and arrhythmias.

Candidates for the HIT may include: 1) COPD patients with co-morbid diseases that may be
affected by hypoxaemia (coronary artery disease, congestive heart failure, arrhythmias and
other cardiac diseases; cerebrovascular disease; anaemia; seizure disorders and other
neurological diseases; and pulmonary vascular disease including pulmonary embolism); 2)
COPD patients who previously manifested symptoms during air travel; 3) COPD patients
recovering from acute exacerbations; 4) COPD patients known to develop hypoventilation with
O, administration; 5) COPD patients who have a regression equation prediction of altitude
Pa,0, that is borderline; and 6) COPD patients who require additional reassurance before

embarking on air travel.

13.5.2.  Regression equations

Regression equations offer the opportunity to compare an individual to a group of patients with
similar clinical characteristics who have been previously studied during exposure to hypobaric
hypoxia [1]. The regression approach does not assess the individual’s susceptibility to the
development of symptoms or ECG changes during hypoxia. Regression equations can be used

as a screening tool to identify patients with borderline Pa,0, estimates for further testing with
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the HIT. The alveolar/arterial O, gradient (PA-a,0;) and alveolar/arterial O; ratio generally have
no advantage over regression equations. Furthermore, the alveolar/arterial gradient at sea level

should not be assumed constant at altitude.

The timing of pre-flight testing should be within 2—14 days of travel if practical. A prior study
that compared a HIT (17.2% O, at sea level) with a 1,650 m (5,413 feet) flight 3 weeks to 4
months later in 13 COPD patients found considerable variability of up to 1.5 kPa (11 mmHg)
in Pa,0, values [6]. Assessments within 2 h of flight have greater accuracy but less practicality

[11].
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13.6. Oxygen supplementation

It is currently recommended that the Pa,0, during air travel should be maintained above 50
mmHg (6.7 kPa) [12]. Treatment with 2—-3 L of O, by nasal cannula will replace the inspired
O, partial pressure lost at 2,438 m (8,000 feet) compared to sea level [13]. For high-risk
patients, the goal should be to maintain PO, during flight at the same level at which the patient

is clinically stable at sea level.

Patients will also require additional O, supplementation if the elevation at the destination is
significantly greater than at home. O, conserving devices have been demonstrated to be

effective at altitude and may be practical for long-duration flights.

An O, prescription may be required for each segment of the travel itinerary. In a recent review,
seven out of 11 US based air carriers and 18 out of 22 international carriers allowed O,
supplementation [14]. All carriers provided nasal cannulas with a wide variation in other

devices, O, flow rates and prices.
Stable COPD patients not requiring home O, and without co-morbid diseases who have

recently travelled safely by air without O, and who are clinically stable since their previous air

travel can make an informed decision to travel without O,.
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14. Exacerbation: definition, evaluation and treatment

14.1. Key points

® The definition of a chronic obstructive pulmonary disease (COPD) exacerbation is an
acute change in a patient’s baseline dyspnoea, cough and/or sputum beyond day-to-day

variability sufficient to warrant a change in therapy.

® The Operational Classification of Severity is as follows: ambulatory (Level I), requiring

hospitalisation (Level II) and acute respiratory failure (Level III).
® (Causes of exacerbation can be both infectious and noninfectious.

® Medical therapy includes bronchodilators, corticosteroids, antibiotics and supplemental

oxygen therapy.
e Ventilatory support (see Exacerbation: assisted ventilation).

e End-of-life issues (see Ethical and palliative care issues).

14.2. Background

Exacerbations are a common cause of morbidity [1-3] and mortality in COPD patients [4—6]
(see Epidemiology, risk factors and natural history). COPD in the USA annually accounts for
16,000,367 office visits, 500,000 hospitalisations and $18 billion in direct healthcare costs [6—
9]. In the EU, the annual number of consultations per 100,000 population averages 17,300 and
accounts for €10.3 billion in healthcare cost. Despite aggressive medical treatment,
approximately one third of patients discharged from the emergency department with acute
exacerbations have recurrent symptoms within 14 days [10], and 17% relapse and require
hospitalisation [11]. Identification of patients at risk for relapse improves decisions about

hospital admissions and follow-up [12-14].

Conventional end-points for efficacy of therapy (bronchodilators, corticosteroids and antibiotic
treatment) in exacerbations include symptoms and bacteriological resolution at 2—4 weeks.
These end-points have been used to evaluate new drugs but may lack clinical relevance. Other

end-points, such as an exacerbation-free interval, resource utilisation (hospitalisation, clinic

166 of 222



167 of 222

visits, medication use, lost work days, efc.) and improved quality of life may be more suitable

end-points in this patient population [15-18].

14.3. Definition

An exacerbation of COPD is an event in the natural course of the disease characterised by a
change in the patient’s baseline dyspnoea, cough and/or sputum beyond day-to-day variability

sufficient to warrant a change in management.

14.4. Classification

There is no agreed classification of exacerbations. The following operational classification of

severity can help rank the clinical relevance of the episode and its outcome.

e Levell: treated at home.
e LevelIl: requires hospitalisation.
e Level III: leads to respiratory failure.

14.4.1. Risk factors

e Infectious process [7, 8]: viral (Rhinovirus spp., influenza); bacteria (Haemophilus influenzae,
Streptococcus pneumoniae, Moraxella catarrhalis, Enterobacteriaceae spp., Pseudomonas
spp-)-

e Environmental conditions.

e Air pollution exposure.

e Lack of compliance with long-term oxygen therapy.

e Failure to participate in pulmonary rehabilitation.

144.2. Relapse

e Incidence 21-40 % [11, 14, 19-21].

e Risk factors for relapses include [11-14, 19-21]: low pretreatment forced expiratory volume in
one second; need to increased bronchodilator or corticosteroid use; previous exacerbations
(more than three in the last 2 yrs); prior antibiotic treatment (mainly ampicillin); presence of
comorbid conditions (congestive heart failure, coronary artery disease, chronic renal or liver

failure).
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14.5. Assessment

Several clinical elements must be considered when evaluating patients with exacerbations.
These include the severity of the underlying COPD, the presence of comorbidity and the
history of previous exacerbation. The physical examination should evaluate the effect of the
episode on the haemodynamic and respiratory systems. The diagnostic procedures to be

performed depend on the setting of the evaluation [22, 23].

Table 1 shows the elements of the clinical evaluation and diagnostic procedures that are

usually informative in patients with exacerbations according to the severity of the episode.

Table 1. — Clinical history, physical findings and diagnostic procedures

Level I Level IT Level IIT

Clinical history

Co-morbid conditions” + -+ +++

Frequent exacerbations + +++ +++

Severity of COPD Mild/moderate Moderate/severe Severe
Physical findings

Haemodynamic Stable Stable Stable/unstable

Use accessory respiratory muscles, tachypnoea Not present ++ +++

Persistent symptoms after initial therapy No ++ +++
Diagnostic procedures

Oxygen saturation Yes Yes Yes

Arterial blood gases No Yes Yes

Chest radiograph No Yes Yes

Blood tests! No Yes Yes

Serum drug concentrations” If applicable If applicable If applicable

Sputum gram stain and culture No* Yes Yes

Electrocardiogram No Yes Yes

+: unlikely to be present; ++: likely to be present; +++: very likely to be present. *: the more common comorbid
conditions associated with poor prognosis in exacerbations are congestive heart failure, coronary artery disease,
diabetes mellitus, renal and liver failure; %: blood tests include cell blood count, serum electrolytes, renal and liver
function; *: serum drug concentrations, consider if patients are using theophyllin, warfarin, carbamezepine,
§

digoxin; *: consider if patient has recently been on antibiotics.
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14.6. Outpatient

14.6.1. Treatment

The treatment of exacerbation has to be based on the clinical presentation of the patient, as

shown in table 2 for Level 1.

Table 2. — Level I: outpatient treatment

Patient education
e  Check inhalation technique
e Consider use of spacer devices
Bronchodilators
e  Short-acting B,-agonist” and/or ipratropium MDI with spacer or hand-held nebuliser as
needed [24-26]
e Consider adding long-acting bronchodilator if patient is not using it
Corticosteroids (the actual dose may vary)
e  Prednisone 3040 mg per os g day for 10 days [27-29]
e Consider using an inhaled corticosteroid [30]
Antibiotics [7, 11, 18, 31-34]
e May be initiated in patients with altered sputum characteristics
e Choice should be based on local bacteria resistance patterns
*  Amoxicillin/ampicillin’, cephalosporins™
o Doxycycline
e Macrolides® [35-37]
o  If the patient has failed prior antibiotic therapy consider: Amoxicillin/clavulanate [36]
Respiratory fluoroquinolones’ [18, 38, 39]

e Cefdinir, Cefprozil, Cefuroxime

MDI: metered-dose inhaler. *: albuterol, salbutamol, terbutaline; *: purulence and/or volume; 1. depending on local

prevalence of bacterial p-lactamases; “: azithromycin, clarithromycin, dirithromycin. roxithromycin;

gatifloxacin, levofloxacin and moxifloxacin; . cefpodoxime, cefprozil, cefuroxime, Cefdinir.
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14.7. Inpatient

14.7.1.  Hospitalisation

Traditionally, the decision to admit derives from subjective interpretation of clinical features,
such as the severity of dyspnoea, determination of respiratory failure, short-term response to
emergency room therapy, degree of cor pulmonale and the presence of complicating features,

such as severe bronchitis, pneumonia or other comorbid conditions.

Few clinical studies have investigated patient-specific objective clinical and laboratory features
that identify patients with COPD who require hospitalisation. General consensus supports the
need for hospitalisation in patients with severe acute hypoxaemia or acute hypercarbia. Less
extreme arterial blood gas abnormalities, however, do not assist decision analysis. Other
factors that identify “high-risk” patients include a previous emergency room visit within 7
days, the number of doses of nebulised bronchodilators, use of home oxygen, previous relapse
rate, administration of aminophylline, and the use of corticosteroids and antibiotics at the time

of previous emergency room discharge [10, 40—42].

14.7.1.1. Indications

Table 3 below provides reasonable guidelines for patient hospitalisation. Based on expert
consensus, they consider the severity of the underlying respiratory dysfunction, progression of
symptoms, response to outpatient therapy, existence of comorbid conditions, necessity of
surgical interventions that may affect pulmonary function and the availability of adequate

home care.
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Table 3. — Indications for hospitalisation of patients with a COPD exacerbation

e The presence of high-risk comorbid conditions, including pneumonia, cardiac arrhythmia, congestive heart
failure, diabetes mellitus, renal or liver failure

e Inadequate response of symptoms to outpatient management

e  Marked increase in dyspnoea

o Inability to eat or sleep due to symptoms

e  Worsening hypoxaemia

e  Worsening hypercapnia

e Changes in mental status

o Inability of the patient to care for her/himself (lack of home support)

e Uncertain diagnosis.

14.7.1.2.  Treatment
The treatment of exacerbation has to be based on the clinical presentation of the patient, as

shown in table 4 for Level 1I.

Table 4. — Level II: treatment for hospitalised patient

Bronchodilators
e  Short acting 3, agonist (Albuterol, salbutamol) and/or
e Ipratropium MDI with spacer or hand-held nebuliser as needed [24-26]
Supplemental oxygen (if saturation <90 %) (see Inpatient oxygen therapy)
Corticosteroids
e If patient tolerates, prednisone 30—-40 mg per os g day for 10 days [27-29]
e If patient can not tolerate oral intake, equivalent dose i.v. for up to 14 days [40, 41]
e Consider use inhaled corticosteroids by MDI or hand-held nebuliser [30]
Antibiotics (based on local bacteria resistance patterns) [7—11,18, 28-36]
e  May be initiated in patients that have a change in their sputum characteristics (purulence and/or volume)
e Choice should be based on local bacteria resistance patterns
e Amoxicillin/clavulanate [36]
e Respiratory fluoroquinolones (gatifloxacin, levofloxacin, moxifloxacin) [18, 38, 39]

o If Pseudomonas spp. and/or other Enterobactereaces spp. are suspected, consider combination therapy

MDI: metered-dose inhaler.
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14.7.2.  Criteria for special care and/or intensive care unit admission

14.7.2.1.  Indications

The severity of respiratory dysfunction dictates the need for admission to an intensive care unit
(ICU) (table 5). Depending on the resources available within an institution, admission of
patients with severe exacerbations of COPD to intermediate or special respiratory care units
may be appropriate if personnel, skills and equipment exist to identify and manage acute

respiratory failure successfully.

Table 5. — Indications for intensive care unit or special care unit admission

e Impending or actual respiratory failure
e Presence of other end-organ dysfunction, i.e. shock, renal, liver or neurological disturbance

e Haemodynamic instability

14.7.2.2. Treatment
The treatment of exacerbation has to be based on the clinical presentation of the patient, as

shown in table 6 for Level II1.

Table 6. — Level III: treatment in patients requiring special or intensive care unit

Supplemental oxygen (see Exacerbation: inpatient oxygen therapy)
Ventilatory support (see Exacerbation: assisted ventilation)
Bronchodilators
e Short acting 3, agonist (Albuterol, salbutamol) and ipratropium MDI with spacer, two puffs every 2—4 h [24—
26]. If the patient is on the ventilator, consider MDI administration [43, 44], Consider long-acting 3 agonist
Corticosteroids
e If patient tolerates oral medications, prednisone 30-40 mg per os g day for 10 days [27-29]
e If patient can not tolerate, give the equivalent dose i.v. for up 14 days [45, 46]
e Consider use inhaled corticosteroids by MDI or hand-held nebuliser [30]
Antibiotics (based on local bacteria resistance patterns) [7-11, 18, 28-36]
e Choice should be based on local bacteria resistance patterns
e Amoxicillin/clavulanate
e Respiratory fluoroquinolones (gatifloxacin, levofloxacin, moxifloxacin)

e If Pseudomonas spp. and or other Enterobactereaces spp. are suspected consider combination therapy [7]

MDI: metered-dose inhaler.
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14.7.2.3.  Ventilatory support

Several controlled trials have evaluated the effect of noninvasive ventilation on different
outcomes, including rate of intubation, length of ICU and hospital stay, and dyspnoea and
mortality. Although not all showed the same results in the most important outcomes, such as
mortality, there was uniform agreement that noninvasive positive-pressure ventilation was
effective in reversing acute respiratory failure. The patients most likely to benefit from
noninvasive ventilation are those with elevated arterial carbon dioxide, who are able to
cooperate with the care givers and with no other important comorbid problems (sepsis, severe

pneumonia, cardiovascular collapse, arrhythmias) (see Exacerbation: assisted ventilation).
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14.7.3.  Criteria for hospital discharge

As a general rule, patients hospitalised for an acute exacerbation can be considered for
discharge once the reasons for admission are controlled and/or reversed. Based on consensus,

the guidelines described on table 7 have proven useful in practice.

Table 7. — Conditions that need to be met when considering patients for discharge

e Symptoms are returning to baseline, including eating, sleeping efc.

e Haemodynamic stability

e Oxygenation returning to baseline (see Exacerbation: inpatient oxygen therapy)

e Inhaled B-agonist therapy is required less frequently

e Patient able to resume ambulation

e Able to eat and sleep without frequent awakening by dyspnoea

e  Off parenteral therapy for 12-24 h

e Patient (or home caregiver) understands correct use of medications

e Follow-up and homecare arrangements have been completed (e.g. visiting nurse, oxygen delivery, meal

provisions etc.)

14.7.4.  Follow-up evaluation

Once discharged, the patient should be followed. There are no studies that have addressed the
specific schedules more likely to result in positive outcome but patients with frequent
exacerbations are more likely to relapse. Likewise, patients who have developed respiratory
failure requiring admission to an intensive care carry a very high mortality risk. Based on this,

the guidelines in table 8 are reasonable.

Table 8. — Guidelines for the re-evaluation of patients admitted for exacerbation of COPD

Patients need to be reassessed within 4 weeks

Evaluate improvement in symptoms and physical exam

e Assess need for supplemental oxygen (see Exacerbation: inpatient oxygen therapy)
e Repeat complementary exams if previous abnormalities were present.

e Assess ability of the patient to cope with the environment

e  Understand and re-adjust the treatment regimen
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14.8. End of life

For end-of-life issues see Ethical and palliative care issues.
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15.

Exacerbation: inpatient oxygen therapy

15.1. Key points

The goal is to prevent tissue hypoxia by maintaining arterial oxygen saturation (Sa,0,)
at >90%.

Main delivery devices include nasal cannula and venturi mask.

Alternative delivery devices include nonrebreather mask, reservoir cannula, nasal
cannula or transtracheal catheter.

Arterial blood gases should be monitored for arterial oxygen tension (Pa,0;), arterial
carbon dioxide tension (Pa,CO;) and pH.

Arterial oxygen saturation as measured by pulse oximetry (Sp,0;) should be monitored
for trending and adjusting oxygen settings.

Prevention of tissue hypoxia supercedes CO; retention concerns.

If CO, retention occurs, monitor for acidemia.

If acidemia occurs, consider mechanical ventilation.

15.2. Goal

The goal of inpatient oxygen therapy is to maintain Pa,0, >8 kPa (60 mmHg) or Sp,0, >90% in

order to prevent tissue hypoxia and preserve cellular oxygenation. Because of the shape of the

oxyhaemoglobin dissociation curve, increasing the Pa,0, to values much greater than 8 kPa (60

mmHg) confers little added benefit (1-2 vol %) and may increase the risk of CO, retention,

which may lead to respiratory acidosis [1].

15.3. Oxygen delivery methods

The choice of delivery devices depends on the patient’s oxygen requirement, efficacy of the

device, reliability, ease of therapeutic application and patient acceptance. An arterial blood gas

(ABG) or oximetry is advised upon switching delivery devices. Frequent monitoring is highly

advisable in the unstable patient [2-5].

The first-line options and the second-line options for oxygen delivery are presented here.
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15.3.1.  First-line options

15.3.1.1.  Standard nasal cannula

The standard nasal cannula delivers an inspiratory oxygen fraction (F1,0,) of 24—40% at supply
flows ranging from 1-5 L-min"'. The formula is FLO, = 20% + (4 x oxygen litre flow). The
F1,0,1s influenced by breath rate, tidal volume and pathophysiology. The slower the inspiratory
flow the higher the F1,0, [6].

15.3.1.2.  Venturi mask

A Venturi mask mixes oxygen with room air, creating high-flow enriched oxygen of a settable
concentration. It provides an accurate and constant F1,0,. Typical FI1,0, delivery settings are 24,
28, 31, 35 and 40% oxygen. The Venturi mask is often employed when the clinician has a

concern about CO, retention [2].

15.3.2.  Second-line options

15.3.2.1. Simple face mask

The volume of the face mask is 100-300 mL. It delivers an F1,0, of 40-60% at 5—-10 L-min™".
The F1,0,is influenced by breath rate, tidal volume and pathology. The face mask is indicated
in patients with nasal irritation or epistaxis. It is also useful for patients who are strictly mouth
breathers. However, the face mask is obtrusive, uncomfortable and confining. It muffles

communication, obstructs coughing and impedes eating [2].

15.3.2.2. Nonrebreathing face mask with reservoir and one-way valve

The nonrebreathing face mask is indicated when an F1,0, >40% is required. It may deliver
FLO, up to 90% at high flow settings. Oxygen flows into the reservoir at 8—10 L-min™', washing
the patient with a high concentration of oxygen. Its major drawback is that the mask must be

tightly sealed on the face, which is uncomfortable. There is also a risk of CO; retention [2].

15.3.2.3.  Reservoir cannulas
Reservoir cannulas improve the efficiency of oxygen delivery. Hence, patients may be well
oxygenated at lower flows. Litre flows of >8 L-min"' have been reported to adequately

oxygenate patients with a high flow requirement [7, 8].
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15.3.2.4. High-flow transtracheal catheters

Transtracheal catheters deliver oxygen directly into the trachea. There are wash-out and storage
effects that promote gas exchange as well as providing high-flow oxygen. High-flow
transtracheal catheters may reduce the work of breathing and augment CO, removal. Patients
who have been extubated may benefit from an interim of high-flow transtracheal oxygen to

better ensure weaning success [9, 10].

15.3.2.5. High-flow warmed and humidified nasal oxygen

Nasal oxygen has been administered at lows ranging from 10-40 L-min"'. When this oxygen is
warmed to body temperature and saturated to full humidity, it is comfortable. Early clinical and
bench studies have demonstrated Sa,0, equivalent to or surpassing nonrebreathing face masks
at the same supply flow setting. Definitive recommendations about high-flow nasal oxygen

will await more definitive studies [11].

15.4. Setting and adjusting oxygen flow

See figure 1.
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Assess patient
obtain ABG
begin Oxygen

Assure Pa02 > 60 mmHg
Adjust 02 to Sa02>90%

Yes

Hypercapnia?
PaCO2>50 mmH
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Oxygen setting
Re-assess ABG Maintain 02
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4

Yes Consider

mechanical ventilation
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(with PaO2>60 mmHg)
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No change in
Oxygen setting

Fig. 1. - Algorithm to correct hypoxaemia in an acutely ill chronic obstructive pulmonary
disease patient. ABG: arterial blood gas; Pa,O2: arterial oxygen tension; O2: oxygen; Sa,02:
arterial oxygen saturation; Pa,CO,: arterial carbon dioxide tension; NPPV: noninvasive
positive pressure ventilation.

15.4.1.1. Initial setting
Acute increases in FI1,0, may cause a ventilation/perfusion mismatch and lead to hypercarbia.
Hence, it is recommended that the initial flow setting be adjusted to increase the Pa,0; to just

above 8 kPa (60 mmHg) [12, 13].

15.4.1.2. Oxygen titration

Following the initial setting, the oxygen flow should be adjusted via ABG to bring the oxygen
pressure to >8 kPa (60 mmHg) or $a,0, >90% (92-96%). If CO, retention occurs, the pH
should be observed. If it is nonacidemic, the high CO; should be accepted as it is chronic. If the

pH is acidemic, a Venturi mask should be considered, to closely control the F1,0,, or invasive
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or noninvasive mechanical ventilation. All other medical treatments, including bronchodilators,
secretion clearance, steroids and treatment of infection, should be optimised. As the patient
becomes ambulatory, pulse oximetry can be used to determine an exercise flow setting while

walking in the hallway (fig. 1) [1].

15.4.1.3. Hypercarbia concern

Patients with Pa,CO, <6 kPa (45 mmHg), receiving oxygen sufficient to raise Pa,0, to 8 kPa (60
mmHg), will be unlikely to experience CO; retention [14]. If CO, retention does occur, it is
often minor and not usually accompanied by significant acidosis. It is a reasonable goal to
adjust the oxygen setting to correct the hypoxaemia to a Pa,0, slightly >8 kPa (60 mmHg),
allowing 20-30 min to achieve steady state. The pH should be monitored for changes in acid-
base status. If adequate oxygenation is unachievable without progressive respiratory acidosis,
then noninvasive or invasive mechanical ventilation should be considered (see Exacerbation:

assisted ventilation) [15-18].

15.4.2.  Monitoring following hospital discharge

Patients may be started on oxygen for the first time during hospitalisation for an acute
exacerbation and discharged before recovery is complete. Patients with hypoxaemia at
discharge may require short-term oxygen therapy as the effects of the exacerbation are
clearing. After 30-90 days, oxygen may no longer be required. Thus re-evaluation of the
patient’s oxygen and medical status should be completed. If the patient no longer meets the
prescribing criteria for long-term oxygen therapy (LTOT), oxygen should be discontinued, as
there is no proven survival benefit for patients with mild hypoxaemia [19] (see Management of

stable COPD: long-term oxygen therapy).

Some patients who needed oxygen prior to hospitalisation may, over time, increase their Pa,0;
to the point that they no longer qualify for oxygen. This phenomenon is thought to be due to a
reparative effect of LTOT. Withdrawing oxygen from these patients may negate the reparative
effect and cause the patient’s status to deteriorate to the point of meeting the physiological
requirement for oxygen. Consequently, these patients should continue their oxygen therapy

without interruption as withdrawing their oxygen might be detrimental [20, 21].
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16.

Exacerbation: assisted ventilation

16.1. Key points

Noninvasive positive pressure ventilation (NPPV) should be offered to patients with
exacerbations when, after optimal medical therapy and oxygenation, respiratory
acidosis (pH <7.36) and or excessive breathlessness persist. All patients considered for
mechanical ventilation should have arterial blood gases measured.

If pH <7.30, NPPV should be delivered under controlled environments such as
intermediate intensive care units (ICUs) and/or high-dependency units.

If pH <7.25, NPPV should be administered in the ICU and intubation should be readily
available.

The combination of some continuous positive airway pressure (CPAP) (e.g. 4-8
cmH,0) and pressure support ventilation (PSV) (e.g. 10-15 cmH,0) provides the most
effective mode of NPPV.

Patients meeting exclusion criteria should be considered for immediate intubation and
ICU admission.

In the first hours, NPPV requires the same level of assistance as conventional

mechanical ventilation.

16.2. Background

Mechanical ventilation, either “invasive” or “noninvasive”, is not a therapy but it is a form of

life support until the cause underlying the acute respiratory failure is reversed with medical

therapy [1-3].

16.3. Indications for mechanical ventilation

The institution of mechanical ventilation should be considered when, despite “optimal”

medical therapy and oxygen administration there is moderate-to-severe acidosis (pH <7.36)

and hypercapnia (arterial carbon dioxide tension (Pa,CO;) >6—8 kPa (45-60 mmHg)) and

respiratory frequency >24 breaths-min™'.
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16.4. Modes of mechanical ventilation

Mechanical ventilation can be delivered as follows.
e Through an endotracheal tube bypassing the upper airway, i.e. “conventional” or
“invasive” mechanical ventilation.
e Without the use of an endotracheal tube, i.e. “noninvasive” mechanical ventilation or
NIMYV, which can be instituted in two modes:
e Noninvasive positive pressure ventilation (NPPV) (nasal or face masks)

e negative pressure ventilation (NPV) (e.g. iron lung)

16.5. Noninvasive positive pressure ventilation

NPPV is by far the most popular mode of providing noninvasive ventilation [3, 4] in

combination with some CPAP plus PSV [1, 5].

Gas exchange: arterial blood gases improve because of an increase in alveolar ventilation
without significant modifications in the alveolar ventilation/perfusion mismatching and gas

exchange in the lungs [6].
Pulmonary mechanics: application of CPAP during PSV provides a greater reduction of the
work of breathing than either alone, because CPAP counterbalances the intrinsic positive end-

expiratory pressure or positive end-expiratory pressure [7].

The pathophysiological rationale for the combined application of CPAP and PSV is illustrated
figure 1 [1].
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Fig. 1. - The pathophysiological rationale for the combined application of continuous positive
airway pressure (CPAP) and pressure support ventilation (PSV). Raw; airway resistance;
PEEP: positive end-expiratory pressure; IPPV: intermittent positive pressure ventilation;
Pa,CO.,: arterial carbon dioxide tension.

A few physiological [8, 9] and nonrandomised clinical [10] studies suggest that NPV can also
be successfully used in the management of exacerbations of chronic obstructive pulmonary
disease (COPD) with respiratory failure. However, NPV cannot be recommended until

prospective randomised clinical trails with document it’s effectiveness and safety.

In addition to randomised clinical trials, high quality meta-analysis showed that NPPV is very

effective amd safe in exacerbations of COPD [11] with respiratory acidosis [12].
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In this section, the clinical settings, contraindications, complications and outcomes of NPPV,

as well of the need for invasive ventilation and chronic “home” NPPV are discussed.

16.5.1.  Clinical settings

NPPV can be delivered in different clinical settings.

e Medical ward [13, 14]: patients with moderate acidosis (pH 7.30-7.35) and
hypercapnia (6—8 kpA (Pa,CO, 45-60 mmHg)).

e Intermediate- or high-dependency respiratory unit [15, 16]: patients who present
moderate-to-severe acidosis (pH <7.30); the facilities for rapid endotracheal intubation
and institution of conventional mechanical ventilation should be promptly available.

e [CU [17]: patients with severe respiratory acidosis (pH <7.25); in this particular setting,
NPPV may be as effective as conventional mechanical ventilation to reverse acute

respiratory failure due to COPD [18].

16.5.2. Contraindications

Contraindications for NPPV include the following:
e respiratory arrest
e cardiovascular instability (hypotension, arrhythmias, myocardial infarction)
e impaired mental status, somnolence, inability to cooperate
e copious and/or viscous secretions with high aspiration risk
e recent facial or gastro-oesophageal surgery
e craniofacial trauma and/or fixed nasopharyngeal abnormality
e burns

e extreme obesity.

16.5.3. Complications

Complications of NPPV include the following:
e facial skin erythema
e nasal congestion

e nasal bridge ulceration
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e sinus/ear pain

e nasal/oral dryness

e cye irritation

e gastric irritation

e aspiration pneumonia

e poor control of secretions.

16.5.4. Outcomes

NPPV can be considered successful when:
e arterial blood gases and pH improve
e dyspnoea is relieved
e the acute episode resolves without the need of endotracheal intubation
e mechanical ventilation can be discontinued

e the patient is discharged from the hospital.

One-year mortality was reported to be lower in patients receiving NPPV for exacerbations of
COPD, compared to both optimal medical therapy alone [19] and conventional mechanical

ventilation [18].

Factors associated with success of NPPV include:
e younger age
e ability to cooperate
e Jower acuity of illness
e experienced team of caregivers

e availability of resources (monitoring).
NPPV fails when the patient either needs intubation or dies because intubation is not

performed (i.e. for ethical reasons (e.g. patient’s consent, oldest age, terminal condition) or

because it is not available).
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16.6. Invasive ventilation

Intubation should be considered in patients with the following.

NPPV failure: worsening of arterial blood gases and or pH in 1-2 h; lack of
improvement in arterial blood gases and or pH after 4 h.

Severe acidosis (pH <7.25) and hypercapnia (Pa,CO; >8 kPa (60 mmHg)).
Life-threatening hypoxaemia (arterial oxygen tension/inspiratory oxygen fraction <26.6
kPa (200 mmHg)).

Tachypnoea >35 breaths-min™.

Other complications: metabolic abnormalities, sepsis, pneumonia, pulmonary

embolism, barotrauma, massive pleural effusion [17].

NPPV should be considered as the first-line intervention, in addition to optimal mechanical

therapy, for the management of patients with respiratory failure due to exacerbation of COPD

[4]. In the first few hours NPPV requires the same level of assistance as conventional

mechanical ventilation [20].

A recent study has clearly stated that NPPV is highly cost effective [21]. In patients who need

intubation, NPPV can be considered as a potential successful strategy for weaning [22]. It can

also be considered in patients with previous persistent weaning failure [23].

Figure 2 illustrates a possible “flow-chart” for the use of NPPV in exacerbation of COPD

complicated by acute respiratory failure.
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Exacerbation of COPD
Requiring Ventilatory Support

Contraindication
For NPPV?

yes no _lr

Intubate NPPV with
MV monitoring
4
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Improvement
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Clinical status
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v

Continue
NFPV

Intubate
MV x 48 hrs

| 2hr T-tube trial |

1— success J— fail —1
[ Discontinue MV ]

Wean to complete
disconnection

Fig. 2. - Flow-chart for the use of noninvasive positive pressure ventilation (NPPV) during exacerbation
of chronic obstructive pulmonary disease (COPD) complicated by acute respiratory failure. MV:
mechanical ventilation; Pa,CO,: arterial carbon dioxide tension.
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16.7. Chronic ‘“home’ NPPV

This is still a matter of controversy and no definitive conclusion can be presented [24, 25].
Chronic NPPV should not be systematically prescribed in COPD patients with chronic
ventilatory failure, although it could produce some benefits in selected patients whose
characteristics are not yet clearly defined [26]. Some patients with end-stage COPD undergo

tracheostomy and become chronically ventilator-dependent patients [27].
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17.

Ethical and palliative care issues

17.1. Key points

Patients with chronic obstructive pulmonary disease (COPD) experience acute
exacerbations of their disease, which may produce respiratory failure and a possible
need for either ventilatory support or accepting death.

No clinical features can identify patients with respiratory failure who will experience
more burden than benefit from life supportive care.

Healthcare providers should assist patients during stable periods of health to think
about their advance care planning by initiating discussions about end-of-life care.

These discussions should prepare patients with advanced COPD for a life-threatening
exacerbation of their chronic disease while assisting them to go on living and enjoying
life.

End-of-life discussions and advance care planning assist decisions regarding life-
supportive care at the end of life by providing information on probable outcomes and
the existence of palliative interventions, such as dyspnoea management and terminal
sedation.

Patients who choose to refuse life supportive care or have it withdrawn require expert
delivery of palliative care.

Physicians and healthcare systems face challenges to ensure that their patients’ end-of-
life wishes and advance care plans made in one clinical setting will be known and

honoured during subsequent care, whether at home, in a hospital or in a nursing facility.

17.2. Background

Patients with COPD benefit from advance care planning because they experience acute

exacerbations of their disease, which present risks of prolonged mechanical ventilation and

death, and require stand-by decisions as to how to proceed. Advanced care planning derives

from the principle of patient autonomy, wherein patients shape their healthcare decisions to

match their values and preferences. In addition, advance care planning allows care providers to

substitute better plans for those that would automatically happen in the absence of clear
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directions. Patients with COPD desire assistance with advance care planning, which is a

responsibility of their caregivers.

Unfortunately, most patients with advanced COPD have not discussed their end-of-life wishes
with their physicians or other caregivers. Only 19% of patients with advanced lung disease
enrolled in pulmonary rehabilitation programmes have discussed, with their physicians, the
appropriateness of life supportive care relative to their lung condition. In addition, only 15% of
patients have discussed, with their physicians, the nature of intubation and mechanical
ventilation and <15% of patients with advanced lung disease have confidence that their

physicians understand their end-of-life wishes [1].

Formal, written documents, such as living wills and durable powers of healthcare, have not
fulfilled their goals to improve end-of-life care, in part because they are too general and often
too legalistic. Comprehensive advance care planning depends on a holistic approach to patient
care tailored to individual needs. Patients need education on the nature of and likely outcome
from life supportive interventions and the availability of palliative care to make valid end-of-

life decisions.

Patients with advanced COPD suffering from disabling symptoms benefit from integrating
palliative care into routine care, especially to relieve dyspnoea and to address emotional and
spiritual issues. Patients dying from conditions other than COPD (such as lung cancer) also
benefit from palliative services directed towards the relief of respiratory symptoms originating

from coexisting COPD.

17.3. Ethical dilemmas related to COPD

Patients with moderate-to-severe airflow obstruction experience frequent acute exacerbations,

each of which can cause respiratory failure and a possible need for ventilatory support [2].
Hospitalisation for acute respiratory failure identifies a subgroup of COPD patients with a

guarded long-term prognosis. Among such patients, 89% survive to hospital discharge [3].

However, survival to discharge decreases to 76% if intubation with mechanical ventilation is
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required [4]. Only 59% of such patients are still alive 1 yr after hospital discharge and the

quality of life after discharge is frequently poor because of unremitting respiratory symptoms

[S].

This guarded prognosis presents ethical dilemmas, because the patients may not benefit from
intubation and mechanical ventilation if they have far-advanced disease, and they may have a
poor baseline quality of life and a low possibility of being weaned from ventilatory support.
Thus, withdrawal of life supportive care may be considered for ventilator-dependent patients

who have failed to improve despite aggressive respiratory care.

Unfortunately, no clinical factors at the time of hospital admission accurately identify patients
who will fail to benefit from life supportive care [2]. In the absence of accurate predictors of
clinical outcome, caregivers must recognise and address the ethical dilemmas that arise in
caring for patients with advanced COPD. In the end, patients and caregivers need to consider

the likely benefit and burden in deciding to initiate life supportive care.

17.4. Factors that guide end-of-life planning

If the patient has, or can have, clear preferences about treatment, respect for the patient
requires that care providers give effect to the patient’s views. Autonomy of the patient is the
predominant ethical principle that drives end-of-life decision-making in many societies. Most
patients with advanced COPD want to make their own decisions regarding life supportive care
[1]. Many, but not all, patients wish to retain control of these decisions, if they lose decision-
making capacity, through their surrogate decision-makers or through their written advance

directives [6].

To make informed decisions, patients need knowledge of the nature of alternative therapeutic
decisions and their probable outcomes. Patients with severe lung disease often alter their
willingness to accept life supportive care when informed of a low likelihood of survival or the
likelihood that recovery will entail an unacceptable functional status. Discussions with their

physicians and other healthcare providers about possible future advanced life supportive care
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interventions are needed during stable periods of health, before these interventions have taken
place. Decisions about life-supportive care are aided by explaining time-limited trials of
treatment, which allow medical treatments for a predetermined time, after which they can be

withdrawn if the potential benefits do not occur.

Patients with COPD should be asked what they understand about how the disease will affect
them over time and whether they wish to discuss their advance care planning. Most patients
with advanced lung disease desire advance care planning discussions with their physicians,
while a small minority (<5%) do not [1]. Most patients with chronic health conditions believe
these discussions will decrease their anxiety and depression [1, 6, 7]. Patients who initially
refuse these discussions may become more receptive to talking about advance care planning

after they receive general information regarding the nature of their disease [8].

All caregivers should assess patients’ needs for advance care planning. The caregiver most
closely involved with the patient’s care should initiate advance care planning discussions,
which has been termed “captaincy” [9]. Caregivers should become informed about end-of-life
planning and palliative care. Patients accept nonphysician rehabilitation caregivers as

acceptable sources of information on advance care planning [1].

Pulmonary rehabilitation provides an important opportunity to assist advance care planning for
patients with moderate-to-severe COPD. Educational programmes on advance care planning
within pulmonary rehabilitation increase the adoption rate for instruments of advance care
planning and patient-physician discussion about end-of-life care [10]. Most pulmonary
rehabilitation programme directors (70%) consider end-of-life education as an appropriate

component of their curriculum [11].

To date, most interventions to encourage caregivers to initiate end-of-life planning discussions
with their patients, such as hospital policies, case manager facilitators, computer prompts to
electronic medical records or physician education, have had only marginal benefit [12-23].

Greater research is needed to understand the barriers that limit the occurrence of these
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discussions betweens patients and their physicians and other caregivers. Recent reports propose
strategies for improving implementation of advance care planning in hospital settings [24].
These strategies include defining, as sentinel events and medical errors, the absence of advance
care plans or the miscommunication of patients’ advance care decisions, structuring healthcare
system reimbursement for hospitalisation to reward advance care planning and system-wide

performance improvement efforts.

17.5. Modern paradigm of advance care planning

Advance care planning has historically focused on the completion of formal written
instruments, such as living wills and durable powers of attorney for healthcare, which focus on
the acceptability of various life-supportive interventions. Written directives, however, face
major barriers in implementation and have not achieved their goals of promoting patient

autonomy.

The utility of advance directives may be improved if they are tailored to a specific patient’s
underlying condition and clinical events that they will most likely experience [25, 26].
Caregivers should recognise that most patients want their physicians and surrogates to overrule
their written advance directives if unique clinical circumstances occur [27]. Written advance
directives should be considered general statements regarding treatment preferences rather than
specific and unalterable instructions. Of course, in some jurisdictions, some decisions should
be given clearly because they will be implemented in almost all circumstances. Practitioners

will need to know their local laws on consent and substitute decision-making.

Physicians often consider advance directives as operational tools to determine which life-
sustaining interventions should be applied in various clinical circumstances, whereas patients
focus on preparing for death, achieving a sense of control over their lives, and fortifying
personal relationships with friends and families. Patient goals, therefore, are less operational

and more oriented toward their psychological, emotional and spiritual needs.

Limitations of written advance directives prompt medical professionals to adopt a broader

approach to advance care planning that incorporates the patient’s perspective [28]. The

202 of 222



203 of 222

emphasis of discussions on end-of-life care may shift from patient-physician discussions on the
use of life-supportive interventions to patient-family-friend communication. This
communication has the purpose of strengthening relationships and sharing decisions regarding

life supportive care through mutual support.

Physicians, with their patient’s permission, can promote a dialogue for advance care planning
by involving families and encouraging discussions within families regarding the end-of-life
decisions that patients may eventually face [29]. Caregivers can enrich these discussions by
providing educational materials and resources for the patient that enhance informed decisions.
Emphasis shifts from the completion of written advance directives towards an ongoing
dialogue between patients, caregivers and their families. The topics to discuss should include
the prognosis of the condition, likely outcomes of various treatment interventions, the values
and goals that patients would wish to have fulfilled, likely outcomes of life-supportive care,
and palliative care resources that can prevent pain and suffering at the end of life [28]. Lay-
oriented guides that provide pragmatic tips for advance care planning prepare patients for these

discussions [30, 31].

Goals of advance care planning focus on assisting patients to recognise the possibility that a
life-threatening exacerbation may occur suddenly, but also helping them to go on living and
continue enjoying life. Patients with severe disease gain solace in learning about palliative
interventions, such as terminal sedation, which will protect them from experiencing discomfort
at the end of life. Patients also require reassurance that their methods of documenting their
wishes will allow their decisions to be known during a later hospitalisation. Resources exist to
assist clinicians in advance care planning discussions with their patients and improving their

processes of end-of-life care [32, 33].

17.6. Palliative care at the end of life

Patients with chronically progressive COPD who reach the terminal stage of their disease
frequently develop disabling symptoms of cough, dyspnoea, anxiety and depression [34]. Such
patients require clinicians with expertise in palliative care [35] and interventions that relieve

intractable symptoms at the end of life [36].
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Effective palliative care focuses on the patient’s defined goals of care, amelioration of patient

and family distress, and assistance with the family’s bereavement after the patient’s death.

Patient-centered palliative care requires a careful assessment of the individual patient’s unique
needs as a “whole” person. Perceptions of suffering are highly individual and experienced in
widely varied ways [37]. This comprehensive assessment evaluates the patient’s “whole pain,”
which spans the physical, emotional, independence and autonomy, communication, economic

and spiritual domains [38, 39].

The physical domain represents a major source of suffering for patients with terminal lung
disease. Common difficulties relate to dyspnoea, cough and retained airway secretions. Patients
also need assessment for pain, loss of appetite, incontinence, risk for decubitus ulcers, and
nausea or other gastrointestinal problems, such as constipation. Extreme fatigue and weakness

accompany worsening dyspnoea.

The emotional domain of symptoms includes sadness and grief experienced by patients who
progress with worsening dyspnoea and increasing dependency on family or other caregivers.
Depression and delirium often combined with generalised anxiety commonly occur at the

terminal stages of COPD.

The domains of independence and autonomy relate to the patient’s need, at the end of life, to
retain a sense of control over one’s life and disease. Patients voice a desire to be heard as a
person and to participate in decisions about medical care, activities of daily living and family

events. Patients hope to retain their sense of dignity and personhood.

The domain of communication reflects patients’ needs to communicate with friends and
family, to create a sense of closure to life affairs. Patients may wish to speak to someone who
has been distant for years to resolve old conflicts or re-establish past friendships. Patients also
reflect on how they would wish to be remembered. Having friends and family near to listen

becomes important to patients who wish to have someone listen to their hopes, fears, plans and
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goodbyes.

The economic domain identifies lingering concerns patients retain about financial burdens that
might be left to their family. Patients, as a part of life closure and the need to contribute to their

love ones, wish to complete their financial affairs and care for those left behind.

The spiritual domain transcends a patient’s physical suffering and relates to fulfilment of
spiritual needs and hopes for the future. Many patients wish to talk about the past burdens and
blessings of their life and to tap the meaning they attach to their lives, accomplishments and

suffering.

At the end of life, patients need reassurance that their caregivers will stay involved and will not
abandon them [40]. Patients with COPD who die in the intensive care unit (ICU) during an
acute hospitalisation have special needs [41]. Patient surrogates and family members of
patients dying in the ICU rank pain control, availability of family at the bedside and efforts to
address breathlessness as the most important factors that promote a peaceful and satisfying

death experience [42].

17.7. Hospice service

Patients with COPD sometimes qualify for formal hospice services, especially when they are
having repeated exacerbations and very poor measures on tests of pulmonary function.
Nevertheless, many patients will have a fatal exacerbation within a short time of having fairly
good function, so one cannot wait to consider using hospice until death is nearly certain.
Opportunities for hospice care are frequently neglected for patients coming to the end of life
with COPD [43, 44]. Hospice usually provides around-the-clock coverage, medications,
counselling, support to patient and family at home, and excellent symptom control (including
sedation at the end of life). These services should be made available to patients who could
derive great benefit from them. Neglect in offering patients and their families appropriate
resources for supportive end-of-life care results in unnecessary admissions to acute care

hospitals for worsening respiratory symptoms.
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Many episodes of worsening breathlessness in patients coming to the end of life can be avoided
in a reliable care system with effective treatment (with assurance of terminal sedation if
warranted) and with comprehensive advance care planning. Many patients with terminal
COPD choose not to use ventilator support, or to use it only for a time-limited span, if they can

be sure of competent relief of terrifying breathlessness [33].
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18. Integrated disease management for primary care.

18.1. Key points

Integrated care for chronic obstructive pulmonary disease (COPD) involves the patient and

a team of clinical professionals cooperating with secondary care and rehabilitation services.

Optimal disease management involves redesigning standard medical care to integrate

rehabilitative elements into a system of patient self-management and regular exercise.

Case finding is a simple and effective means of enhancing the diagnosis of COPD in
primary care. Use of spirometry by primary care providers is recommended to detect

airways obstruction and facilitate smoking cessation.

A diagnosis of COPD is confirmed by spirometry, which can be performed in a primary

care setting if personnel are specifically trained and quality assurance is maintained.

COPD is often accompanied by deconditioning, comorbid illnesses and symptoms of
depression. Even in patients with mild disease, health status can be substantially
compromised.

The majority of COPD exacerbations are managed at home by the patient or the primary

care team. Approximately 50% of exacerbations are not reported to clinicians.

Patients with COPD should be made more aware of the symptoms of an exacerbation and
be encouraged to report these early to clinicians. Conversely, physicians should make use
of the experience of the individual patient and ask for early signs of an exacerbation.

In most cases, short courses of oral corticosteroids should be initiated at first signs of an
exacerbation.

Most of the professional care provided to patients reaching end of life is given by primary
care teams.

A disease management flow diagram for integrated care of COPD is introduced.
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18.2. Background

Disease management can be regarded as an integrated and systematic approach in which
healthcare providers work together in a coordinated and cooperative manner to produce an

optimal outcome for a particular patient with COPD throughout the entire continuum of care

[1].

COPD is a progressive chronic disease with an increasing prevalence [2] (see Definition,
diagnosis and staging). In recent years, the most substantial increase in prevalence has been in
females, who now surpass the number of males dying of the disease in the USA [3] (see

Epidemiology, risk factors and natural history).

Integrated care for COPD involves the patient and a team of clinical professionals working in

primary care, cooperating with secondary and rehabilitation services.

In this section an integrated care flow diagram for the disease management of COPD will be

introduced (fig. 1).
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Clinical Presentation
[ At Risk ] [Symptomatic] [Exacerbatioﬁs} {
Interventions
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( Other Options )

Disease Progression

Fig. 1 Optimal disease management entails redesigning standard medical care to integrate rehabilitative elements
into a system of patient self-management and regular exercise 17].

213 of 222



214 of 222

18.3. Prevention

Cigarette smoking is by far the most important risk factor for COPD in the Western world (see

Management of stable COPD: smoking).

Patients with COPD need to be vaccinated against influenza annually. Pneumoccocal
vaccination is recommended according to national guidelines (see Management of stable

COPD: pharmacological therapy).

Use of office spirometry by primary care providers is recommended to detect airways

obstruction and facilitate smoking cessation [4].

18.4. Diagnosis

A diagnosis of COPD is confirmed by spirometry, which can be performed in a primary care

setting if personnel are specifically trained and quality assurance is maintained [5, 6].

Case-finding is a simple and effective means of enhancing the diagnosis of COPD in primary
care. Preselecting smoking patients on the basis of chronic cough and age >60 years increases

the chance of finding airways obstruction from 18 to 48% [7].

In primary care there is a need to consider a diagnosis of COPD in smokers currently

diagnosed and treated as having respiratory tract infections or asthma.

When diagnostic problems arise, or the quality of measurements cannot be assured, patients
should be referred to specialised diagnostic centres in hospitals or clinics (see Clinical

assessment, testing and differential diagnosis).
18.5. Management of stable disease

Every patient should have access to a smoking cessation programme. Cessation of smoking is

the only proven way to slow the decline in lung function [8]. COPD patients who receive
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repeated counselling and spirometry stop smoking more easily than smoking controls without

COPD (40 versus 22%) after 3 yrs follow-up [9] (see Management of stable COPD: smoking).

Bronchodilators provide symptom relief and, combined with inhaled corticosteroids, may
reduce the frequency and severity of exacerbations in severe COPD. Neither bronchodilators,
nor inhaled corticosteroids have any effect on lung function decline [10] (see Management of
stable COPD: pharmacological therapy). The inhalation technique should be regularly checked
since many patients need feedback on how to use devices effectively. Especially in patients

with severe COPD, the use of spacer devices should be reinforced (see Patients: medication).

It is important to recognise that even in patients with mild disease, health status can be
substantially compromised [11]. There is evidence that directing patients to engage in
relatively simple programmes of physical activity can improve exercise tolerance in mild-to-

moderate COPD [12].

Comorbidity is a frequent problem in COPD. Other illnesses, such as bronchiectasis, lung
cancer, heart failure, osteoporosis and malnutrition are frequent in patients with COPD.
Depressive symptoms are also common, especially in patients with severe disease, who are at a
2.5-times greater risk [13]. It is important to search for symptoms of depression and treat

appropriately.

COPD is often accompanied by deconditioning and a low level of social activity. Pulmonary
rehabilitation improves exercise capacity, relieves dyspnoea and fatigue, reduces length of stay
in hospital, and enhances patients’ sense of control over their condition [14-16] (see
Management of stable COPD: pulmonary rehabilitation). Currently, rehabilitation is available
to a small percentage of those who could benefit. Optimal disease management entails
redesigning standard medical care to integrate rehabilitative elements into a system of patient

self-management and regular exercise [17] (fig. 1).

Long-term oxygen therapy (>15 h-day™) for patients with chronic hypoxaemia has been shown

to prolong life [18] (see Management of stable COPD: long-term oxygen therapy).
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18.6. Management of exacerbations

The majority of exacerbations are handled at home by the patient or the primary care team,
with ~50% of exacerbations unreported to clinicians [19]. Moderate-to-severe COPD patients
with frequent exacerbations have a faster decline in lung function and are more often admitted

to hospital with longer lengths of stay [20].

Symptoms and not lung function worsen significantly before an exacerbation, with dyspnoea or
colds characterising the more severe (see Exacerbation: definition evaluation and treatment).
Therefore, patients with COPD should be made more aware of the symptoms of an
exacerbation and encouraged to report these early to clinicians [21]. Conversely, physicians
should make use of the experience of the individual patient and ask for early signs of an

exacerbation and initiate a plan of care.

Since oral steroids seem especially useful for the first 72 h [22], these should be initiated at
first signs of an exacerbation. If corticosteroids are initiated, short courses [23] are
recommended (fig. 1). Antibiotics may be initiated in patients with altered sputum
characteristics, but level I patients with increased quantities of nonpurulent sputum improve

without antibiotic therapy [24] (see Exacerbation sections).

Programmes that include social and medical support for early planned discharge may reduce
hospital stay and do not result in an increased readmission rate [25-27]. Patients are more
likely to prefer domiciliary care over inpatient care [28], leading to greater patient satisfaction

[29].

Planned monitoring of the patient after discharge is an integral component to the rehabilitation
approach and promotes the ability of the patient and family to move toward self-management

[30].
It is important that long-term care for chronic relapsing diseases be delivered by a team of
professionals with the “expert patient” at the centre; such an approach is likely to maintain the

patient’s quality of life [31].
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18.7. Referral indications

Referral to specialist care generally has the purpose to confirm diagnosis, perform additional

investigations, optimise and initiate treatment, or exclude other illnesses. This is indicated for

COPD patients with:

disease onset at age <40 yrs

frequent exacerbations (two or more per year) despite adequate treatment
rapidly progressive course of disease (decline in forced expiratory volume in
one second (FEV1), progressive dyspnoea, decreased exercise tolerance,
unintentional weight loss)

severe COPD (FEV1 <50% predicted) despite optimal treatment

need for oxygen therapy (see Management of stable COPD: long-term oxygen
therapy)

onset of comorbid illness (osteoporosis, heart failure, bronchiectasis, lung
cancer)

possible indication for surgery (see Management of stable COPD: surgery in

and for COPD).

18.8. Follow-up/monitoring

Patients with COPD need to be followed and actively managed. The frequency and intensity of

follow-up depend on the individual patient’s disease status and course, as well as the local

healthcare system. Tasks of all professionals caring for COPD patients should be clear [32] in

order to reach local agreement on the organisation of:

217 of 222

symptoms registration, signs of comorbidity, health status, exercise tolerance,
nutritional condition and lung function data

a call/recall system that generates appointments for education, inhalation
technique check, vaccinations

regular multidisciplinary meetings of healthcare professionals aimed at difficult

cases.
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18.9. End-stage disease management

Patients with end-stage COPD have physical and psychosocial needs at least as severe as lung
cancer patients [33]. But their significantly impaired quality of life and emotional well-being

may not be met as well as those of patients with lung cancer [34].

Patients with severe COPD are often disabled longer by their disease than those with lung

cancer, yet COPD patients have a mortality rate comparable to that of many cancers [35].

In practice, it seems difficult to recognise when chronic care becomes palliative care [36].
Uncertainty among primary care physicians as to how patients view the discussion of prognosis

and inadequate preparation may pose potential barriers [37].

Most of the professional care received by people reaching the end of life is provided by
primary care teams. Further training to incorporate the principles of palliative care explicitly

into the planning and provision of care is essential [38].

Discussions about the end of life should take place when the patient is stable. Enquires should
be made about their preference for end-of-life support, including ventilatory support (see

Ethical and palliative care issues).
The task is complex, requiring long-term surveillance of patients who are likely to become

housebound. Respiratory nurse specialists can play an important role in coordinating care of

COPD at the end of life [39].
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