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Chapter 1

Introduction

Welcome to a revised guide for use in the management of patients with 
chronic obstructive pulmonary disease (COPD). We have attempted to 
take a fresh approach to this disease, with the aim of concentrating on 
the numerous effects that COPD can have on a patient. 

An understanding of the pathological processes involved in the aeti-
ology of COPD underpins effective disease management. In particular, 
given the disease's wide heterogeneity, a better understanding of the 
innate and adaptive processes underpinning the complex small airway 
inflammation will lead to more effective therapies. This knowledge must 
be applied appropriately, with ‘tailored’ treatment fitted to individual 
patients and their disease.

The history of COPD
The terms ‘chronic bronchitis’ and ‘emphysema’ were formally defined 
at a CIBA (Gesellschaft für Chemische Industrie Basel) guest symposium 
of physicians in 1959, and it is believed that the term COPD was first 
mentioned by William Briscoe in discussion at the 9th Aspen Emphysema 
Conference in 1965. This has gradually overtaken other terms to become 
established today as the preferred name for the disease. Nevertheless, 
it is important to realise that, in reality, COPD is an ‘umbrella term’ and 
describes a heterogeneous group of diseases with similar manifesta-
tions, including overlapping disease processes such as chronic bronchitis, 
emphysema, asthma, bronchiectasis and bronchiolitis.

Bonet, with his description of ‘voluminous lungs’ in 1679, is often 
credited with the first accurate description of emphysema, and Ruysh 
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(1721) with the first accurate illustration of enlarged air spaces. However, 
it is also worth bearing in mind that the Greek term aazein or ‘sharp 
breath’ is first described in Homer’s Iliad around 2000 years earlier. The 
Chinese have probably used ephedrine to treat airway obstruction for just 
as long, and both Hippocrates (460–357 BC) and Galen (201–130 BC) 
established that asthma (and quite possibly COPD) is caused by bronchial 
obstruction. Rene Laennec, in his book Treatise of Diseases of the Chest 
(1821), described lungs that did not collapse at autopsy and theorised 
that this air trapping occurred because of greater inspiratory forces 
overcoming weaker expiratory ones. It was an eloquent concept that was 
subsequently disproved, as we now know that the respiratory system 
can develop much greater expiratory than inspiratory forces. Einthoven 
correctly postulated the hallmark expiratory flow resistance in COPD as 
early as 1892, but it was Dayman in 1951 who was the first to measure 
this increase in expiratory resistance, ie, give an accurate physiological 
explanation of dynamic expiratory airflow collapse. The more recent 
work of James Hogg has further advanced our understanding of the role 
that small airways play in the pathogenesis of the disease [1,2]. 

What are the goals of therapy in COPD? 
Achieving defined outcomes in COPD disease management is a challenging 
problem. Lung function in relatively young smokers can improve signifi-
cantly after smoking cessation, but restoring lung function back to normal 
is not usually an option. Stepwise treatment algorithms exist for COPD 
as they do for asthma, but smoking cessation is the only proven effective 
disease-modifying intervention (Figure 1.1) [3]. However, smoking is 
not the only causal mechanism; the World Health Organisation (WHO) 
estimates that nearly 25% of global COPD burden is caused by the use 
of indoor biomass fuels in developing countries. 

Unlike treatment for asthma, treatment for COPD is often without 
immediate clinical benefit and can seem relatively unrewarding for prac-
titioners. Thus, therapy goals should be realistic. We now understand that 
evaluating the effects of new therapies in COPD can take many months, 
and more emphasis may be placed on outcome measures such as quality 
of life (QOL) and exacerbation rates/severity than more traditional 
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spirometric measures. Unfortunately, patients generally present late in 
the course of their disease, when they are often quite debilitated and 
less can be done to affect long-term outcome. 

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
has produced guidelines for the management of COPD [4]. The aims of 
therapy wherever possible are to: 
•	 prevent disease progression; 
•	 relieve symptoms; 
•	 improve exercise tolerance; 
•	 improve health status; 
•	 prevent and treat exacerbations; and
•	 reduce mortality.

The Food and Drug Administration (FDA) has also introduced its own 
‘wish lists’ for outcome measures in COPD, including acute exacerba-
tions of chronic bronchitis [5,6]. By concentrating on these goals with 
a consistent and realistic approach, even the most disabled patients are 
capable of remarkable improvements in QOL. 

Effects of sustained smoking cessation on FEV1

Figure 1.1 Effects of sustained smoking cessation on FEV1. Mean post-bronchodilator forced 
expiratory volume at 1 s (FEV1) for participants in the smoking intervention and placebo group 
who were sustained quitters and continuing smokers. The two curves diverge sharply after 
baseline. Reproduced with permission from AMA [3].
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What is achievable in primary care? 
COPD is a very common condition. In any population where cigarette 
smoking is prevalent, COPD will be present. According to global WHO 
estimates, 80 million people have moderate to severe COPD and in 2005 
3 million people died of COPD. The WHO predicts that COPD will become 
the third leading cause of death worldwide by 2020. The disease is chronic 
and progressive and results in multiple and sometimes protracted interac-
tions with many different healthcare agencies. Throughout the course of 
the disease, the patient will usually see a primary care physician at the 
outset, providing the first opportunity for intervention. The new patient-
focused UK General Practitioners (GP) General Medical Services contract 
has encouraged, through direct disease-focused financial incentives 
(QOF points), a more proactive approach of ‘grass roots’ COPD disease 
management, primarily through educating patients at an early stage. 

In the UK, the recently published National Strategy for COPD and 
Asthma  will drive, via healthcare commission, improvements in COPD 
management in primary and secondary care. Primary care providers 
will be commissioned to screen patients for COPD, perform effective 
case finding and have quality assured spirometry available to make the 
correct diagnosis [7].

Can COPD be managed successfully in primary care? 
Patients with COPD will spend the vast majority of their time being cared 
for in the community. The majority of care can be given in this setting; 
however, there will be times when secondary care facilities and expertise 
will be required. A small proportion of patients with COPD provide the 
greatest healthcare burden [8], and it is this group that is often caught 
up in a ‘secondary care carousel’, with multiple severe exacerbations and 
protracted admissions, often complicated by other comorbidities. It is 
hoped that future therapies will be directed at breaking this inflamma-
tory cycle, ie, those with a ‘frequent exacerbator’ phenotype. However, 
the majority of patients can be diagnosed and managed successfully in 
the community without recourse to hospital-based care. COPD does not 
often require high-technology, expensive investigations or interventions. 
The diagnosis is relatively straightforward and drug-based management 
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options are now simple. Preventative therapy (eg, smoking cessation) 
is usually effective when based in primary care, and with the advent of 
disease registers, it is feasible to screen asymptomatic smokers who may 
have preclinical disease. It is also hoped that ‘real time’ patient-reported 
outcomes may guide practitioners in identifying disease ‘flares’, similar 
to the SMART™ (single maintenance and reliever therapy) approach 
in asthma.

As the disease progresses, pulmonary rehabilitation programmes 
can be effectively managed in a community setting; several studies have 
now shown that acute exacerbations of COPD can be safely and success-
fully maintained in the patient’s own home [9,10]. In addition, general 
community-based medical practitioners and nurses have the skills to 
manage COPD and are better placed than secondary care providers to 
integrate care in a multidisciplinary manner. 

A more positive attitude to COPD 
Healthcare professionals can sometimes project negative and nihilistic 
attitudes about COPD. When these feelings are communicated to patients, 
either consciously or subconsciously, the patients in turn often feel guilty 
about smoking and that they have caused their own disease. This attitude 
must be countered and rejected at every opportunity. 

Winston Churchill said “Now this is not the end. It is not even the 
beginning of the end. But it is, perhaps, the end of the beginning” [11]. We 
feel this is an apt quotation to use about the state of knowledge of this 
terrible disease. Never before has so much attention been focused on 
this problem, raising the profile of COPD. At every level, from the gov-
ernment to pharmaceutical companies, the degree of interest in COPD 
has increased, while new drug development is continuing apace. The 
WHO- and European Union (EU)-backed anti-smoking legislations are 
getting tighter, sending clear messages to smokers and raising the profile 
of COPD even further. Levels of research into COPD have never been 
greater and research output is increasing exponentially. These changes 
will eventually lead to improvements in care. Moreover, healthcare pro-
fessionals should be encouraged to review their attitudes and refocus 
their efforts for each individual patient. 
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The palliative care approach 
At the present time, COPD is not curable. Many patients with COPD, 
both smokers and nonsmokers, undergo an inexorable decline in health 
status, ultimately leading to death. Therefore, a major facet of the man-
agement of COPD is to acknowledge this fact with patients, help them 
to understand the disease process and assist them in and dealing with 
a terminal disease. This can be achieved by adopting a palliative care 
approach. It is very difficult to identify the terminal phase of COPD for 
many patients. Indeed, many patients with COPD have poorer QOL scores 
than those with terminal cancer [12]. Thus, it is even more important 
to prepare the patients and carers for this time. Treating patients as 
individuals and helping them to live with COPD until death is not easy. 
Addressing symptoms can be somewhat easier than dealing with more 
complicated psychosocial issues. However, all of these concerns must 
be taken into consideration, and a more holistic approach to care is very 
much encouraged. 
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Chapter 2

Epidemiology, risk factors  
and pathophysiology

Definitions 
The term ‘Chronic Obstructive Pulmonary Disease (COPD)’ is relatively 
new (see Chapter 1). However, it has now been widely accepted as the 
worldwide standard term for obstructive airway disease, usually (but 
not always) caused by tobacco smoke. The Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) guidelines define COPD as follows [1]: 

“Chronic Obstructive Pulmonary Disease (COPD), a common preventable 
and treatable disease, is characterized by persistent airflow limitation 
that is usually progressive and associated with an enhanced chronic 
inflammatory response in the airways and the lung to noxious parti-
cles or gases. Exacerbations and comorbidities contribute to the overall 
severity in individual patients.”

This definition provides a better understanding of a complex process by 
combining the natural history of the condition, the predominant physi-
ological abnormality and the pathological processes involved (Figure 2.1) 
[2]. COPD is an umbrella term and could be criticised as not being specific 
enough, as it can apply to other long-term respiratory conditions. It is 
hoped that, as advances in the understanding of the pathophysiologi-
cal heterogeneity of COPD (comprising elements of chronic bronchitis, 
emphysema and small airways disease [3]) are made, we will be able 

R. E. K. Russell et al., Managing COPD,
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to revise the definition of this disease to more accurately reflect the 
smoking-related condition that practitioners treat. 

The major COPD guidelines all have similar definitions of COPD 
and disease severity classifications (Table 2.1) [1,4,5]. It is worth noting 
that, although guidelines use lung function as the primary defining 
parameter in severity classification, only GOLD uses symptoms as well. 
It is likely that, as we understand more about COPD, new classifications 
will arise that not only rely on lung function but also take into account 
symptomatology, possible markers of airway inflammation and systemic 
features of the disease. 

Definition of COPD

Figure 2.1  Definition of COPD. FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity. Reproduced with permission from [2]. Copyright © 2004 Taylor & Francis Books UK.

‘COPD is a disease state characterised 
by airflow limitation 

that is not fully reversible

The airflow limitation is usually both 
progressive 

and associated with an 
abnormal inflammatory response 

of the lung to 
noxious particles or gases’

History
• productive cough
• dyspnoea
• cigarette smoking

Noxious particles and gases
• cigarette smoke
• coal dust
• pollution

Spirometry
• reduced FEV1

• FEV1/FVC <70%
• reversibility <15%
• fixed and progressive

Amplified inflammatory response
• macrophages, neutrophils, cd8+ t-cells
• fibrosis of airways
• destruction of parenchyma

FEV₁ predicted (%)
Severity GOLD ATS/ERS NICE

I: Mild ≥80 ≥80 ≥80

II: Moderate 50-80 50-80 50-79

III: Severe 30-50 30-50 30-49

IV: Very severe <30 <30 <30

Table 2.1  FEV1 predicted (%). Difference in severity scoring based on lung function. ATS, American 
Thoracic Society; ERS, European Respiratory Society; FEV1, forced expiratory volume in 1 second; 
GOLD, Global Initiative for Chronic Obstructive Lung Disease ; NICE, National Institute for Health and 
Clinical Excellence. Based on data from [1,4,5].
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Epidemiology 
The burden of COPD 
At present, the global burden of COPD is difficult to determine. Global 
estimates often rely on data from analyses within limited geographi-
cal and socioeconomic areas, predominately from the Western world. 
Moreover, COPD is still underdiagnosed even within the most efficient 
healthcare systems, thus underestimating the scale of the problem. The 
consumption of cigarettes continues unabated [6] and, where this is the 
case, COPD will inevitably follow. The BOLD (Burden Of Lung Disease) 
initiative used standardised questionnaires and spirometry to provide 
global prevalence figures and has found striking differences among 
countries [7,8]. 

Mortality
COPD currently ranks as the fifth most common cause of death world-
wide [9]. The World Health Organization (WHO) has estimated that 
by 2020 it will have increased to being the third, making this a global 
epidemic (Figure 2.2) [2]. 

COPD is the only common cause of death that has increased in the USA 
over the past 40 years. At present, COPD accounts for about 30,000 deaths 
per annum in the UK, which is twice the EU average, and now kills more 
women in the UK than breast cancer. 

Prevalence 
The prevalence of COPD is hard to estimate accurately. Approximately 
1% of the world’s population has COPD. Smokers in the USA have a 
prevalence of airway obstruction of 14%, which has been corroborated 
by other studies in the Western world [10], although this value may be 
higher with more accurate diagnosis using lung function and symptoms 
[11]. The BOLD study estimated the prevalence of COPD GOLD Stage I 
or greater to range from 11.4–26.1% [8].

Social costs 
Health economic studies of disease and disease interventions collect data 
on both the healthcare costs of a disease and the indirect costs, such as 
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loss of work and disability. Disability can be measured using disability-
adjusted life years (DALYs). This is a measure of time lost from both the 
disease and any significant disability associated with the disease, and 
is used to evaluate the effect of various interventions in terms of health-
related quality of life (QOL). In 1990, COPD was ranked twelfth of all 
global disease for DALYs lost, and it has been predicted that by 2020 it 
will move up to the fifth position (Figure 2.3) [12]. 

Most common causes of death worldwide, 1990–2020

Figure 2.2  Most common causes of death worldwide, 1990–2020. HIV, human immunodeficiency 
virus. Reproduced with permission from [2]. Copyright © 2004 Taylor & Francis Books UK.

Ischaemic heart disease 1 1

Cerebrovascular disease 2 2

Lower respiratory infection 3 3

Diarrhoeal disease 4 4

Perinatal disorder 5 5

Tuberculosis 7 7

COPD 66

Measles 8 8 Stomach cancer

Road traffic accidents 9 9 HIV

Lung cancer 10 10 Suicide

1990 2020 (Baseline scenario)
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Change in the rank order of COPD of all global diseases for DALYs lost, 
1990–2020 

Figure 2.3  Change in the rank order of COPD of all global diseases for DALYs lost, 1990–2020. 
Reproduced with permission from [12]. Copyright © 1998 Macmillan Publishers Ltd.

1990 Disease or injury 2020 Disease or injury

Lower respiratory infections 1

Diarrhoeal diseases 2

Conditions arising during  
the perinatal period 3

Unipolar major depression 4

Ischaemic heart disease 5

Cerebrovascular disease 6

Tuberculosis 7

Measles 8

Road traffic accidents 9

Congenital anomalies 10

Malaria 11

Chronic obstructive  
pulmonary disease 12

Falls 13

Iron-deficiency anaemia 14

Protein-energy malnutrition 15

1 Ischaemic heart disease

2 Unipolar major depression

3 Road traffic accidents

4 Cerebrovascular disease

6 Lower respiratory infections

7 Tuberculosis

8 War

9 Diarrhoeal diseases

10 HIV

 Conditions arising during  
11 the perinatal period

12 Violence

13 Congenital anomalies

14 Self-inflicted injuries

 Trachea, bronchus  
15 anda lung cancers

 Chronic obstructive  
5 pulmonary disease

 16

 33

 28

 19

 17

19

39

37

25

24
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Economic costs 
The prevalence of smoking is strongly linked to socioeconomic status 
[13]. Reducing the overall healthcare burden involves the effective use 
of both economic and noneconomic measures. Taxation is an obvious 
choice but could result in the rise of smuggling or black market opera-
tions and smokers switching from branded labels to hand-rolled tobacco, 
potentially leading to increased consumption and risk of unfiltered 
smoke exposure. Price increases encourage some people to stop smoking 
and prevent others from resuming the habit or even starting in the first 
place; adolescents are particularly ‘price sensitive’ [14]. Noneconomic 
measures include developing smoking cessation programmes, reducing 
tar emissions in existing products, countering early nicotine addiction 
by discouraging young people to smoke, blanket bans on advertising and 
promotion, and workplace smoking restrictions. 

Overall healthcare costs from COPD caused by cigarette smoking can 
be partially offset by government-raised taxes on tobacco, and in some 
instances this money can be earmarked for anti-smoking activities [15]. 
However, by stopping people from smoking, it is possible that healthcare 
costs may rise, as life expectancy will increase and correspondingly the 
need for state care. 

Many studies have examined the economic burden of COPD. Direct 
costs (in the years 2000–2004) were found to range from $876 per 
patient year in the Netherlands all the way to $10,812 per patient year 
for GOLD Stage III disease in the United States [9].

Risk factors 
A variety of risk factors for COPD have been identified (Table 2.2). Clearly, 
cigarette smoking is the most significant, but others include the effect 
of diet, early childhood disease and genetic factors. 

Smoking 
Cigarette smoking is the principal cause of COPD. It is responsible for 
more than 95% of all cases in the developed world and is increasing in 
parallel with the increase in COPD in developing countries. A smoking 
habit can be quantified by calculating the number of pack years a person 
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has smoked: 1 pack year = 20 cigarettes daily (1 pack) for 1 year. A sig-
nificant smoking load is usually around 20 pack years. However, some 
individuals will be extremely susceptible to the effects of smoking and 
will rapidly develop progressive disease with minimal tobacco intake. 
Exposure to passive smoke (environmental tobacco smoke) can be sig-
nificant in individuals who work in smoky atmospheres (ie, bar workers 
and entertainers). Ongoing legislation in the Western world to reduce 
passive smoke exposure will protect these people at work. A 2007 study 
showed that a no-smoking policy in bars in Dublin significantly improved 
lung function in bar workers [16]. 

Cannabis smoking 
Smoking cannabis can lead to a COPD-like disease with rapid progression 
and earlier onset. Often, cannabis is mixed with tobacco. Moreover, the 
inhalation of marijuana is greater than that of a cigarette, as the smoke 
remains in the lungs for a longer period of time, leading to increased 
pulmonary damage. Cannabis has also been shown to cause large apical 
bullous disease and increased airway inflammation. 

Risk factors for COPD
Host factors

Genetic (eg, α1 -antitrypsin deficiency)

Airway hyperresponsiveness: ‘Dutch response’

Atopy: mast cell coated with immunoglobulin E and allergen (eg, house dust mite)

Premature baby: small for dates, low birth weight, impaired lung growth

Diet deficient in antioxidant vitamins (A, C and E), fish oil and protein

Gender controversial

Environmental factors

Cigarette, pipe, cigar smoking: tobacco and cannabis

Car exhaust pollution

Industrial pollution: sulphur dioxide particulates <10 mm

Wood fire: biomass fuels

Mining: coal and silica cadmium fumes

Bacterial infection: Streptococcus or Haemophilus

Influenza virus, adenovirus and HIV

Table 2.2  Risk factors for COPD.
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Air pollution 
Air pollution through the use of biomass fuels leads to bronchitis, and 
exposure to biomass fuels in poorly ventilated homes is a common cause 
of COPD amongst women in developing countries [17]. Exposure to 
sulphur dioxide is also associated with chronic bronchitis. 

Genes 
In people with the genetic disorder α1-antitrypsin deficiency, a genetic 
deficiency of an anti-elastase protein combined with cigarette smoking 
leads to early and severe COPD. This is a rare cause of COPD (<1%) and 
no other major genetic factors have been identified. However, it is very 
likely that multiple genes determine a smoker’s susceptibility to develop-
ing COPD. Only a minority of smokers who develop COPD fall into this 
category (~15%), although there is a demonstrable familial tendency of 
the disease in patients who have early onset disease. Long-term genetic 
studies involving detailed pedigree data are being conducted. Previous 
studies suggest a multiple gene effect, with each gene itself playing only 
a small role. Although there are many reports of genetic association with 
COPD, few of these findings have been replicated in different populations 
[18]. Genes implicated include those encoding Serpin E2 [18], tumour 
necrosis factor-alpha (TNF-α) [19], microsomal epoxide hydrolase [20] and 
glutathione-S-transferase [21]. Hunninghake et al. [22] have postulated 
that matrix metalloproteinase (MMP)-12, secreted by macrophages in the 
air spaces and implicated in the development of emphysema, plays a role in 
determining lung function and susceptibility to COPD in high-risk groups.

Airway reactivity 
The ‘Dutch hypothesis’ proposes that an allergic mechanism is central to 
the development of COPD. Orie, in his famous paper of 1961 [23], stated 
that “bronchitis and asthma may be found in one patient at the same age 
but as a rule there is a fluent development from bronchitis in youth to a 
more asthmatic picture in adults, which in turn develops in bronchitis of 
elderly patients”. Of course, we now know that this was, in part, a mani-
festation of airway remodelling leading to fixed airflow obstruction. 
Subsequently, this has been supported by the finding of increased levels 
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of airway hyperresponsiveness in some patients with COPD, a risk factor 
which increases mortality [24] and could be related to increased airway 
neutrophilia. Could asthma and COPD be part of a spectrum of obstructive 
airway disease? There is some evidence to support this, although there 
are many more differences than similarities between the two diseases. 
However, there are strong arguments against this simple hypothesis, 
such as the fact that atopy is found in most people with asthma but is 
not associated with COPD [25]. 

Diet 
Childhood nutrition may play a role in the development of COPD later in 
life. Babies born with a low birth weight are at increased risk of devel-
oping COPD in adulthood. Dietary deficiency of antioxidants has also 
been proposed to increase the risk of COPD. This hypothesis is attractive 
for several reasons. There is good evidence that in COPD an oxidant/
antioxidant imbalance exists, which may increase tissue inflammation 
and damage. Antioxidants come (in part) from our diets, so a deficient 
diet might increase the risk of COPD. Diets rich in fish oil, fresh fruit and 
vegetables may reduce the risk of developing COPD [26]. 

Social inequality 
COPD is associated with poverty, and there is a much greater prevalence 
of COPD in lower socioeconomic groups, far more than one would expect 
even when accounting for smoking prevalence rates. Factors associated with 
poverty include poor diet, damp housing and more frequent chest infections. 

Pathology of COPD 
There are characteristic microscopic and macroscopic findings in COPD. 
When a susceptible individual is exposed consistently to tobacco smoke, 
changes occur in the airways that are caused by an inflammatory reaction 
(Figure 2.4) [2]. One could postulate that, given that the first contact 
cigarette smoke has is with the epithelial lining of the airways and alveoli, 
this drives a process which ultimately involves a variety of inflamma-
tory cell types, including neutrophils, lymphocytes, macrophages and 
eosinophils (Figure 2.5) [27]. As a result of aberrant reparative processes 
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and/or a direct consequence of unchecked oxidative load, lung damage 
occurs because these cells release proteolytic enzymes that destroy lung 
connective tissue [28]. This process continues over many years through 
chronic exposure to cigarette smoke. Damage accrues and becomes 
irreversible. The microscopic changes lead to larger macroscopic and 
physiological changes, resulting in disability. 

The clinical presentation of COPD manifests itself as a combination 
of three key pathological processes, all causing different symptoms 
(Figure 2.6) [2]: 
1. Chronic bronchitis, with large airway luminal neutrophilia, 

increased mucus secretion and reduced clearance secondary to 
destruction of the mucociliary escalator, together with recurrent 
viral and bacterial infection and colonisation. 

Changes to airways in reponse to exposure to tobacco smoke

Figure 2.4  Changes to airways in reponse to exposure to tobacco smoke. AD, alveolar duct; 
AS, alveolar sac; RB, respiratory bronchiole; TB terminal bronchiole. Reproduced with permission 
from [2]. Copyright © 2004 Taylor & Francis Books UK.
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2. Small airways disease, with raised numbers of luminal (CD68+) 
macrophages and interstitial monocytes/macrophages, and 
narrowing or stenoses of the bronchioles as a result of fibrosis. 

3. Emphysema, with irreversible loss of respiratory units (alveoli) 
resulting in lack of elastic recoil and reduced surface area for 
gas exchange. 
Although all three processes exist hand in hand, each may have a 

different pattern of disease with one type of damage being dominant. 
Changes also occur to the lung vasculature due to chronic hypoxia, 

ultimately leading to pulmonary hypertension. This causes ventilation–
perfusion inequalities, which exacerbate the breathlessness experienced 
by patients already breathing at high end-expiratory lung volumes 
approaching total lung capacity. 

COPD also causes systemic effects, and significant changes are seen 
throughout the body as a whole. These include, weight loss and skeletal 
muscle weakness, among others. The effects of wasting also increase 
breathlessness. 

Chronic bronchitis 
Chronic bronchitis is part of the clinical disease spectrum of COPD; 
however, many smokers have chronic bronchitis without airflow limita-
tion. It may contribute to the changes in physiology and symptoms seen 
in patients with COPD (Figure 2.7) [2]. 

Large airways are lined with pseudo-stratified ciliated columnar 
epithelia and mucus-producing goblet cells are found throughout these 
airways. Changes seen in chronic bronchitis include greater amounts 
of mucus, an increase in the size and number of goblet cells, and larger 
numbers of macrophages, T-lymphocytes and plasma cells. The submu-
cosal bronchial glands are also enlarged. The mucus hypersecretion that 
develops may also contribute to airflow obstruction and predispose the 
patient to lower respiratory tract infections. 

Chronic obstructive bronchiolitis 
Distal to the bronchi are the bronchioles, which are smaller conducting 
airways. Inflammation in these smaller airways is sometimes referred 



20 • managing copd

In
fl

am
m

at
or

y 
re

sp
on

se
s t

o 
in

ha
le

d 
ir

ri
ta

nt
s i

n 
CO

PD
 a

ir
w

ay
s

Im
m

un
os

up
pr

es
sa

nt
s 

CX
CR

3 
an

ta
go

ni
st

s
In

ha
le

d 
irr

ita
nt

s 
(e

g,
 c

ig
ar

et
te

 sm
ok

e)

N
eu

tr
op

hi
l

Fi
br

ob
la

st

CD
8+

 
ly

m
ph

oc
yt

e
A

lv
eo

la
r 

m
ac

ro
ph

ag
e

 
Ep

it
he

lia
l c

el
ls

Ch
em

ok
in

e-
, c

yt
ok

in
e-

 a
nd

 
ad

he
si

on
 m

ol
ec

ul
e-

di
re

ct
ed

 
th

er
ap

y:
 

• c
Xc

r2
 a

nd
 c

cr
2 

an
ta

go
ni

st
s 

• s
el

ec
tin

 a
nt

ag
on

is
ts

 
• i

nh
ib

iti
on

 o
f i

ca
m

1, 
cd

11
b 

• a
nt

i- 
tn

F-
α  

• i
l-

10
Pr

ot
ea

se
 in

hi
bi

to
rs

: 
• n

E 
in

hi
bi

to
rs

 
• c

at
he

ps
in

 in
hi

bi
to

rs
 

• m
m

p 
in

hi
bi

to
rs

 
• α

₁-a
nt

itr
yp

si
n 

• s
lp

i

M
uc

or
eg

ul
at

or
s:

 
• E

g
F 

re
ce

pt
or

 k
in

as
e 

 
in

hi
bi

to
rs

 
• c

ac
c 

in
hi

bi
to

rs

A
nt

i-f
ib

ro
tic

 th
er

ap
y:

 
• t

g
F-

β1
 in

hi
bi

to
rs

 
• F

g
F 

in
hi

bi
to

rs
 

• t
ry

pt
as

e 
an

d 
pa

r2
 in

hi
bi

to
rs

A
lv

eo
la

r r
ea

pi
r: 

• r
et

in
oi

ds
 

• h
ep

at
oc

yt
e 

gr
ow

th
 fa

ct
or

 
• s

te
m

 c
el

ls

M
uc

us
 

hy
pe

rs
ec

re
tio

n
O

bs
tr

uc
tiv

e 
br

on
ch

io
lit

is
Em

ph
ys

em
a

Co
nn

ec
tiv

e 
tis

su
e 

pr
ol

ife
ra

tio
n 

an
d 

fib
ro

si
s

Pr
ot

ea
se

s

In
hi

bi
to

rs
 o

f c
el

l s
ig

na
lli

ng
: 

• p
d

E4
 in

hi
bi

to
rs

 
• p

38
 m

a
pk

 in
hi

bi
to

rs
 

• n
F-

κB
 in

hi
bi

to
rs

 
• p

i3
k-

γ/
δ 

in
hi

bi
to

rs
 

• p
pa

r-
γ 

ag
on

is
ts

A
nt

io
xi

da
nt

s 
iN

O
S 

in
hi

bi
to

rs
LT

B₄
 in

hi
bi

to
rs

IL
-8

LT
B₄

O
₂·¯

O
₂·¯

IL
-8 TN

F-
α



E pi d E m i o lo g y, r i s k Fac to r s a n d pat h o ph ys i o lo g y • 21

to as chronic obstructive bronchiolitis and consists of cellular metaplasia 
and hyperplasia, increased intraluminal mucus, increased wall muscle 
and fibrosis. These changes ultimately lead to fixed airway narrowing. 
The presence of increased numbers of pigmented macrophages predates 
these lesions. Peribronchiolitis is characterised by increased numbers of 
CD8+ T-lymphocytes. The narrowing of small airways results in airway 
closure on expiration, resulting in air trapping and hyperinflation. 

(See opposite) Figure 2.5  Inflammatory responses to inhaled irritants in COPD airways. 
Cigarette smoke (and other irritants) activate macrophages in the respiratory tract that release 
neutrophil chemotactic factors, including interleukin-8 (IL-8) and leukotriene B4 (LTB4). These 
cells then release proteases that break down connective tissue in the lung parenchyma, resulting 
in emphysema, and also stimulate mucus hypersecretion. Cytotoxic T-cells (CD8+) may also be 
involved in alveolar wall destruction. This inflammatory process may be inhibited at several stages. 
CACC, calcium-activated chloride channel; CCR, chemokine (C-C motif ) receptor; CXCR, chemokine 
(C-X-C motif ) receptor; EGF, epidermal growth factor; FGF, fibroblast growth factor; iNOS, inducible 
nitric oxide synthase; ICAM, intercellular adhesion molecule; IKK, inhibitors of nuclear factor-kB 
kinase; IL, interleukin; MAPK, mitogen-activated protein kinase; MMP, matrix metalloproteinase; 
NE, neutrophil elastase; NF-kB, nuclear factor-kB; PAR, protease-activated receptor; PPAR, peroxisome 
proliferator-activated receptor; PDE, phosphodiesterase inhibitor; SLPI, secretory leukoprotease 
inhibitor; TGF, transforming growth factor; TNF, tumour necrosis factor. Adapted from [27].

COPD is a multicomponent disease

Chronic bronchitis 
Excess mucus from large airways 

Daily productive cough >3 months/year for >2 consecutive years 
Stage 1 COPD

Obstructive bronchiolitis 
Small airway obstruction with 

inflammation and fibrosis

Emphysema 
Destruction of alveolar walls 

Abnormal enlargement or airspaces 
Loss of lung elasticity 
Impaired gas transfer 
Airway obstruction

Figure 2.6  COPD is a multicomponent disease. Reproduced with permission from [2].  
Copyright © 2004 Taylor & Francis Books UK. 

COPD
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Differences between a normal bronchus and a bronchus in chronic 
bronchitis

Figure 2.7  Differences between a normal bronchus and a bronchus in chronic bronchitis. 
*Thickness of gland layer to thickness of epithelium and internal cartilage; a normal Reid index is 
<0.4. Reproduced with permission from [2]. Copyright © 2004 Taylor & Francis Books UK.
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Emphysema 
It is difficult to appreciate the surface area available for gas exchange 
in the normal lung using conventional pictures illustrating its gross 
anatomy. It is not a collection of tubes that slowly get smaller and then 
end abruptly in an alveolus. In reality, the lung is much more like a 
very finely pored sponge, containing approximately 300 million alveoli. 
The area within the lungs that is available for diffusion is 70 m2, about 
the same as a tennis court. Each section of lung tissue has a network 
of pulmonary arteries and veins intimately associated with it — the 
respiratory bronchiole. 

This normal structure is deformed in COPD, and emphysema occurs 
when the alveoli become enlarged and damaged with loss of elastic recoil. 
This in turn results in a loss of surface area for gas exchange and venti-
latory and perfusion mismatching. It is unclear how this process occurs, 
although the finding of large numbers of inflammatory cells in emphyse-
matous lungs suggests that the process is an abnormal response to injury. 
Preservation of the blood supply to terminal lung units is key and occlu-
sion of the terminal bronchioles precedes parenchymal dissolution (‘dis-
solving lung’). Increased stretch forces on existing lung are exacerbated 
by fracture of the accompanying elastic tissue, a vicious destructive cycle 
which could explain accelerated lung dissolution seen in some emphyse-
matous patients and backed up by the finding that following lung volume 
reduction surgery (where stretch forces are increased) lung destruction 
can actually accelerate. The predominant inflammatory cells are neutro-
phils, macrophages and T-lymphocytes. The macrophages and neutrophils 
may be responsible for the release of matrix-destroying enzymes such as 
neutrophil elastase and MMPs. Experimental animal models have been 
developed which demonstrate that the instillation and blocking of these 
enzymes can cause and prevent the production of emphysema, respectively. 

At a microscopic level, damage occurs as a consequence of the 
destruction of boundaries between areas of the lung and the associated 
breakdown of supportive connective tissue for lung units. This causes 
airway obstruction and premature airway collapse, which in turn leads 
to hyperinflation. The loss in respirable area results in diminished gas 
transfer and breathlessness. 
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Asthma and COPD 
Asthma and COPD are two very different diseases, although severe/
chronic asthma has some similarities to COPD. They also may co-exist, 
leading to a degree of diagnostic uncertainty at initial patient presenta-
tion. However, when one considers the definition and pathophysiology 
of asthma and COPD, the differences become clearer. 

Asthma is an airway disease where variable airflow obstruction is a 
key feature. Asthma often has environmental triggers — the presence of 
atopy and co-existent allergy is in keeping with a diagnosis of asthma 
rather than COPD. However, approximately 10% of patients with COPD 
may have a degree of significant reversibility. Many more demonstrate 
bronchial hyperesponsiveness, often used as an adjunct to diagnose 
asthma. Indeed, the severity of bronchial hyperresponsiveness is an 
independent predictor of improvement in FEV1 after smoking cessation. 
The key to differentiating this reversibility is an understanding of the 
magnitude of change of lung function. Reversibility in asthma may be 
from a low starting point but should approach normality. In contrast, 
in COPD there may be reversibility, but it will not approach normality. 

At a cellular level, the diseases are also very different. The major cells 
found in the lungs of patients with asthma are CD4+ T-lymphocytes and 
eosinophils. The inflammation in asthma can be triggered by allergens, 
which, through mast cells and dendritic cells in the lung epithelium, leads 
to the asthmatic inflammatory cascade. In COPD, the trigger is cigarette 
smoke, which irritates the airway epithelium and airway macrophages, 
causing a neutrophilic inflammatory response coordinated by macrophages 
and CD8+ T-lymphocytes with comparatively little mast cell activation. 

Asthma may begin early in life and persist or may wax and wane 
through childhood and adulthood. In contrast, COPD is a disease that 
has an insidious onset in adult life and is strongly related (at least in the 
developed world) to cigarette smoke. The breathlessness of asthma is 
variable and may change with trigger factors and treatment. In COPD, 
breathlessness is consistent and does not respond to therapy. Sputum 
production is a common feature of COPD but is uncommon in asthma, 
whereas the cough in asthma is often nocturnal and dry. Table 2.3 
summarises the main clinical differences [29]. 
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Physiology 
As already discussed, COPD is a umbrella term used to describe symp-
toms produced by several distinct pathologies. The two that contribute 
most to the physiological abnormality and that are best understood by 
the general public are chronic bronchitis and emphysema. Indeed, for 
individuals of a previous generation, the diagnosis of emphysema was 
thought to be more severe than lung cancer. Perhaps in some ways, 
they were correct. 

Historically, it was fashionable to distinguish between those with 
bronchitis predominantly and those with emphysema predominantly, 
known as ‘blue bloaters’ and ‘pink puffers’, respectively. The dominant 

Differences between COPD and asthma
COPD Asthma

Clinical

Smoker or ex-smoker Nearly all Same as general population

Symptoms under age 45 Uncommon Usual

Chronic productive cough Common Uncommon

Breathlessness Persistent and progressive Variable

Inflammatory

Inflammatory cells Neutrophils Eosinophils

Eosinophils (exacerbations) Neutrophils (severe asthma)

CD8+ T-cells +++ Mast cells

CD4+ cells + CD4+ T-cells

Macrophages +++ Macrophages +

Inflammatory mediators LTB4 LTD4, histamine

TNF-α IL-4, IL-5, IL13

IL-8, GRO-α Eotaxin

Oxidative stress +++ Oxidative stress +

Inflammatory effects Epithelial metaplasia Epithelial shedding

Fibrosis ++ Fibrosis +

Mucus secretion +++ Mucus secretion +

AHR ± AHR +++

Location Peripheral airways predominantly All airways

Parenchymal destruction No parenchymal effects

Response to corticosteroids ± +++

Table 2.3  Differences between COPD and asthma. AHR, airway hyperresponsiveness; GRO, 
growth-related oncogene; IL, interleukin; LT, leukotriene; TNF, tumour necrosis factor. Data from [29].
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feature of bronchitis tended to be airflow obstruction, whereas patients 
with emphysema had fewer problems with airflow obstruction and more 
problems with gas exchange. Of course, for most patients, the reality 
lies somewhere between the two. Occasionally, however, it is helpful to 
use these two stereotypes in order to illustrate the physiology of COPD. 

Comorbidities 
Patients with COPD commonly have other comorbidities which may 
complicate long-term disease management. Cardiovascular disease is a 
frequent comorbidity and is the most common cause of death in COPD 
patients; ischaemic heart disease and heart failure both result from 
chronic smoking. Diabetes is also prevalent. In addition, there is a four- 
to five-fold greater risk of lung cancer in patients with COPD compared 
with smokers with normal lung function. Patients may also suffer from 
depression (Table 2.4) [30]. 

Major chronic illnesses present in patients with COPD
Extrapulmonary disease Possible consequences in COPD patients

Cardiovascular disease Increased incidence

Increased dyspnoea (chronic heart failure)

Reduced physical activity

Cancer (including lung cancer) Increased mortality

Malnutrition Increased mortality

Low fat-free (muscle) mass

Skeletal muscle weakness

Increased dyspnoea

Reduced exercise capacity

Anaemia Increased dyspnoea

Possibly increased mortality

Osteoporosis Fractures

Depression Increased mortality

Diabetes Increased respiratory infections

Obstructive sleep apnoea Sleepiness

Pulmonary hypertension

Hypoventilation

Table 2.4  Major chronic illnesses present in patients with COPD. Reproduced with permission 
from [30].
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Assessment 
Symptoms 
The symptoms of COPD are slowly progressive over many years, in con-
trast to the episodic and variable symptoms of asthma. Patients have 
usually lost a considerable amount of their lung volume by the time they 
present to a doctor, with FEV1 values often as low as ~50% of predicted. 
There is usually a history of heavy smoking for many years, often more 
than 25 pack years. 

Progressive shortness of breath on exertion is the predominant 
symptom, and compensatory behaviour of the patient may delay diag-
nosis. Dyspnoea results from hyperinflation secondary to small airway 
narrowing and airway closure as a result of emphysema. This results in 
a poor QOL, which is further exacerbated by the physical deconditioning 
resulting from reduced activity (Figure 2.8). Cough and sputum pro-
duction are common symptoms but are also found in cigarette smokers 
without airflow limitation (chronic bronchitis). A change in the character 
of the cough may indicate lung carcinoma. Wheezing may occur during 

COPD leads to poor quality of life

Figure 2.8  COPD leads to poor quality of life.
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exacerbations and during periods of breathlessness. Ankle swelling may 
become noticeable when there is cor pulmonale (progressive right-sided 
heart failure). Weight loss often occurs in advanced disease, but the 
mechanism is at present uncertain; loss of skeletal muscle bulk may be 
a response to systemic inflammation. 

Signs 
When FEV1 is >50% of predicted, there may be no abnormal signs. The 
typical patient with more severe COPD shows a large, barrel-shaped 
chest owing to hyperinflation, diminished breath sounds, distant heart 
sounds owing to emphysema and prolonged expiration. Patients may 
also have generalised wheezing on expiration. 

Diagnosis 
Diagnosis is commonly made from a history of progressive shortness of 
breath in a chronic smoker and is confirmed by spirometry, which shows 
an FEV1/forced vital capacity (FVC) ratio of <70% and FEV1 <80% of 
predicted. Staging of severity is made on the basis of FEV1 (see Table 2.1), 
but exercise capacity and the presence of systemic features may be more 
important determinants of overall prognosis. Measurement of lung volume 
by body plethysmography will show an increase in total lung capacity, 
residual volume and functional residual capacity, with consequent reduc-
tions in inspiratory capacity, representing hyperinflation as a result of 
small airway closure (Table 2.5) [29]. This results in breathlessness, 
which may be measured by various dyspnoea scales, and reduced exer-
cise tolerance, which may be measured by a 6-minute or shuttle walking 
test. Carbon monoxide diffusion is reduced in a proportion of patients, 
representing loss of respiratory units (emphysema). 

A chest X-ray is rarely useful but may show hyperinflation of the lungs 
and the presence of bullae. High-resolution computerised tomography 
demonstrates emphysema but is not used as a routine diagnostic test. 
Blood tests are seldom useful; a normocytic normochromic anaemia is 
more commonly seen in patients with severe disease than polycythemia 
owing to chronic hypoxia. Arterial blood gases demonstrate hypoxia and, 
in some patients with severe disease, hypercapnia. 
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Chapter 3

The clinical consultation

Introduction 
There are many circumstances where patients may present to a health-
care professional in the primary care service (pharmacy, nurse or general 
practitioner) and be diagnosed with chronic obstructive pulmonary 
disease (COPD). It might be because of increasing breathlessness or an 
attack of bronchitis, or the patient might be attending a routine flu vac-
cination or health screening, or an outpatient (general or specialist) or 
follow-up clinic after a hospital admission. 

Each of these circumstances is a little different and requires a sensi-
tive hand to ask the correct questions and guide the patient through the 
process of clinical diagnosis, appropriate testing, initiation of treatment 
and counselling on prognosis. Putting patients on the right clinical track 
at this stage is important and will be helpful later if and when the disease 
progresses. Patients are often anxious about seeing a doctor; if the doctor or 
healthcare practitioner considers this, then it is likely that the consultation 
will go well and both parties will feel positive about future interactions. 

Often patients will have never heard the term COPD before; however, 
they may suspect they have lung cancer or more commonly emphysema. 
This is particularly relevant in people over the age of 60 years who have 
an awareness of air pollution-related deaths and the chronic chest disease 
health campaigns of the 1950s. On the other hand, they may have been 
told that they have asthma, which is a familiar disease to many and may 
be considered by the patient as trivial or less serious. Each patient should 
have their own individual situation examined and a careful, comprehensive 
and effective consultation performed.

R. E. K. Russell et al., Managing COPD,
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The interview 
At the outset, it is important to determine why a patient has come and to 
directly address their concerns. It is vital to establish trust and rapport 
with these patients, as it is likely that the therapeutic relationship in 
COPD will be ongoing and may be turbulent. 

Symptoms of COPD
Symptoms of COPD that may be evident are presented in Table 3.1. If the 
patient is seeking help, it is likely that breathlessness will be the predominant 
symptom. Breathlessness is defined as the abnormal awareness of the act 
of breathing. In this condition, it is progressive over many years and will 
occur with less and less activity. The effect of this breathlessness on the 
patient during certain daily activities, such as the ability to wash, dress and 
climb stairs, should be recorded. The use of breathlessness scores may be 
helpful in this regard, eg, the Medical Research Council dyspnoea score [1]. 
Some patients may not appreciate how disabled they are until questioned. 
Unfortunately, it is likely that the patient may have lost up to 50% of their 

Symptoms of COPD 
Breathlessness Primary symptom of COPD, often the presenting complaint 

Main source of anxiety and concern of patients 

Often a cause of disability

Slow onset; is often progressive and may be continuous 

Significantly worse during exacerbations

Breathlessness Considered normal by many patients as they smoke 

Usually productive; worse in mornings, unusual at night times

Sputum 
production 

Usually white/grey, may be thick and mucoid 

May change colour with attacks of ‘bronchitis’ (yellow/green)

Past medical 
history 

Wheezing can occur with exertion and as disease progresses 

Chest pain due to an increased effort of breathing 

Chest tightness occurs, especially during exercise 

Weight loss is an important sign both of progressing disease and of other 
possible problems (eg, lung cancer or tuberculosis) 

Tiredness and lack of energy – may be linked to muscle weakness, depression 

Ankle swelling may indicate progressive right-sided heart failure  
(cor pulmonale) 

Bloating and early satiety occur with increasing lung hyperinflation

Table 3.1  Symptoms of COPD. 
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lung function by the time that they present with breathlessness. Thus, 
there is a great need to consider other, less obvious symptoms.

Coughing with sputum production is often the other predominant 
symptom. This is often present for many years and is thought of as ‘normal’ 
by many smokers. This is not the case, and healthcare professionals 
should be aware of the need to identify COPD early by addressing these 
symptoms in particular. Moreover, the occurrence of so-called ‘winter 
bronchitis’ in a smoker should raise the suspicion of COPD.

Other symptoms should also be asked about directly. These include 
chest pain, ankle swelling, weight loss, muscle weakness and wasting. 
These symptoms are subtle and may not be automatically mentioned by the 
patient during the consultation. Chest pain can be significant and disabling 
and it is often caused by the hyperexpansion of the thoracic cavity, causing 
stretching of the intercostal muscles and ribs. However, in these cases 
ischaemic heart disease should also be considered. Ankle swelling may be 
suggestive of cor pulmonale. The onset of this has significant implications 
both for treatment and prognosis. Weight loss is an important prognostic 
factor in COPD and muscle weakness may occur due to both significant 
weight loss and the direct effects of the disease on muscles. Finally, do 
not forget to ask about the patient’s mental wellbeing. Depression is a very 
common finding in COPD and deserves acknowledging and treating [2].

It is possible that the patient may present with other symptoms than 
those already mentioned. It is important to be aware of the significance 
of some of these. Cough with haemoptysis, especially in the context of 
weight loss, is very suspicious of lung cancer. A seasonal variation in symp-
toms may indicate the presence of asthma. Patients with bronchiectasis 
produce sputum for most of the year.

Clinical history 
An accurate and complete clinical history should be obtained. All of 
the points mentioned in Table 3.2 should be addressed, not forgetting 
the importance of taking an occupational history and documenting the 
patient’s current social situation. Attention should be paid to the presence 
of risk factors. Tobacco smoking is the predominant issue and a smoking 
history documented using the concept of pack years. Cigars, pipes and 
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cannabis smoking all cause COPD. Occupations that have a great expo-
sure to dust may cause COPD, eg, coal mining. It has more recently been 
recognised that women are more susceptible to the effects of smoke, both 
tobacco and from domestic fires (biomass fuel smoke), as causes of COPD 
[2]. Patients with advancing COPD tend to slip into social isolation, which 
further exacerbates decline in health and quality-of-life (QOL) status. 

It is important to document the exacerbation history of every patient. 
How many courses of antibiotics and/or steroids have they received in 

Complete clinical history 
Patient 
symptoms 

Note down and address them all in order to obtain a complete picture of each 
individual’s pattern of disease

Risk factors Tobacco smoke, cannabis, other inhaled substances 

Occupation: dusts, chemicals 

Smoke exposure from carbon burning (biomass) fires, domestic and industrial

Smoking 
history 

Age of onset of smoking

Number of cigarettes a day 

Exposure recorded as pack years 

Previous abstinence, desire to quit

Past medical 
history 

Childhood respiratory disease 

Previous asthma 

Any history of allergic disease (eg, atopy, rhinitis, hay fever) 

Other smoking-related diseases: ischaemic heart disease, peripheral vascular 
disease, cancer 

Other lung diseases: tuberculosis (active or exposure), pneumonia

Drug history Current lung treatments 

Pattern of use of antibiotics and/or oral steroids 

Cardiovascular drugs: diuretics, antihypertensives

Social history Housing 

Occupation 

Family support 

Use of social services

Disease 
impact 

Walking distance (real life outcomes; eg, number of stairs, distance to post box 
or shops)

Getting out of house (shopping, day centre, work) 

Need of assistance with normal day-to-day activities

Family 
history 

First-generation relatives might have had COPD or ‘chest trouble’ 

Other members of family who smoke 

Lung cancer, ischaemic heart disease, peripheral vascular disease, tuberculosis

Table 3.2  Complete clinical history. 
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the last year? Have they ever been hospitalised with an exacerbation? 
Have they required any ventilatory support? All of these questions build 
a fuller picture of the disease impact and the patient’s disease phenotype 
and provide clues to help prognosticate and guide therapy.

Physical examination 
A complete examination should be performed. Particular attention should 
be paid to signs that add prognostic information. These include signs 
of hypoxia, cor pulmonale and cachexia. Table 3.3 lists specific signs to 
review. However, there may be no abnormal signs in mild COPD and the 
diagnosis is made on history and lung function testing alone. 

Examining the hands may reveal cyanosis and tar-staining of the nails 
and finger. Clubbing is not found in COPD and may suggest the presence 
of a lung malignancy or other disease such as bronchiectasis. The hand 
may flap (tremor), which may mean carbon dioxide retention and could 
also be associated with a bounding pulse. The pattern of breathing in 
COPD may be abnormal early on. A prolonged expiratory phase is sugges-
tive of airflow obstruction. The chest wall itself may be hyperexpanded 
and barrel-shaped. Breathing may require the use of accessory muscles 
of respiration such as the scalene, trapezius or sternocleidomastoid 
muscles. The abdominal wall muscles may also be active.

The patient’s breathing may be quiet and there may also be crackles 
present in the lungs. A wheeze is often heard and may lead to diagnos-
tic confusion with asthma. It is essential to remember that many chest 
diseases can cause an audible wheeze.

Signs of cor pulmonale must not be missed and should be specifically 
sought out. They include a raised jugular venous pulse, an enlarged 
heart with a loud second heart sound and perhaps even a right heart 
gallop rhythm. The liver may be enlarged and pulsatile and there may 
be peripheral oedema present.

Investigations 
After taking a clinical history and examining the patient, the diagnosis 
of COPD will usually be obvious. However, in order to complete the 
assessment and stage the disease, spirometry is mandatory (can also 
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Physical examination in COPD 
Breathing Observe patient breathing at rest for: 

 • comfort; 
 • rate of breathing; 
 • length of expiration; 
 • use of accessory muscles (sternocleidomastoids, trapezius and 

scalene muscles); 
 • pursed lip breathing; and
 • abnormal movement of intercostal muscles

Chest shape Barrel-shaped chest

Hands Finger cyanosis 

Finger clubbing 

Evidence of smoking (tar staining) 

Increased skin wrinkling 

Head and neck Abnormal venous pulsation (may indicate cor pulmonale) 

Central cyanosis 

Hair discoloured by smoking 

Poor dentition

Expansion  
of chest

Chest hyperexpanded but movement with breathing is reduced

Movement especially decreased in upper chest

Percussion  
of chest

May be globally increased 

Loss of cardiac dullness

Breath sounds Often quiet 

Wheezes may be heard 

Expiratory time is prolonged

Heart sounds Often quiet and may be inaudible 

Loud second heart sound in pulmonary hypertension 

Tricuspid regurgitation is often heard in cor pulmonale 

Cachexia Severe weight loss 

Wasting of muscles: 
 • loss of tibialis anterior (sharp anterior edge to tibia); and 
 • loss of proximal muscle bulk 

Other signs Orthopnoea 

Ankle swelling 

Enlarged liver 

Signs of steroid use – bruising, oral candidiasis, proximal weakness, moon face 

Table 3.3  Physical examination in COPD. 

consider bronchodilator reversibility testing). The differential diag-
nosis of COPD includes respiratory diseases, which can be difficult to 
tell apart from COPD on a clinical basis alone (eg, chronic asthma). 



t h E cl i n i c a l co n su ltat i o n • 37

Additional tests that should be performed include full blood count, 
testing for α1-antitrypsin deficiency if age <45 years, serum electro-
lytes and oxygen saturation if cyanosis is suspected (perhaps followed 
by formal blood gas analysis). A chest X-ray is essential to both help 
diagnose COPD and also to pick up other problems, eg, lung cancer. 
Table 3.4 contains a complete list of tests. 

Investigations to consider in COPD 
Spirometry Mandatory in COPD 

Measures FEV1 and FVC 

Disease classified by degree of spirometric abnormality 

Consider reversibility testing with bronchodilators if history of 
asthma, allergy, atopy or significant disease variability 

Chest X-ray Provides a baseline for the future 

Excludes other significant diseases (especially lung cancer) 

Full blood count To look for secondary polycythaemia 

Excludes anaemia as a cause of breathlessness 

Normocytic normochromic anaemia may occur as a systemic 
feature in severe disease 

Electrolytes Abnormalities can occur in the context of cor pulmonale 

Essential before diuretic use 

Sputum analysis Sputum cytology can be helpful if lung cancer is suspected 

Sputum culture helpful during exacerbation 

Pulse oximetry Only provides information on arterial oxygenation 

Affected by changes in peripheral circulation 

Can be used to guide need for full oxygen assessment (arterial 
blood gas analysis) 

Computerised 
tomography 

Increasingly useful in COPD to assess degree of emphysema 

Diagnoses other conditions (bronchiectasis, lung cancer, interstitial 
lung disease) 

Consider requesting if abnormal or atypical features if chest X-ray 
abnormal 

Electrocardiography Useful to assess right heart in possible cor pulmonale: 
 • prominent p waves; 
 • right axis deviation; and 
 • right bundle branch block 

Echocardiography Useful in assessing degree of pulmonary artery hypertension, 
tricuspid valve regurgitation and right heart hypertrophy (limited 
views as emphysematous lung may limit diagnostic views) 

Table 3.4  Investigations to consider in COPD. FEV1, forced expiratory volume in 1 second; 
FVC, forced vital capacity.
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Differential diagnosis 
It is important to consider other diagnoses in patients presenting with 
breathlessness or other symptoms of respiratory disease. Just as it is true 
to say that ‘not all that wheezes is asthma’, it is also correct to say that 
‘not all breathless smokers have COPD’. But of course, many do. 

The main differential diagnosis, and the one which causes most con-
fusion, is chronic asthma. The importance of making a clear distinction 
between COPD and asthma is that asthma therapy can be rather more 
focused and the practitioner can be more optimistic about prognosis. 
Other diagnoses to consider include congestive heart failure (CHF), 
bronchiectasis and even tuberculosis. Table 3.5 clarifies some of the 
more significant differences in histories and examinations. 

Table 3.5  Differential diagnosis of COPD. CXR, chest X-ray.

Differential diagnosis of COPD 

Age Symptoms Other Investigations

COPD Mid-life Slowly 
progressive

++ ++ + ++ Gradual 
onset 

Irreversible 
spirometric 
abnormality 

Asthma Child-
hood 

Variable 
progressive 

– +/– ++ History of 
allergy/
atopy, 
possible 
family 
history 

Reversible 
spirometric 
abnormality 

Congestive 
heart failure 

Late life Persistent – +/– – Orthopnoea, 
history of 
cardiac 
disease 

CXR large 
heart, 
increased 
pulmonary 
vascular 
markings 

Bronchiectasis Any Sub-acute 
onset 

+++ +/– +++ Recurrent 
infections, 
possible 
childhood 
disease 

CXR or CT scan 
diagnostic of 
disease 

Tuberculosis Any + +/– ++ Night 
sweats and 
weight loss 
significant 

CXR 
suggestive, 
sputum 
analysis 
diagnostic 
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If any symptoms of lung cancer are present, then careful clinical and 
radiological testing should be conducted. 

Ischaemic heart disease and COPD often coexist. A diagnosis can 
be reached by carefully considering the aetiology of any chest pain and 
performing an electrocardiography. CHF may present in a similar way 
to COPD. Knowing the history of longer-term cardiac disease (hyper-
tensive, valvular or ischaemic) can be helpful, as can a chest X-ray. The 
presence of a raised beta natriuretic peptide can help diagnose cardiac 
failure and an echocardiogram will document aetiology and degree of 
cardiac dysfunction.

Many other lung diseases may be confused with COPD. These include 
primary ciliary dyskinesia, bronchiectasis, obliterative bronchiolitis and 
even tuberculosis. Each has specific aetiologies and a different balance of 
symptoms. A careful history of the disease followed by an examination 
and the right imaging will help to yield a correct diagnosis.

Who should be referred from primary to secondary care?
Referral should occur when a diagnosis is not clear. Where there are 
symptoms suggestive of lung cancer or tuberculosis urgent referral is 
mandatory. Where there are symptoms suggestive of lung cancer or 
tuberculosis, urgent referral is mandatory. Other reasons for referral 
include early onset of disease (age <45 years), suspected α1-antitrypsin 
deficiency, suspected cor pulmonale and/or the need for oxygen therapy.

Information giving 
COPD is a term that is beginning to be understood by the general public. 
However, individual patients will bring with them their own fears and 
experiences. They will often feel guilty and have a sense of shame for 
inflicting the disease on themselves (through smoking). It is helpful to 
allow them to express these feelings and then draw a metaphorical line 
through it and put the past firmly in the past. 

In order for patients to effectively manage their symptoms, they must 
have an understanding of the disease process itself. This can often be 
provided simply by talking through each symptom (eg, cough, sputum 
production) and explaining the pathological basis for it. For example, 
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explaining hyperinflation to patients and carers is a relatively simple 
exercise. By asking the patient to take in a deep breath, hold it in, and 
then take another breath in without exhaling, they can be made to ‘feel 
full of air’ (ie, hyperinflated). Breathing tidally following this manoeu-
vre further adds to this sensation. Many patients feel anxious when 
this occurs, so simply explaining the phenomena can allay significant 
fears about their disease. Once patients have some understanding about 
COPD, they are then in a position to comprehend the treatment options 
and how they work. 

The role of pulmonary rehabilitation can be introduced when discuss-
ing what patients can do for themselves. It should be explained clearly 
that little can be done to improve the lungs themselves; however, it is 
vital that patients should exercise as much as possible. Preferably, patients 
should be referred for formal pulmonary rehabilitation. 

Prognosis 
Patients are coming to practitioners with more knowledge than ever 
before. In particular, the Internet has enabled patients to access addi-
tional resources, making them much more aware about their disease, 
even though this information can be occasionally misconstrued. The 
consultation is therefore an ideal opportunity for the practitioner to 
establish the patient’s knowledge base, which is vital when discussing 
their prognosis. Primary care physicians are greatly skilled in knowing 
what to say and when, and often have a much better understanding of 
the background of their patients than secondary care specialists. Patients 
will want different amounts of information at different times and quite 
often the information may need to be repeated. Patients have to accept 
the fact that their lungs cannot be healed. 

Exacerbation rates, onset of cor pulmonale and the requirement for 
long-term oxygen therapy are all related to poor prognosis. However, 
the disease trajectory of COPD is very different to that of cancer, for 
example, and the slow, gradual decline first shown by the Fletcher and 
Peto diagram is variable and punctuated by severe and rapid deteriora-
tions, or exacerbations [3]. The latest countrywide data from the UK 
have demonstrated a 13.9% 90-day mortality rate following admission 
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to hospital with an exacerbation of COPD [4]. Other factors suggestive of 
a poor prognosis include a low body mass index (<20) and the presence 
of a low FEV1 (<30% predicted).

Treatment of COPD exacerbations with noninvasive ventilation may 
cause difficulties for both patients and practitioners. Patients who have 
undergone invasive or noninvasive ventilation are often clear about their 
wishes for the future. Practitioners should not be afraid of asking the 
question: ‘If you required this treatment again would you want it?’. Very 
often, patients are candid in their response. Their decision should be 
documented in such a way so as to be available for admitting teams in 
the emergency room so that a patient’s wishes can be carried out. Living 
wills and advanced directives are becoming a part of routine clinical 
practice when dealing with patients with chronic diseases. In order for 
an advance directive to be valid, it must: 
•	 be made by a person 18 years old or over and has the capacity to 

make it; 
•	 specify the treatment to be refused (the patient can do this in 

lay terms); 
•	 specify the circumstances in which this refusal would apply; 
•	 be made by the patient who took the decision under their 

own volition; 
•	 not have been modified verbally or in writing since it was made;
•	 be in writing (it can be written by a family member, recorded in 

the medical notes by a doctor or on an electronic record); 
•	 be signed and witnessed (it can be signed by someone else at 

the person’s direction – the witness is to confirm the signature not 
the content of the advance directive); and 

•	 include a statement that the decision stands ‘even if life is at risk’. 

Summary
At the conclusion of a consultation, the patient and practitioner should 
have discussed: 
•	 symptoms and the effects they have on QOL;
•	 a history of possible aetiological agents and events; and 
•	 the findings of a physical examination.
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A differential diagnosis should be considered and a diagnosis made 
with suitable tests organised or performed. An assessment and discussion 
of disease severity and prognosis should be carried out. The patient should 
leave with as clear a picture as possible about the nature of COPD and 
have a plan for disease management.
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Chapter 4

Management strategies 

Guidelines recommend that patients with chronic obstructive pulmo-
nary disease (COPD) should be managed according to the severity of the 
disease with a stepwise escalation of therapy as the disease progresses 
(Table 4.1) [1]. It is worth noting, however, that forced expiratory volume 
in 1 second (FEV1) is poorly correlated to the level of physical activity, 
particularly in the early stages of the disease. Breathlessness together with 
other measures (eg, the BODE index [body-mass index (B), the degree 
of airflow obstruction (O) and dyspnea (D), and exercise capacity (E)]), 
may be a better predictor (Figure 4.1) [2]. 

Anti-smoking measures 
Smoking cessation is the only measure shown so far to slow the progres-
sion of COPD (Figure 4.2) [3]. However, in advanced disease, stopping 
smoking has little effect on the underlying chronic inflammation and 
accelerated decline in lung function. Nicotine replacement therapy 
(gum, transdermal patch, inhaler) helps individuals to quit smoking, 
but bupropion, a noradrenergic antidepressant, is somewhat more effec-
tive. A novel anti-smoking therapy, varenicline, was approved in the 
United States and Europe in 2006 [4,5]. It is a partial nicotinic agonist, 
and in comparative studies, was far more effective than either nicotine 
replacement therapy or bupropion [4,6]. It is usually given for 12 weeks 
and may be continued for an additional 12 weeks if necessary. The treat-
ment is well tolerated, and nausea, insomnia, and abnormal dreams are 
the only significant side effects [4]. Other new anti-smoking therapies, 

R. E. K. Russell et al., Managing COPD,
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GOLD recommendations for therapy at each stage of COPD

Patient 
category

Nonpharmacologic 
treatment 
recommendations Pharmacologic treatment recommendations

A (low risk, less 
symptoms)

 • Smoking cessation 
(can include 
pharmacologic 
treatment)

 • Physical activity
 • Depending on 

local guidelines: 
flu and/or 
pneumococcal 
vaccinations

 • First choice: short-acting anticholinergic or short-
acting beta2-agonist

 • Second choice: long-acting anticholinergic, LABA, 
or short-acting anticholinergic + short-acting 
beta2-agonist

B (low 
risk, more 
symptoms)

Same as A, but 
include pulmonary 
rehabilitation

 • First choice: long-acting anticholinergic or LABA
 • Second choice: long-acting anticholinergic + LABA

C (high 
risk, less 
symptoms)

Same as A, but 
include pulmonary 
rehabilitation

 • First choice: long-acting anticholinergic or inhaled 
corticosteroid + LABA

 • Second choice: long-acting anticholinergic + LABA

D (high 
risk, more 
symptoms)

Same as A, but 
include pulmonary 
rehabilitation

 • First choice: long-acting anticholinergic or inhaled 
corticosteroid + LABA

 • Second choice: 
− Long-acting anticholinergic + LABA, or
− Long-acting anticholinergic + 

phosphodiesterase-4 inhibitor, or
− Inhaled corticosteroid + long-acting 

anticholinergic, or
− Inhaled corticosteroid + LABA + long-acting 

anticholinergic, or
− Inhaled corticosteroid + LABA + 

phosphodiesterase-4 inhibitor

Table 4.1  GOLD recommendations for therapy at each stage of COPD. LABA, long-acting 
β2-agonists. Adapted from [1].

such as nicotine vaccines, are in development but have yet to reach the 
market (see Chapter 6). 

Bronchodilators 
Bronchodilators are the mainstay of current drug therapy for COPD 
(Figure 4.3). The bronchodilator response, measured by an increase in 
FEV1, is limited in COPD, but bronchodilators may improve symptoms by 
reducing hyperinflation and therefore dyspnoea. They may also improve 
exercise tolerance despite the fact that there is little improvement in 
spirometric measurements. Previously, short-acting bronchodilators, 
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including β2-agonists and anticholinergics, were widely used, however, 
long-acting bronchodilators are now recommended as the preferred 
therapy. These include the long-acting β2-agonists (LABAs) salmeterol 
and formoterol and the once-daily inhaled anticholinergic tiotropium 
bromide (a long-acting anti-muscarinic antagonist [LAMA]). The new 
ultra-LABA (uLABA) indacaterol was approved in Europe in 2009 and 
in the United States in 2011 [7,8]. Indacaterol offers quick onset action 
and true 24-hour control in both asthma and COPD, with cough being 
the most frequently reported adverse event. This opens up the way for 
combination once-daily therapies (LAMAs and uLABAs). As the combi-
nation of a LABA and tiotropium also appears to be additive, clinical 
trials of the combination of these agents are now underway. Although 
LABAs, LAMAs and inhaled corticosteroids have all been shown to reduce 
exacerbation rates in patients with COPD by approximately 20%, the 
cumulative effect of these therapies has not been properly assessed. Two 
recent 24-week studies evaluated the combination of tiotropium plus 
inhaled salmeterol and fluticasone versus tiotropium alone (N=743). 
The combination significantly improved lung function at all timepoints 
compared with tiotropium monotherapy. However, the mean exacerbation 
rate was similar between groups [9,10]. Theophylline is also used as an 

Effect of smoking cessation on FEV1 in patients with COPD

Figure 4.2  Effect of smoking cessation on FEV1 in patients with COPD. Reproduced with 
permission from [3].
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add-on bronchodilator in patients with very severe disease, but systemic 
side effects may limit its value. More recently, low-dose theophylline 
(plasma concentrations of 5–10 mg/L) has been found to reverse steroid 
insensitivity in COPD and may prove to be a useful addition in the future 
(see Chapter 6) [11,12]. 

Exacerbations and the use of antibiotics in COPD
Exacerbations of COPD can be caused by bacteria, viruses or both, with 
bacteria contributing to 50% of exacerbations [13]. Therefore, antibiotics 
are often used to treat these exacerbations, but problems surround their 
use, namely which patients to treat and when, and with what antibiotic.

The National Institute for Clinical Excellence (NICE) COPD guidelines 
state that antibiotics should be used in patients with COPD with ‘a history 
of more purulent sputum’; those without can be prescribed antibiotics 
if consolidation (ie, dense areas) is observed on a chest radiograph or 
there are clinical signs of pneumonia [14]. The use of antibiotics to treat 
exacerbations in patients with increased cough and sputum purulence 
and moderate or severe disease is supported by a Cochrane review, 
which showed that therapy significantly reduced mortality, treatment 
failure and sputum purulence compared with placebo [15]. There is also 

Management strategies for COPD

Figure 4.3  Management strategies for COPD.
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evidence to suggest that patients with severe exacerbations are more 
likely to benefit from antibiotics than those with milder symptoms [16]. 
Indeed, risk factors for poor outcome identified in various studies include 
increasing age, severity of underlying airway obstruction, presence of 
co-morbid illnesses (especially cardiac disease), a history of recurrent 
exacerbations, use of home oxygen, use of chronic steroids, hypercapnia 
and acute bronchodilator use. Many of these, of course, reflect increasing 
disease severity. Furthermore, a study [17] of severe early-onset COPD 
probands and their relatives found that many of the above predictors 
were related to the aggregation of exacerbations, suggesting a genetic 
component to the ‘frequent exacerbator’ phenotype. Clearly, the ‘one 
size fits all’ approach needs to be better quantified when setting goals 
to avoid treatment failures (Table 4.2) [18].

The NICE COPD guidelines recommend an aminopenicillin, macrolide 
or a tetracycline as first-line therapy, although input from local microbiolo-
gists should be considered [14]. A number of different bacteria have been 
isolated from the lungs of patients with COPD, including non-typeable 
Haemophilus influenzae, Moraxella catarrhalis, Streptococcus pneumoniae 

Goals for treatment of COPD exacerbations
Goals Comments

Clinical

Faster resolution of symptoms Needs validated symptom assessment tools

Clinical resolution to baseline Needs baseline assessment prior to 
exacerbation onset for comparison

Prevention of relapse Relapse within 30 days is quite frequent

Increasing exacerbation-free interval Needs long-term follow-up after treatment

Preservation of health-related quality of life Sustained decrements seen after exacerbations

Biological

Bacterial eradication Often presumed in usual antibiotic comparison 
studies

Resolution of airway inflammation Shown to be incomplete if bacteria persist

Resolution of systemic inflammation Persistance of systemic inflammation predicts 
early relapse

Restoration of lung function to baseline Incomplete recovery is seen in a significant 
proportion

Preservation of lung function Needs long-term studies

Table 4.2  Goals for treatment of COPD exacerbations. Reproduced with permission from [18].
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and Pseudomonas aeruginosa (normally associated with severe airflow 
obstruction). Attempts have been made to stratify antibiotic use accord-
ing to the isolated bacteria and host factors, but such approaches have 
yet to be proven [19]. However, a risk stratification approach is almost 
certainly advocated using the host factors discussed above.

Vaccination of patients with COPD
The NICE guidelines state that “pneumococcal vaccination and an annual 
influenza vaccination should be offered to all patients with COPD as 
recommended by the Chief Medical Officer” (Table 4.3) [14,20,21].

Vaccine studies in patients with COPD
Several studies have been performed to investigate the efficacy of 
S. pneumoniae and influenza vaccinations in patients with COPD. 

S. pneumoniae
Evidence suggests that pneumococcal vaccination is less effective in 
patients with COPD than in healthy individuals [22]. Moreover, a Cochrane 
review concluded that there is no evidence from randomised controlled 
trials to show that pneumococcal vaccination significantly improves 

Vaccination recommendations for patients with COPD 
Streptococcus pneumoniae

> 90 serotypes identified

23-valent pneumococcal polysaccharide vaccine (PPV) recommended for defined at-risk 
groups ≥2 years of age (includes patients with COPD)*

Pneumovax® II is the only licensed PPV in the UK

Vaccine is only effective against serotypes contained in the formulation

Schedule: single dose of 0.5 mL

Influenza virus

Influenza strains included in the vaccine change each year

Annual vaccination is therefore offered between September and early November to those 
≥6 months of age in defined risk groups (includes patients with COPD)

Various types of influenza vaccine are licensed in the UK

Schedule (>18 years of age): single 0.1-mL dose

Table 4.3  Vaccination recommendations for patients with COPD. *Serotypes: 1, 2, 3, 4, 5, 6B, 7F, 8, 
9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, 33F. Data from [20,21].
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morbidity or mortality in patients with COPD [23]. However, some 
studies have shown pneumococcal vaccination to be beneficial. Alfageme 
et al reported that pneumococcal polysaccharide vaccine was effective 
at preventing community-acquired pneumonia in patients with COPD 
who were younger than 65 years of age and in patients with severe 
airflow obstruction [24]. Additionally, Lee et al demonstrated that the 
risk of hospitalisation for pneumococcal pneumonia before vaccination 
was 8.02 compared with controls and 3.87 following vaccination [25]. 

Influenza
As described in a Cochrane review [26], the number of exacerbations was 
reduced in patients with COPD who were given the influenza vaccine 
compared with those who were given a placebo (P=0.006). Vaccination 
caused a significant increase in injection-site reactions, but they were 
generally mild and transient. Menon et al found that influenza vaccina-
tion of patients with COPD is highly effective at preventing acute res-
piratory illness, particularly in patients with severe disease. It can also 
significantly reduce the number of outpatient and hospitalisation visits 
compared with the pre-vaccination period (P=0.02) [27].

Oxygen
Home oxygen accounts for a large proportion of healthcare spending 
on COPD (over 30% in the USA). The use of long-term oxygen therapy 
(LTOT) is justified by two large trials showing reduced mortality and 
improved quality of life (QOL) in patients with severe COPD and chronic 
hypoxaemia (PaO2 <55 mmHg, 7.3 kPa). These two seminal trials, 
published within a year of each other, provide the rationale for supple-
mentary O2 therapy in patients with hypoxaemic COPD [28,29]. More 
information should be gleaned with respect to oxygen therapy in COPD 
once the Effectiveness of Long-term Oxygen Therapy in Treating People 
With Chronic Obstructive Pulmonary Disease (The Long-term Oxygen 
Treatment Trial [LOTT]) study is complete [30].

The first, larger study [28] was performed in six centres in the USA 
and Canada and randomised 203 patients with severe COPD (mean 
FEV1 30% of predicted) into two groups: one receiving supplementary 
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nocturnal O2 (mean, 12 h/day), the other receiving continuous O2 
(mean, 17.7 h/day). Mean follow-up was 19.3 months. Compared with 
the continuous O2 group, the relative risk (RR) of death in the nocturnal 
group was 1.94. The subgroups showing a high PaCO2, haematocrit and 
pulmonary artery pressure or low forced vital capacity (FVC), pH or 
severe disturbance of mood at entry to the trial appeared to derive the 
most benefit from continuous O2.

The UK trial [29] recruited 87 patients with severe COPD (FEV1 
~600 mL) and similar profiles to the USA cohort from three centres. In 
addition, they were all hypercapnic with evidence of congestive cardiac 
failure (PaCO2 was as high as 8 kPa in one subgroup). The patients were 
randomised to receive either O2 for 15 h/day or no O2 and were followed 
for 5 years. The RR was lower than the American trial at 1.49 in favour 
of supplementary O2 largely because, in the 66 male patients, the sur-
vival curves did not start to separate until the 500th day. In the small 
group of women (n=21; 12 receiving no O2, 9 supplemented with O2), 
the RR at 3 years was a very high 6.1 in favour of supplementary O2, 
with the effects becoming immediately apparent. It is unfortunate that 
this observation was never followed up, although the magnitude of the 
effect may have been grossly exaggerated by the small sample size. As 
in the American study, it was speculated that rising PaCO2 and red cell 
mass levels could predict mortality.

It is clear that supplementary O2 improves survival in hypoxaemic 
patients (PaO2 ~6.8 kPa) with COPD and evidence of right heart failure. 
However, the role of pulmonary hypertension in COPD is an emerg-
ing field. Recently, it has become clear that fibrosis with emphysema 
often results in early and severe pulmonary hypertension. It is unclear 
whether this is a separate disease entity, an isolated feature of idiopathic 
pulmonary fibrosis or a combination of both processes.

More recent studies have demonstrated that patients with less severe 
hypoxaemia do not appear to benefit from O2 supplementation. Therefore, 
the selection of patients is important when prescribing this expensive 
therapy. Similarly, treatment of nocturnal hypoxaemia does not appear 
to be beneficial in terms of survival or delaying the use of LTOT in 
patients with COPD. 
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Corticosteroids
Inhaled corticosteroids are now the mainstay of chronic asthma 
therapy, and the recognition that chronic inflammation is also present 
in COPD provided a rationale for their use in COPD. Indeed, inhaled 
corticosteroids are now prescribed widely in the treatment of COPD, 
even though they are only approved for patients with an FEV1 <50% of 
predicted (60% for seretide) with two or more exacerbations per year. 
There is no effect of inhaled corticosteroids on all-cause mortality in 
COPD. The inflammation in COPD shows little or no suppression even 
with the use of high doses of inhaled or oral corticosteroids. This may 
reflect the fact that neutrophilic inflammation is not suppressible by 
corticosteroids. Indeed, neutrophil survival is prolonged by steroids. 
There is also evidence for an active cellular resistance to corticoster-
oids, with no evidence that even high doses suppress the synthesis of 
inflammatory mediators or enzymes. This is related to decreased activ-
ity and expression of histone deacetylase-2 (HDAC2), which is required 
for corticosteroids to switch off activated inflammatory genes, such as 
those encoding tumour necrosis factor (TNF)-α, interleukin (IL)-8 and 
matrix metalloproteinase (MMP)-9. 

Approximately 10% of patients with stable COPD show some symp-
tomatic and objective improvement with oral corticosteroids. These 
patients may have concomitant asthma, as both diseases are very common. 
Furthermore, they have elevated sputum eosinophils (>3%) and exhaled 
nitric oxide, which are features of asthmatic inflammation. Long-term 
treatment with high doses of inhaled corticosteroids fails to reduce disease 
progression, even at the early stages of the disease. However, there is 
a small protective effect against acute exacerbations in patients with 
severe disease (~20% reduction). There is also a small beneficial effect 
of systemic corticosteroids in treating acute exacerbations of COPD, with 
a reduction in the risk of treatment failure (NNT 10) and rate of relapse 
within a month of treatment with corticosteroid treatment, as well as a 
reduced length of hospital admission (mean reduction 1.22 days) [31]. The 
reasons for this discrepancy between steroid responses in acute versus 
chronic COPD may relate to differences in the inflammatory response 
(increased eosinophils) or airway oedema in exacerbations. 
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Combination inhalers 
Inhalers that combine a LABA and a corticosteroid, such as formoterol/
budesonide and salmeterol/fluticasone, may be more effective than 
either component alone and are now commonly used in patients with 
COPD. It is common to start patients off on tiotropium once daily 
and then to add a combination inhaler for patients with more severe 
disease who have frequent exacerbations, rather than using an inhaled 
corticosteroid alone. 

Other drug therapies 
Systematic reviews show that mucolytic therapies reduce exacerbations, 
yet most of the benefit (nearly a 30% reduction) appears to come from 
data involving N-acetylcysteine (NAC), a thiol that is also an antioxidant. 
The standard dose of 600 mg once daily is probably not high enough 
given its low bioavailability and short half-life (6 hours), and perhaps 
doses of 1200-1600 mg are needed. An alternative to NAC is its lysine salt 
nacystelyn (NAL), which is a more potent antioxidant and has a neutral 
pH in solution, thereby making it more amenable to the patient via the 
inhaled route. A related thiol and mucolytic, erdosteine, is now licensed 
in the UK for the treatment of COPD, and may improve QOL in addition 
to reducing exacerbations [32]. It is worth noting that when selecting 
patients with COPD for trials involving mucolytics, any concomitant use 
of inhaled steroids may reduce the overall positive effects. 

Interest in statins as an adjunct for the treatment of COPD has gath-
ered pace. Given their pleiotropic effects on matrix remodelling, oxidant 
load and inflammation within the lung, statins may be useful therapies. 
However, more specific patient outcome trials need to be conducted. 
Interestingly, a 2008 trial in 125 patients with stable COPD showed a 
significant improvement in exercise time with pravastatin compared 
with placebo [33].

There is no concrete evidence that cysteinyl leukotriene antagonists, 
such as montelukast, are beneficial in COPD, although they are sometimes 
used in combination with other treatments (eg, bronchodilators) if it is 
felt that there is an asthmatic component to a patient’s airway disease. 
Opiates, such as codeine, may reduce dyspnoea in patients with COPD 
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and help suppress cough if used short-term, but this minimal benefit is 
outweighed by their side effects, such as constipation and psychological 
dependence. Low-dose morphine sulphate may be particularly beneficial 
against extreme dyspnoea in patients with end-stage disease. Additional 
palliative therapies will be discussed in Chapter 5. 

Noninvasive ventilation 
Noninvasive positive pressure ventilation (NIPPV) uses a simple nasal 
mask and thus avoids the need for endotracheal intubation. It reduces 
the need for mechanical ventilation in acute exacerbations of COPD in 
hospital by correcting acidosis at an early stage. Domiciliary NIPPV may 
improve oxygenation and reduce hospital admissions in patients with 
severe COPD and hypercapnia. In a 2-year trial in 66 patients with COPD, 
treatment with NIPPV plus rehabilitation led to greater improvements 
in pulmonary function, gas exchange, exercise tolerance, and QOL over 
the long term than rehabilitation alone [34].

Pulmonary rehabilitation 
Pulmonary rehabilitation consists of a structured programme of edu-
cation, exercise and physiotherapy and has been shown in controlled 
trials to improve the exercise capacity and QOL of patients with severe 
COPD, with a reduction in health-care utilisation and hospitalisation. 
Pulmonary rehabilitation is now an important part of the management 
plan in patients with severe COPD. 

Nurse-led strategies 
Reducing the number of inpatient bed days is vitally important for patients 
with COPD. This is best achieved using a multidisciplinary approach via 
a nurse-led COPD outreach service and outpatient follow-up service. 
Regular team meetings provide the opportunity to close the care loop 
and give support to team members. 

Lung volume reduction 
Surgical removal of emphysematous lung improves ventilatory function 
in carefully selected patients. The reduction in hyperinflation improves 
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the mechanical efficiency of the inspiratory muscles. Careful patient 
selection after a period of pulmonary rehabilitation is essential. Patients 
with localised upper lobe emphysema with poor exercise capacity do 
best, but there is a relatively high operative mortality, particularly 
for patients who have a low diffusing capacity. Significant functional 
improvements include: 
•	 increased FEV1; 
•	 reduced total lung capacity and functional residual capacity; 
•	 improved function of respiratory muscles; 
•	 improved exercise capacity; and 
•	 improved QOL. 

Benefits persist for at least a year in most patients, but careful long-
term follow-up is needed in order to evaluate the long-term benefits of 
this therapy. 

Nonsurgical bronchoscopic lung volume reduction has been achieved 
by insertion of one-way valves using fibre optic bronchoscopy. This gives 
significant improvement in some patients and appears to be safe, but 
collateral ventilation reduces the efficacy of this treatment so that sig-
nificant deflation of the affected lung may not be achieved. A number of 
other bronchoscopic treatments for emphysema are under development, 
including airway bypass techniques, bronchial, spigots, and lung volume 
reduction coils [35,36]. 

Lung transplantation 
Long-term results of lung transplantation are limited by significant 
complications that impair survival. Survival rates of approximately 
80% at 1 year, 50% at 5 years and 35% at 10 years have been reported. 
Bronchiolitis obliterans is the most important long-term complication 
of lung transplantation, resulting in decreased pulmonary function. In 
general, a patient with COPD can be considered an appropriate candi-
date for transplantation when the FEV1 is below 25% of predicted and/or 
the PaCO2 is >55 mmHg. Bilateral lung transplantation is preferable in 
patients with COPD who have chances of better long-term survival. Single 
lung transplantation is better suited to pulmonary fibrosis, although the 
availability of donor organs is variable. 
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Chapter 5

Palliative care in COPD

The annual death rate in the UK from chronic obstructive pulmonary 
disease (COPD) approaches that of lung cancer [1]. Palliative care in this 
group of patients is challenging in terms of the assessment and provision 
of their emotional, physical, psychological, spiritual and social needs and 
cares. Palliative care is the active holistic care of patients with advanced 
progressive illness. It includes management of pain and other symptoms 
and provision of psychological, social and spiritual support. The goal 
is the achievement of the best possible quality of life for patients and 
their families. Many aspects are applicable earlier in the course of the 
illness in conjunction with other treatments [2]. COPD brings with it a 
multitude of physical, emotional, social and psychological symptoms and 
the consequent end-of-life symptom management, prognostication, com-
munication, service planning and delivery aspects. Patients with COPD 
have significant end-of-life needs, but are much less likely than patients 
with cancer to access or receive appropriate palliative care [3]. Predicting 
prognosis in COPD is difficult due to the variable illness trajectory [1], 
with the gradual decline over a number of years with acute exacerbations 
which may or may not be fatal. In a subgroup of patients, COPD can be a 
relentlessly progressive disease even when they have stopped smoking. 
Patients invariably reach a point at which they will require palliative 
interventions. Dyspnoea is the most distressing symptom experienced by 
these patients, which in the later stages of the disease becomes ‘refrac-
tory’ or not responsive to traditional dyspnoea management. The focus 
of care then shifts to relieving symptoms. Many pharmacological and 
nonpharmacological interventions can help with this, including oxygen, 
opioids, psychotropic drugs, inhaled furosemide, heliox, rehabilitation, 

R. E. K. Russell et al., Managing COPD,
DOI: 10.1007/978-1-907673-52-8_5, � Springer Healthcare 2013
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nutrition, psychosocial support, breathing techniques and breathlessness 
clinics (Table 5.1). 

The ‘End of Life Care Strategy’ in the UK [4] advocates the use of 
end of life tools such as the Gold Standards Framework, Liverpool Care 
Pathway, Preferred Priorities for Care and the process of Advance Care 
Planning (ACP) across all disease groups. The focus away from just 
cancer palliative care is welcome but still brings its own challenges for 
palliative care for patients with COPD.

Symptom burden
Skilbeck et al [5] looked at 63 patients with COPD over the age of 
55 years who had been admitted to hospital with an exacerbation in the 
preceding 6 months. Breathlessness was the most significant debilitat-
ing symptom, reported in 95% of patients, with 60% reporting severe 
symptoms. Other common symptoms included pain, fatigue, difficulty 
sleeping and thirst as well as decreased physical, social and emotional 
functioning. Other studies have compared the care of patients with 
end-stage COPD with that of patients with lung cancer. Gore et al [6] 
compared 50 patients with severe COPD with 50 patients with inop-
erable non-small cell lung cancer. The study assessed quality of life 
(QOL) as well as the quantity and quality of medical and social care 
received. The results showed that patients with COPD had worse QOL 

Palliative interventions for refractory dyspnoea 
Oxygen Pharmacological Nonpharmacological

Hypoxaemic* 

Nonhypoxaemic† 

Opioids 
 • oral* 
 • parenteral* 
 • inhaled† 

Psychotropic drugs 
 • anxiolytics‡ 
 • phenothiazines† 
 • selective serotonin 

reuptake inhibitors‡ 

Inhaled furosemide‡ 

Heliox‡

Rehabilitation* 

Nutrition‡ 

Psychosocial support‡ 

Breathing techniques* 
 • positioning 
 • pursed lip breathing 

Breathlessness clinics‡

Table 5.1  Palliative interventions for refractory dyspnoea. *Evidence generally supports use 
of intervention for the management of refractory dyspnoea in COPD. †Current available evidence 
does not support use of this intervention. ‡Further investigation required.
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scores than those in the lung cancer group. They also demonstrated an 
increase in depressive symptoms over that of the lung cancer group, 
using the depression subscales of the Hospital Anxiety and Depression 
Scale (HADS). Activity levels in the COPD group were also lower; 82% 
were housebound, compared with 36% of patients in the lung cancer 
group. None of the patients with COPD were offered palliative care. In 
general, the patients with COPD felt worse than the patients with lung 
cancer, because even though the two groups have similar symptoms, 
they did not have access to comparable healthcare input. This could 
lead to feelings of hopelessness and guilt. 

Lokke et al [7] showed that many smokers develop airway obstruc-
tion if they live long enough and continue to smoke, and that the number 
who do so increases because of a decline in competing mortality. Of 
the continuous smokers studied, at least 25% had COPD, more than the 
previous estimates of about 15%. 

As we have already described, the GOLD guidelines recommend 
a stepwise approach to care as lung function declines and patients 
become more symptomatic, involving many different therapies includ-
ing bronchodilators, pulmonary rehabilitation, inhaled glucocorticoids 
and oxygen. 

Advance Care Planning for patients with COPD in 
the UK
“Advance care planning is a voluntary process of discussion and review to 
help an individual who has capacity to anticipate how their condition may 
affect them in the future and, if they wish, set on record: choices about their 
care and treatment and/or an advance decision to refuse a treatment in 
specific circumstances, so that these can be referred to by those responsible 
for their care or treatment (whether professional staff or family carers) in 
the event that they lose capacity to decide once their illness progresses” [8].

The UK Department of Health End of Life Strategy [4] advocates 
that all patients with an advanced life-limiting illness will be able to 
participate in Advance Care Planning (ACP). In the UK, this takes place 
in the anticipation of deterioration in the future and attendant loss of 
capacity to make decisions or communicate. ACP may include a Statement 
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of Preferences and Wishes (eg, Preferred Priorities for Care) and/or an 
Advance Decision to Refuse Treatment (ADRT). Consideration may also 
need to be given to Lasting Power of Attorney (Personal Welfare) and 
the Best Interests principles. 

A review of the ACP literature by the Royal College of Physicians [9] 
identified that 60–90% of the general public was broadly supportive of 
ACP. The majority of individuals were happy to discuss ACP when their 
condition was stable and discussions with patients with long-term con-
ditions or as part of an end-of-life management plan increased patient 
satisfaction. However, ACP may be a series of conversations rather 
than just one. Information and planning needs/perceptions of patients 
may change during the course of their illness. Cultural issues may also 
influence the desire to take part in ACP conversations [10]. 

A review of barriers to ACP by Gott et al reported that such discus-
sions are rarely initiated. There is inadequate information provision about 
the course of COPD at diagnosis, a lack of consensus about who should 
initiate discussions and in what setting they should take place, and a 
lack of understanding or definition of what ‘end of life’ means in COPD 
[11]. Caution should be taken with using a ‘one-size-fits-all’ approach 
in COPD. A study by Jones et al [12] of the needs of patients dying from 
COPD indicated that patients desired better education and information 
about their condition, but information needs were variable and patients 
were sometimes unwilling to contemplate the future. Similarly Schwartz 
discusses the phenomenon of ‘response shift’, the process whereby in 
the face of severe disease or impending death, individuals abandon 
their usual ‘roadmap’ of values and adapt new perspectives [13]. These 
shifts can make the application of ‘black-and-white’ advance planning 
processes inappropriate, as patient’s preferences and wishes may change.

There is also consensus that one form of documentation may not 
suit all patients [9]. It is important for health and social care staff to be 
confident and competent in the ACP to facilitate and enable the process, 
create the documentation and liaise with other health and social care 
professionals in order to implement patients’ preferences and wishes. 
Couceiro and Pandiellla report that ACP increases the quality of decisions 
at the end of life of the patients with COPD [14]. 
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Good communication is a key part of the patient, family and health-
care professional interaction [10]. There should be information available 
about treatments, medications and rehabilitation strategies, as well as 
making and supporting the consequences of difficult conversations 
during and at the end of life. The seminal work by Glaser and Strauss 
[15] highlighted the importance of communication in serious illness or 
terminal care. We know from work done in communication with patients 
with cancer that effective communication skills positively influence the 
rate of patient recovery, effective pain control, adherence to treatment 
regimens and psychological functioning. Ineffective skills lead to reluc-
tance to disclose important issues or feelings, poor patient compliance 
with treatment regimens, increased healthcare professional stress, lack 
of job satisfaction and emotional burnout. 

The challenge and uncertainty of prognostication and identifying the 
final days or weeks of a patient’s life is widely reported and has been 
said to lead to “prognostic paralysis has been described, whereby clinicians 
of patients with uncertain illness trajectories prevaricate when considering 
end-of-life issues” [16]. Specific barriers to communicating with patients 
with COPD include difficulty in prognostication, disease trajectory and 
willingness to discuss [17]. Specific patient barriers also exist, such as the 
housebound nature of patients with COPD who are oxygen-dependent, 
uncertain of continuity of care and who would look after them at the time 
of death. Other symptoms, such as increased depression, could lead to 
patients viewing communication interactions poorly and may influence 
their end-of-life treatment choices and preferences, such as noninvasive 
ventilation or resuscitation. A review of recent research activity in pal-
liative care and COPD reports the importance of ACP and improving 
communication as an important opportunity to improve the quality of 
end-of-life care in patients with COPD [18]. Increasingly, studies looking 
at the communication needs of patients with COPD have found the value 
and importance of good communication.

Discussing Advance Care Planning
Bevan et al report the general points to consider when discussing ACP 
[10]. Practitioners may have an understanding of the typical physical 
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course of COPD, but a patient’s perspective or experience may be dif-
ferent and as such they may or may not be ready to discuss in detail 
physical deterioration or preferences and wishes for care. The content 
of the conversations may vary and range from considerations of prefer-
ences and wishes to more formal decisions such as an Advance Decision 
to Refuse Treatment. The context of the conversation may influence the 
content, eg, admission or discharge from hospital, transfer to a nursing 
home or the withdrawal of longstanding management. Some conver-
sations may consider future events (such as readmission to hospital or 
not), while others may be crisis conversations with little time to build 
rapport and trust. The confidence and competence of the healthcare 
professional facilitating the conversation may also influence its content 
and the decision making. A list of resources on the subject of ACP are 
listed in Table 5.2.

Advance care planning resources in the United Kingdon
Patient resources

Planning For Your Future Care: A Guide
www.endoflifecareforadults.nhs.uk/publications/planningforyourfuturecare
Guide educating patients about advance care planning (ACP)

Advance Decision to Refuse Treatment (ADRT) proforma
www.endoflifecareforadults.nhs.uk/publications/adrtform
Patient template for writing an ADRT

Dying Matters Resources
www.dyingmatters.org/page/dying-matters-leaflets
Leaflet 1: ‘Five Things to do before I die’
Leaflet 2: ‘One last thing...’
Leaflet 3: ‘I could do with a chat’
Leaflet 4: ‘Someone you know is bereaved’
Leaflet 5: ‘To do list’
Leaflet 6: ‘Remember when we...’
Leaflet 7: ‘Thinking of you...’
Leaflet 8: ‘Talking to children about dying’
Leaflet 9: ‘Putting your house in order’
Leaflet 10: ‘Myth busting’
Leaflet 11: ‘Time to talk?’
Website aimed at the general public and professionals increasing awareness of dying

Preferred Priorities for Care
www.endoflifecareforadults.nhs.uk/tools/core-tools/preferredprioritiesforcare
Example of a statement of preferences and wishes

Gold Standards Framework
www.goldstandardsframework.org.uk

Table 5.2 Advance Care Planning resources in the United Kingdom (continues opposite).
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There are key communication, attitudes, behaviours and traits which 
facilitate communication, such as: 
•	 empathy (the ability to understand an individual’s feelings and 

demonstrate it); 
•	 genuineness (the ability to be yourself despite your professional role); 

and 
•	 respect (the ability to accept the patient as they are) [19].

Facilitative communication skills include: open questions (eg, ‘How 
have things been?’); open directive questions (eg, ‘How have things been 
in the last few days?’); questions with a psychological focus (eg, ‘How 
have you been feeling about the last few days?’); physical focus questions 
(eg, ‘How has your breathlessness been in the last few days?’); and questions 

Table 5.2 Advance Care Planning resources in the United Kingdom (continued).

Advance care planning resources in the United Kingdon (continued)
Health and social care professional resources

Concise Guidance to Good Practice: No 12: Advance Care Planning
www.rcplondon.ac.uk/sites/default/files/documents/acp_web_final_21.01.09.pdf
Professional guide from the Royal College of Physicians

Capacity, Care Planning and Advance Care Planning in Life Limiting Illness: A Guide for 
Health and Social Care Staff 
www.endoflifecareforadults.nhs.uk/assets/downloads/ACP_booklet_June_2011__with_links.pdf
Professional guide

Fact Sheet 2: Advance Care Planning
www.endoflifecareforadults.nhs.uk/publications/factsheet2
Overview for professionals

Advance Decisions to Refuse Treatment: A Guide for Health and Social Care Professionals
www.endoflifecareforadults.nhs.uk/publications/pubadrtguide
Professional guide

Fact Sheet 3: ADRT
www.endoflifecareforadults.nhs.uk/publications/factsheet3
Overview for professionals

The Differences Between General Care Planning and Decisions Made in Advance
www.endoflifecareforadults.nhs.uk/publications/differencesacpadrt
Chart clarifying the similarities and differences between general and ACP

Treatment and Care Towards the End of Life: Good Practice in Decision Making
www.gmc-uk.org/guidance/ethical_guidance/6858.asp
Professional guide including section on ACP

Planning Future Healthcare for People With Dementia Nearing End of Life
https://groups.its-services.org.uk/download/attachments/35686715/
Modernistation+Initiative_Planning+Future+Healthcare+for+end+of+life_Flowchart.pdf 
Flow chart demonstrating necessary steps to take when discussing advance care planning with 
an individual with dementia
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that explore the psychological or physical focus (eg, ‘You say that the 
breathlessness in the last few days has made you frightened?’ or ‘What 
frightens you when you got breathless?’). Empathy can help facilitate 
a conversation as well as enable the patient to feel validated in their 
experience (eg, ‘I can see that the breathlessness is very worrying for you’). 
Screening questions help find out more information (eg, ‘You mention 
the breathlessness; is there anything else to mention?’). Summarising 
helps to demonstrate empathy and that you have listened to the patient 
as well as confirm that you have the correct facts (eg, ‘You have told me 
that you have been more breathless in the last few days and that this is 
more frightening for you’).

There are a variety of models for breaking or communicating signifi-
cant news which are helpful in communication on the subject of COPD 
(Table 5.3) [10]. 

Symptom control
Oxygen therapy 
Although studies demonstrate a survival benefit for those using prolonged 
long-term oxygen therapy (LTOT) (>15 hours/day), no improvement 
in symptoms has been demonstrated. Equally, the use of oxygen on an 
as-needed basis is without definitive evidence to support it. However, 
small, but statistically significant (P<0.05) increases in taking a 6-minute 
walks using oxygen have been demonstrated. Overall, despite this lack 
of evidence, palliative oxygen for the management of breathlessness 
is commonly prescribed. This leads to its own problems in terms of 
treatment ‘dependence’ – patients may feel ‘tied’ to a machine, develop 
anxiety about the power supply and limit excursions outside the home. 
Abernethy et al reported on the effect of palliative oxygen versus room 
air for refractory dyspnoea, which revealed interesting results. They 
found that oxygen delivered by a nasal cannula provided no additional 
symptomatic benefit for relief of refractory dyspnoea in patients with 
life-limiting illness compared with room air, and that less burdensome 
strategies should be considered after brief assessment of the effect of 
oxygen therapy on the individual patient [20].
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Opioids 
Opioids (particularly morphine) have been used to treat refractory breath-
lessness for many years. However, there are safety concerns of respira-
tory depression and the perceived lack of evidence for their use [21]. 
In addition, there is also clinician reluctance to use opioids outside of 
the final days of life [22]. This makes it additionally challenging for the 
practitioner, considering the difficulty in prognostication or defining the 
end of life in COPD.

In 2001, Jennings et al conducted a systematic review of data on 
the use of opioids in COPD [23]. The analysis demonstrated a highly 
statistically significant effect of oral and parenteral opioids on the 
sensation of breathlessness (overall pooled effect size -0.31; 95% CI 
-0.50 to -0.13, P=0.0008). No significant adverse events were noted. 
Varkey examined the efficacy of opioids administered orally, in nebu-
lised form and other routes, in dyspnoea relief and the factors that 
inhibit the prescription and use of opioids, and concluded that opioids 
are an effective palliative drug in patients with COPD and distressing 
dyspnoea refractory to standard modalities of treatment [24]. A review 
by Horton et al of opioid responsiveness in patients with COPD high-
lighted evidence of known dimensions that contribute to the sensation 
of dyspnoea in patients with COPD, building upon clinical observational 
experience to generate a conceptual model of opioid responsiveness 
[22]. They proposed a ‘dyspnoea target’ and ‘opioid responsiveness 
score’ as a means of more clearly defining the sensations encountered 
by a given patient and the likelihood of symptomatic improvement in 
response to opioids – an area for future research. Further evidence 
on the multidimensional aspects of dyspnoea will also provide more 
insights into the understanding of its role in COPD. 

The alleviating effects of opioids on breathlessness can occur at low 
doses and persist for longer than expected. A ‘start low and step up’ 
approach is recommended, eg, a starting dose of 1.25–2.5 mg immedi-
ate-release morphine every 4 hours (with concurrent antiemetics and 
laxatives). Often the immediate-release morphine can be switched to 
a 12-hour long acting formulation once a stable regular dose has been 
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Models that can lend structure to Advance Care Planning discussions
SPIKES PREPARED SAGE & THYME CALGARY-CAMBRIDGE

Prepare for the 
discussion: Check 
patient’s diagnosis 
and results; privacy; 
significant others

Relate to the person: 
Develop rapport and 
show empathy

Setting: Create 
privacy and choose 
right time to discuss 
emotions and 
concerns 

Initiating the session: 
Establish initial rapport; 
identify reason for 
consultation with open 
questions; listen without 
interrupting; confirm 
and screen for further 
problems; negotiate 
agenda

Perception: 
The ‘before you 
tell, ask’ principle; 
you should 
glean a fairly 
accurate picture 
of the patient’s 
perception of their 
medical condition

Elicit patient 
and caregiver 
preferences: Clarify 
aim of meeting; 
elicit patient’s 
understanding and 
expectations

Ask: Specific 
questions about 
feelings

Gather: Make a list 
of things the patient 
tells you

Empathy: See below

Talk: Ask if patient 
has anyone they can 
talk to

Help: Have they 
been helped in 
the past?

You: ‘What do you 
think would help?’

Me: ‘Would you like 
me to do anything?’

Gathering information: 
Explore patient’s 
problems; open to 
closed questions; listen 
attentively; facilitate 
patient responses; pick 
up cues; clarify unclear 
statements; summarise 
periodically; use clear 
questions; establish 
a sequence of events; 
explore patient’s ideas, 
concerns, expectations 
and feelings

Invitation: Check 
how much patient 
wants to know 
about diagnosis 
and treatment; 
obtaining overt 
permission 
respects the 
patient’s right to 
know (or not to 
know)

Provide 
information: Offer to 
discuss issues, giving 
patient option not to 
discuss it

Providing structure: 
Summarise 
appropriately; signpost; 
use logical sequence; 
keep to time

Table 5.3  Models that can lend structure to Advance Care Planning discussions (continues 
opposite).
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Table 5.3  Models that can lend structure to Advance Care Planning discussions (continued). 
By permission of [10].

Models that can lend structure to Advance Care Planning discussions 
(continued)
SPIKES PREPARED SAGE & THYME CALGARY-CAMBRIDGE

Building relationship: 
Use appropriate non-
verbal behaviour; 
develop rapport, use 
empathy, provide 
support; involve patient

Knowledge: Give 
information at 
patient’s pace 
using the same 
language as them; 
‘chunk and check’

Provide information: 
Give information 
at patient’s pace, 
using clear language; 
explain uncertainty; 
consider caregiver’s 
and family’s 
information needs

Explanation and 
planning: Correct 
amount and type of 
information; aid recall 
and understanding; 
shared understanding; 
shared decision-making

Empathy: Listen 
for, identify, 
acknowledge and 
validate emotions

Acknowledge 
emotions and 
concerns: Explore, 
acknowledge and 
respond to fears, 
concerns and 
emotions

Empathy: Use 
silence, give space, 
reflect patient’s 
feelings

(Foster) Realistic 
hope: Be honest, 
offering appropriate 
reassurance but not 
false hope

Encourage 
questions and 
further discussions: 
Check understanding; 
emphasise discussion 
can be ongoing

Strategy and 
summary: 
Summarise 
discussion, 
giving chance 
for questions or 
concerns; clarify 
next steps

Document: 
Write summary of 
discussion; contact 
other relevant 
practitioners

End: Reflect, 
acknowledge and 
conclude meeting, 
emphasizing main 
points

Closing and planning: 
Forward planning; 
summary; final check
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established. Opioids should be used only for the relief of dyspnoea, pain 
and sometimes cough. If and when sedation is needed, then judicious 
use of benzodiazepines may be considered.

Nebulised opioids 
It is thought that nebulised opioids may act on a local level on peripheral 
receptors in small airways. Much like the data on oral opioids, the data 
for nebulised formulations are inconsistent across different advanced 
respiratory diseases. This approach is not routinely used. 

Benzodiazepines
This group of drugs is sometimes used to relieve anxiety in the breath-
less patient, although caution should be used when considering them for 
patients with COPD. A review of 14 studies (200 patients with COPD and 
advanced cancer) found no evidence for a beneficial effect of benzodiaz-
epines for the relief of breathlessness in this group of patients [25]. There 
was a slight but nonsignificant trend towards a beneficial effect, but the 
overall effect size was small. Benzodiazepines caused more drowsiness as 
an adverse effect than placebo, but less than morphine. These results justify 
considering benzodiazepines as a second- or third-line treatment within an 
individual therapeutic trial, when opioids and nonpharmacological meas-
ures have failed to control breathlessness [25]. Lorazepam 1–2 mg PRN 
and diazepam 2–5 mg BD or PRN can be helpful in emergency situations 
as well as diazepam 2–5 mg BD or PRN [26]. Occasionally, midazolam 
is also used and can be administered buccally as well as parentally [27].

Psychotropic drugs 
The use of psychotropic agents in some individuals, including anxiolytics, 
phenothiazines and selective serotonin reuptake inhibitors, for the treat-
ment of refractory dyspnoea has attracted some attention in the last few 
years due to the psychological component of refractory dyspnoea [28].

Emerging data 
There has been a great deal of interest in treating refractory dyspnoea with 
therapies aimed at altering the perception of dyspnoea [29]. Investigators 
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have looked at oral, nebulised, parenteral and inhaled opioids, psycho-
tropic drugs, inhaled furosemide and heliox. Recent reports from Horton 
and Rocker [30] and Ora et al [31] found that current evidence supports 
further work in these areas. However, caution still needs to be applied. 
Inhaled furosemide has been studied in patients with COPD [32]. The 
rationale for its use is weak and based upon some properties as a cough 
suppressant and bronchodilator. On the other hand, furosemide may 
also act indirectly on vagally mediated sensory nerve endings in airway 
epithelium [33]. Studies have demonstrated a decrease in breathlessness 
as well as an increase in exercise capacity [36]. 

Heliox 28 is a helium/oxygen mixture containing 72% helium and 
28% oxygen. This gas mixture has a low viscosity and so may decrease the 
work of breathing and thus reduce breathlessness. A recent multicentre, 
prospective, randomised, controlled trial carried out in seven intensive 
care units in Italy (N=204) showed only small trends favouring heliox 
[34]. Thus far, studies are inconclusive and the use of oxygen alone is 
probably as beneficial and more cost-effective. 

TORCH (Towards a Revolution in COPD Health), a 3-year, multicentre, 
double-blind trial, enrolled >6100 patients with COPD into one of four 
treatment arms: salmeterol (50 µg) plus fluticasone propionate (500 µg) 
administered with a single inhaler; salmeterol alone (50 µg); fluticasone 
propionate alone (500 µg); or placebo [35]. The primary endpoint was 
all-cause mortality. Compared with placebo, the salmeterol/fluticasone 
combination reduced annual rates of COPD exacerbations and improved 
quality of life. However, the reduction in all-cause mortality among 
patients with COPD in the combination therapy group did not reach the 
predetermined level of statistical significance. 

In a similar multicentre, double-blind trial, TRISTAN (Trial of Inhaled 
Steroids and long-acting β2-agonists [LABAs]), 1465 patients with COPD 
were enrolled for a period of 1 year [36]. The primary endpoint was FEV1 
after 12 months’ treatment and secondary endpoints included other lung 
function measurements, use of relief medication, respiratory symptoms, 
COPD exacerbations, health status and adverse events. There was a sta-
tistically significant benefit of the combination therapy over salmeterol 
alone in terms of FEV1, but this only amounted to 48 mL on average and 
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did not result in any significant benefit in health-related QOL. In this 
study, the LABAs alone reduced the exacerbation rate to a similar degree 
as the combination therapy or fluticasone alone. 

In a study by Stoltz et al, 208 consecutive patients with COPD exac-
erbations were analysed. Measuring procalcitonin prior to commence-
ment of antibiotic treatment gave clear indications as to which patients 
would benefit from treatment, with no long-term detriment to patient 
outcome (measured by FEV1 at 14 days, rehospitalisation rate and time 
to next exacerbation). Antibiotic prescription was reduced from 72% to 
40% (P<0.0001) [37]. 

Nonpharmacological interventions 
The systematic review by Bausewein et al of nonpharmacological meas-
ures for the treatment of breathlessness in malignant and nonmalignant 
disease (including COPD) concluded that breathing training, walking 
aids, neuroelectrical muscle stimulation and chest wall vibration can all 
help breathlessness in advanced stages of disease [38].

Pulmonary rehabilitation 
Pulmonary rehabilitation (PR) is a vital part of the care of patients with 
COPD and is recommended by all current COPD guidelines. Much of the 
patients’ experience of COPD will happen in their home setting, so PR 
programmes can help them to feel empowered and independent. There 
is strong support for patients with COPD to initiate PR within one month 
following an acute exacerbation, as PR can provide improved dyspnoea, 
exercise tolerance and health-related QOL relative to usual care [39].

A meta-analysis of 31 randomised controlled trials investigated the 
effect of PR on health-related QOL and exercise capacity in patients 
with COPD [40]. In four important QOL domains (Chronic Respiratory 
Questionnaire scores for dyspnoea, fatigue, emotional function and 
mastery), the effect was larger than the minimal clinically important dif-
ference of 0.5 units. Statistically significant improvements were noted in 
two of the three domains of the St. George’s Respiratory Questionnaire. 
Six-minute walking distance was improved, although slightly below 
threshold for clinical significance (weighted mean difference 48 m; 
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95% CI, 32–65; n=16 trials). This study reiterates the important and 
worthwhile objectives of PR [40]. 

Nutrition 
Malnutrition is not uncommon in patients with COPD and weight loss 
can become particularly severe as the disease advances. Consequences of 
weight loss include muscular weakness leading to impaired lung function 
and breathlessness. Nutritional support is a simple, effective intervention 
in the management of patients with severe COPD. 

Psychosocial support 
Providing psychosocial support is a fundamental part of caring for any 
patient with chronic illness, but it becomes more important as patients 
begin to decline and experience increasing functional limitations. Patients 
and carers need help in coping with the illness and the changes occurring 
in their lives. Psychological support can include a variety of approaches 
in COPD, from advanced communication skills to cognitive behavioural 
therapy (CBT). Livermore et al [41] report the value of the CBT approach 
in panic attacks in COPD. Similarly, results from a randomised controlled 
trial of 25 patients indicated that CBT may provide rapid symptom relief for 
patients with COPD and clinically significant anxiety and depression [42].

Breathing techniques 
Several controlled breathing techniques, including positioning and pursed 
lip breathing, may be useful in the management of breathlessness. For 
example, pursed lip breathing has been shown to decrease air trapping 
by increasing positive end-expiratory pressure and preventing dynamic 
airway collapse. Findings from a recent study also support the idea that a 
handheld fan directed to the face reduces the sensation of breathlessness 
and may be recommended as part of a management strategy for treating 
breathlessness associated with advanced disease [43].

Breathlessness clinics 
For some time now, ‘breathlessness clinics’ have been run by nurse practi-
tioners and physiotherapists, although they primarily serve patients with 
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lung cancer [27]. Hately et al [45] reported highly significant improve-
ments in breathlessness, functional capacity, activity levels and distress 
levels in patients with lung cancer who had visited a breathlessness 
clinic. The percentage of patients experiencing breathlessness several 
times or more per day was reduced from 73% to 27% four weeks later 
While similar studies have not been conducted in patients with COPD, 
they could potentially derive the same benefit [27].

The future of palliative care in COPD 
As individuals continue to live longer, the number of patients with end-
stage COPD patients will increase. Palliative interventions for those with 
advanced COPD have the potential to reduce the suffering caused by this 
progressive disease. Coordinating, planning and delivering care across 
the settings will need to be carefully coordinated with established pallia-
tive and respiratory care services. Recognising the physical, emotional, 
psychological, social and spiritual needs of this group of patients will aid 
this planning and delivery of services. There need to be additional studies 
about the experience of living with COPD, the mechanisms of dyspnoea 
and symptom control management plans. The ACP process and the com-
munication skills that are part of that process will need to be facilitated by 
a confident and competent workforce in order to increase the possibility 
of patients living and dying in their preferred place of care and death. 
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Chapter 6

The future of COPD

The past 10 years have seen major changes in the way we look at chronic 
obstructive pulmonary disease and how we manage it. At present, we 
still have yet to find a therapy that changes the prognosis or reverses 
disease progression [1], with smoking cessation being the only effective 
intervention to achieve this. 

New bronchodilators 
Bronchodilators are currently the main treatment used for the relief of 
breathlessness in COPD, but they do not directly affect the underlying 
disease process even though they are effective at reducing exacerbation 
rates. Long-acting bronchodilators are the preferred therapy, including 
the anticholinergic (anti-muscarinic) tiotropium bromide and the long-
acting β2-agonists (LABAs) salmeterol and formoterol. Importantly, there 
is an additive effect between tiotropium and formoterol (Figure 6.1) [2]. 
Thus, possibilities exist for the development of fixed-combination inhalers 
containing both a long-acting anticholinergic and a LABA, particularly 
an ultra-LABA (uLABA). This emerging combination modality is now an 
area of fierce competition.

The long-acting muscarinic antagonist (LAMA) aclidinium bromide 
was approved in the United States and Europe in July 2012 [3,4]. 
Glycopyrronium bromide was approved in Europe in October 2012 and 
an application is expected to be filed in the United States in 2014. Several 
other LAMAs with an action of over 24 hours are now in development, 
including glycopyrrolate and LAS34273 (Table 6.1) [5,6]. Currently 
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available LABAs need to be given twice a day, and so are not ideal for 
the fixed LABA/LAMA combination. Table 6.2 lists novel LABA/LAMA 
combinations in development [5,7]. The uLABA indacaterol was approved 
in Europe in 2009 and in the United States in 2011 [8,9]. Some uLABAs 
in development are listed in Table 6.3 [5,7,10]. Theoretically, LABA/cor-
ticosteroid combination inhalers should be more effective than LABAs or 
corticosteroids alone owing to increased glucocorticoid receptor trans-
location. This has been reflected in data from the Towards a Revolution 
in COPD Health (TORCH) study [11]. Primary endpoint all-cause mor-
tality rates were 12.6% in the combination therapy group, 15.2% in the 
placebo group, 13.5% in the salmeterol group and 16.0% in the flutica-
sone group, although the difference did not reach clinical significance. 
In the future, it should be feasible to put all three medications together 
(uLABA, LAMA and a once-daily steroid). This could further enhance 
any potential additive effects of these drugs. 

Effects on FEV1 after 6 weeks of bronchodilator treatment in patients with 
severe COPD

Figure 6.1  Effects on FEV1 after 6 weeks of bronchodilator treatment in patients with 
severe COPD. Mean FEV1 (adjusted for period, centre and patient within centre) before and 
during 24 hours after the inhalation of tiotropium once daily (), formoterol twice daily () and 
tiotropium plus formoterol once daily () at the end of the 6-week treatment period. Reproduced 
with permission from [2].
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Novel LAMAs undergoing development

Drug Advantages
Latest  
developments

Company working  
on this strategy

Umeclidinium 
bromide

Long duration of action when 
administered via inhalation in 
animal models supports the 
potential for use as a once-
daily bronchodilator for COPD. 
Clinical data have not been 
disclosed

Phase III GlaxoSmithKline, 
London, UK

TD-4208 Significant improvement in 
lung function versus placebo; 
comparable to ipratropium 
bromide. Rapid mechanism 
of action. Well tolerated; most 
common side effects are 
headache and dyspnoea

Phase IIa Theravance,  
South San Francisco, 
CA, USA

CHF 5407 An antagonist as potent and 
long-acting as tiotropium on 
human M3 muscarinic receptors, 
but significantly short-acting on 
M2 receptors. Duration of action 
is similar to that of tiotropium

Phase I/II Chiesi Farmaceutici, 
Parma, Italy

Table 6.1  Novel LAMAs undergoing development. LAMAs, long-acting anti-muscarinic 
antagonists; ACCLAIM: AClidinium CLinical Trial Assessing Efficacy and Safety In Moderate to 
Severe COPD Patients. Data adapted from [5,6].

More effective smoking cessation 
Smoking cessation is a vital part of COPD management. Clinicians should 
be prepared to intervene in cases where patients are willing to quit; sup-
portive strategies such as the ‘five As’ (ask, advise, assess, assist, arrange) 
can be beneficial (see Table 6.4) [12]. However, current smoking ces-
sation strategies, including behavioural approaches, hypnosis and nico-
tine replacement therapy (NRT), have very low success rates, although 
recently it has become clear that prior use of NRT before smoking cessa-
tion can improve quit rates. One of the most effective pharmacological 
agents available is bupropion, but in patients with COPD the annual quit 
rate is only 15%. This indicates that more effective smoking cessation 
therapies are needed in the future. Several new classes of non-nicotinic 
drugs for smoking cessation are now in development (see Table 6.5). 
Varenicline, a partial nicotine agonist which targets the α4β2-nicotinic 
acetylcholine receptor, was licensed in 2006. Despite carrying a black-box 
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drug warning when the long-term results of two licensing studies were 
pooled (Table 6.6), varenicline more than doubled the odds of stopping 
smoking compared with placebo (odds ratio [OR] 2.82; 95% confidence 
interval [CI] 2.06–3.86) and was significantly better than bupropion 
(OR 1.56; 95% CI 1.19–2.06) [13,14]. 

Another approach that may have longer term benefits is the develop-
ment of a vaccine against nicotine, which stimulates the production of 
antibodies that bind nicotine so that it cannot enter the brain. However, 

Novel combinations of LABAs and LAMAs undergoing development

Drug(s) Advantages
Latest  
developments

Company working  
on this strategy

Vilaterol/ 
umeclidinium 
bromide

Statistically significant 
improvements in lung function 
vs. placebo, vilaterol alone, and 
tiotropium. Few serious side effects 

Phase III GlaxoSmithKline, 
London, UK/ 
Theravance, South 
San Francisco, CA, USA

Indacaterol/
glycopyrronium 
bromide  
(QVA-149)

Superior effect on lung outcome 
and functions

Phase III Novartis, Basel, 
Switzerland

Aclidinium/
formoterol  
(LAS40464)

No data presented yet. It should be 
established whether formoterol can 
be administered on a once-daily basis

Phase III Almirall Prodesfarma, 
Barcelona, Spain

Olodaterol/
tiotropium

Significant improvements in lung 
function over 24 hours versus 
olodaterol alone. Safe and well 
tolerated. Current Phase III program 
(TOviTO) underway

Phase II/III Boehringer Ingelheim, 
Ingelheim, Germany

Glycopyrrolate/
formoterol 
(PT003)

Significant improvement in peak 
expiratory flow rates compared 
with its individual components 
and tiotropium. Reduced albuterol 
usage. Safe and well tolerated.

Phase IIb Pearl Therapeutics, 
Redwood City, CA, 
USA

GSK-961081 It is both a muscarinic antagonist 
and a β2-adrenoceptor agonist. 
It is at least equivalent to 50 µg 
salmeterol b.i.d. plus 18 µg 
tiotropium q.d.

Phase II GlaxoSmithKline, 
London,  
UK/Theravance,  
South San Francisco, 
CA, USA

Carmoterol/
tiotropium

No data presented yet Phase I/II Chiesi Farmaceutici, 
Parma, Italy

Formoterol/
dexpirronium

No data presented yet. It should be 
established whether formoterol can 
be administered on a once-daily basis

Phase I Meda 
Pharmaceuticals, 
Solna, Sweden

Table 6.2  Novel combinations of LABAs and LAMAs undergoing development. LABAs, long-
acting β2-agonists; LAMA, long-acting anti-muscarinic antagonists. Data adapted from [5,7].
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uLABAs undergoing development

Drug Advantages
Latest  
developments

Company working  
on this strategy

Carmoterol Binds very firmly to the 
β2-adrenoceptor. Highly potent 
and selective. Displays fast onset 
and long duration of activity in 
both asthma and COPD at very 
low dosage (2–4 µg)

Launch aimed  
for late 2013 

Chiesi Farmaceutici, 
Parma, Italy

Vilanterol Potent, selective 
β2-adrenoceptor agonist. 
Displays a long duration of 
activity in both asthma and 
COPD. Safe and well tolerated, 
with the most frequently 
reported adverse event being 
headache. 

No plans for  
single launch —  
will concentrate  
on combinations

GlaxoSmithKline, 
London,  
UK/Theravance,  
San Francisco,  
CA, USA

Olodaterol potent β2-adrenoceptor agonist. 
Seems to be equivalent to 
formoterol for speed of onset 
and efficacy, but with a longer 
duration of action. Displays a 
long duration of activity(24-h) in 
both asthma and COPD

Phase II/III Boehringer 
Ingelheim, 
Ingelheim, 
Germany

Abediterol 24-h duration of activity 
in asthma

No plans for single 
launch — will 
concentrate on 
combinations with 
inhaled corticosteroids

Almirall 
Prodesfarma, 
Barcelona, Spain

Table 6.3  uLABAs undergoing development. ulaBas, ultra-long-acting β2-agonists. 
Data adapted from [5,7,10].

the first nicotine vaccine to make it to that stage failed two large Phase III 
trials, as efficacy was found to be no different from placebo. It is unclear 
as to whether further development will continue.

The problem of corticosteroid resistance in COPD 
In sharp contrast to patients with asthma, patients with COPD show 
a poor response to inhaled corticosteroids, suggesting that there is a 
degree of resistance to their anti-inflammatory effects. There may be 
several reasons for corticosteroid resistance in COPD; one of the most 
convincing is a reduction in the nuclear enzyme histone deacetylase 2 
(HDAC2), which is recruited by the activated glucocorticoid receptor to 
switch off inflammatory gene transcription. There is a marked reduction 
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Drugs for smoking cessation
Current therapies

Nicotine replacement

Bupropion

Varenicline

Future therapies

Gamma-aminobutyric acid B agonists

Nicotine vaccine

Table 6.5  Drugs for smoking cessation.

The ‘five As’ strategy for patients willing to quit tobacco use
Ask Systematically identify all tobacco users at every visit

Implement a system that ensures that for every patient at every clinic visit, tobacco 
use status is queried and documented

Advise In a clear, strong and personalised manner, urge every tobacco user to quit

Assess Determine willingness to make a quit attempt

Ask every tobacco user if he or she is willing to make a quit attempt at this time (ie, 
within the next 30 days)

Assist Aid 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

Provide supplementary materials

Arrange Schedule follow-up contact, either in person or via telephone

Table 6.4  The ‘five As’ strategy for patients willing to quit tobacco use. Adapted from [12].

in HDAC2 activity in the peripheral lung, preventing corticosteroids from 
switching off inflammation [15]. This reduction in HDAC2 appears to be 
the result of oxidative and nitrative stress, both of which are increased in 
patients with COPD. This provides an alternative strategy for the devel-
opment of new treatments. Theoretically, antioxidants should reverse 
corticosteroid resistance, but current drugs are not efficient. Inhibitors 
of nitric oxide generation should also be effective, and several potent 
inhibitors of inducible nitric oxide synthase are now in clinical devel-
opment. Unexpectedly, low-dose theophylline seems to act as a novel 
HDAC activator and is able to reverse corticosteroid resistance in both 
animal models of smoking and cells taken from humans with COPD [16]. 
Two recent studies [17,18] have explored whether theophylline can 
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Cessation rates of two randomised controlled outcome trials
End of treatment One-year follow-up

Study 1 Study 2 Study 1 Study 2

Varenicline 44 44 22 23

Bupropion 30 30 16 15

Placebo 18 18 8 10

Table 6.6  Cessation rates of two randomised controlled outcome trials. Treatment is for 
12 weeks. Numbers in table are % abstinent (weeks 9–12 in ‘end of treatment’). Conventional 
rounding was used: 0.1–0.4, rounded down; 0.5–0.9, rounded up. Data from [13,14].

reverse steroid resistance in patients wth COPD. It is hopeful that 
this will lead to the development of a large clinical trial to determine 
whether disease progression can be halted. This would revolutionise the 
management of COPD. Furthermore, theophylline is inexpensive and 
raises no safety concerns when the low doses (~5–10 mg/L) required 
to increase HDAC levels are used. 

New treatments for COPD 
New therapies are desperately needed for COPD, particularly anti-inflam-
matory therapies to prevent exacerbations and disease progression [19]. 
Testing drugs in COPD is a major challenge. High dropout rates make 
it difficult to devise long-term large studies. However, proof-of-concept 
clinical studies are more easily performed. There is some research inter-
est in the molecular and cell biology of COPD in order to identify novel 
therapeutic targets. Animal models of COPD for early drug testing are 
poor and focus on emphysema, rather than the small airway disease 
that appears to underlie the progressive loss of FEV1 and the increasing 
symptoms over time that are characteristic of COPD. Better animal models 
that have predominantly small airway disease are urgently needed. 

There are also uncertainties about how to test drugs for COPD, which 
may require long-term studies (over 1 year) in relatively large numbers 
of patients at an enormous cost. For example, the TORCH trial, which 
looked at the effects of drug intervention on mortality, cost several 
hundred million dollars. Furthermore, many patients with COPD will 
have comorbidities such as ischaemic heart disease and diabetes, which 
may exclude them from clinical trials of new therapies. There is little 
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information about how surrogate markers like biomarkers in the blood, 
sputum or breath, may help to monitor the short-term efficacy and predict 
the long-term potential of new treatments. Finally, it is difficult to accu-
rately measure small airway function in patients with COPD, so there 
is a need to develop better tests of small airway function that are not 
affected by emphysema or abnormalities of large airway function [20]. 

Several new classes of anti-inflammatory drugs are now in clini-
cal development for COPD. The most advanced of these new drugs are 
phosphodiesterase (PDE)4 inhibitors, which increase cyclic adenosine 
monophosphate concentrations in inflammatory cells and have a broad 
spectrum of anti-inflammatory effects (Figure 6.2) [21–23]. The dose 
has been limited by side effects, particularly nausea and gastrointestinal 
problems. In 2011, roflumilast was approved by the FDA as an add-on 
treatment to reduce the risk of COPD exacerbations in patients with severe 
COPD associated with chronic bronchitis and a history of exacerbations 
[24]. More selective inhibitors (PDE4B inhibitors) and administration 
through inhalation (although this too has proved disappointing) are 
currently being investigated to try and limit side effects.

Several other broad-spectrum anti-inflammatory therapies are cur-
rently under investigation (Figure 6.2), but most of these are likely to 
have side effects when given systemically, so inhaled administration 
may be required.

Mediator antagonists 
Many mediators are now implicated in COPD, including lipid mediators 
and cytokines [25]. Although inhibiting specific mediators, by receptor 
antagonists or synthesis inhibitors, is a relatively easy approach, this is 
unlikely to produce very effective drugs owing to the large amount of 
redundancy within these biological systems, an example of which is the 
failure of p38 blockade in rheumatoid arthritis (although this may be a 
useful therapy in acute exacerbations of COPD). The premise of media-
tor blockade is to ‘take out’ the insulting raised cytokine/chemokine 
(Figure 6.3) [23]. This can be achieved by small molecule inhibition (low 
molecular weight) or biological targeting through receptor or moiety 
antibody blockade (high molecular weight or so-called ‘biologics’). 
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Potential targets in COPD: role of anti-inflammatory drugs 

Figure 6.2  Potential targets in COPD: role of anti-inflammatory drugs. Cigarette smoke and 
other irritants activate macrophages in the respiratory tract that release multiple chemotactic 
factors that attract neutrophils, monocytes and T-lymphocytes (particularly CD8* cells). Several 
cells also release proteases, such as neutrophil elastase (NE) and matrix metalloproteinase-9 
(MMP-9), which break down connective tissue in the lung parenchyma (emphysema) and also 
stimulate mucus hypersecretion (chronic bronchitis). CD8* may also be involved in alveolar wall 
destruction. This inflammatory process may be inhibited at several stages (shown in boxes). PDE, 
phosphodiesterase; IKK, inhibitor of nuclear factor-ĸB kinase; MAPK, mitogen-activated protein 
kinase; PI3K, phosphoinositide-3-kinase; PPAR, peroxisome proliferator activated receptor; COB, 
chronic obstructive bronchitis; TGF, transforming growth factor; CB, cannabinoid; EGFR, epithelial 
growth factor receptor. Reproduced with permission from [23].
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Further engineering of these molecules can improve efficacy, eg, the 
development of nanobodies and diabodies. Anti-TNF antibodies are 
currently used to treat patients with severe rheumatoid arthritis and 
inflammatory bowel disease, but so far these appear to be disappointing 
in COPD. An IL-8-blocking antibody has also proved to be largely inef-
fective in COPD. Although other biological targets are being pursued, 
it remains to be seen whether the efficacy of these products can be 
measured in an acceptable timeframe. 

Protease inhibitors 
Several proteases, particularly elastases, have been implicated in alveo-
lar destruction, and are a target for therapy in patients with COPD and 
emphysema. Proteases may be inhibited by administering their endog-
enous antiproteases, such as α1-antitrypsin, or small molecule inhibitors. 
So far, no clinical studies have demonstrated that these approaches have 
any effect in COPD. 

Potential targets in COPD: chemokines and chemokine receptors 

Figure 6.3  Potential targets in COPD: chemokines and chemokine receptors. Several 
chemokines and chemokine receptors are involved in the inflammation of COPD. Chemokines 
released from epithelial cells and macrophages in the lung recruit inflammatory cells (Tc1 CD8* T 
lymphocytes, neutrophils and monocytes) from the circulation. Small molecule chemokine receptor 
agtagonists are now in development (shown in boxes). Reproduced with permission from [23].
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Lung repair 
COPD is largely irreversible, but it is possible that efforts to enhance the 
remodelling process may restore lung function. There has been particular 
interest in retinoic acid, which is able to reverse experimental emphysema 
in rats; however, this is unlikely to work in humans, whose lungs do not 
have the same regenerative capacity. There are now small mediators that 
have been specifically implicated in restorative functions, eg, resolvins, 
and these may be of interest in the future. Another novel approach that 
is being actively explored is the use of stem cells (distil airway stem cells 
expressing p63/Krt5) to regenerate epithelial/alveolar cells within the 
lung, though the possibility of unchecked cellular division could lead to 
an unacceptable increase in solid tumour growth. 

Biomarkers of COPD 
Predicting disease susceptibility to the effects of cigarette smoke is perhaps 
the most important potential use of any biomarker in COPD. Efforts in this 
area in particular genetic analysis of single nucleotide polymorphisms 
using gene-chip technology, have yet to make a breakthrough. Whilst the 
search continues for useful disease indicators, the use of pro-calcitonin 
in the prognostication of exacerbation severity has shown some promise. 
Tools are being developed which help predict exacerbations, such as the 
EXACT-PRO model advocated by the FDA and the DOSE Index [26,27]. 
Ultimately, these may be made available to patients via PDA (personal 
digital assistant) platforms. Sensitive measures of small airway function 
are now being more widely used, such as X5 (reactance) using impulse 
oscillometry and the older technique of multiple breath nitrogen washout. 
New imaging techniques, such as MRI scanning with radiolabelled helium 
and xenon, also offer promise as they do not involve large amounts of 
ionising radiation, a problem with high-resolution computed tomography. 
The use of the apparent diffusion coefficient within this context shows 
promise. Utilizing autofluoresence to directly image cells within the 
alveoli/terminal airways also has a great deal of potential [28]. Induced 
sputum is still employed in many proof-of-concept trials. It is now widely 
accepted that sputum neutrophils and IL-8 are good valid measures of 
airway inflammation if used correctly. 
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Routes of drug delivery 
Traditionally, drugs for airway diseases are given by inhalation, but inhaler 
devices usually target larger airways, such as those implicated in asthma. 
In COPD, the inflammation is mainly in the smaller airways and the lung 
parenchyma, suggesting that inhalers which deliver drugs more peripherally 
may be more useful. Small particle inhalers, such as hydrofluoroalkane–
beclomethasone propionate, used for asthma control, may be attractive 
in COPD because the inhaled drug would reach the lung periphery. Small 
volume nebulisers, eg, Respimat® Soft Mist™ inhaler, may also prove more 
effective, through low flow and a reduced particle size via a ‘mist’ formu-
lation. Recent studies comparing the Handihaler and Respimat inhalers 
showed equivalent efficacy, measured by trough FEV1 (5 µg Respimat SMI 
tiotropium versus 18 µg HandiHaler [29,30]). Oral therapy may treat sys-
temic complications such as muscle wasting, weight loss and osteoporosis, 
which are a problem in patients with severe disease, although this carries 
an increased risk of side effects. Another experimental approach could 
exploit specific cell uptake mechanisms in target cells, such as macrophages. 

Nonpharmacological treatments 
Several nonpharmacological treatments are increasingly used as a com-
plement to drug therapy. Nutritional supplements may have some benefit, 
but most research has focused on pulmonary rehabilitation (PR). This 
has been shown to improve exercise performance and health status in 
patients with COPD [31]. Pulmonary rehabilitation also reduces the 
utilisation of healthcare resources. Future PR programmes are likely to 
be community-based and consist of highly focused interactive sessions. 
Ongoing care taking place after the initial PR programme, including 
telephone calls, could be beneficial and may improve the long-term 
outcome, although this has not been studied systematically. An impor-
tant area of development is the positive interaction between PR and 
current pharmacological therapies, particularly bronchodilators. Also, 
non-invasive ventilation in patients with severe ventilatory limitation 
appears to enhance the effects of exercise training. 

In the future, better predictors of response are required, together 
with strategies that combine PR with other therapies such as treatments 
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to enhance muscle strength. Unfortunately, one of the major barriers to 
the implementation of PR is the availability of trained staff. An organ-
ised integrated PR programme should be available to all patients seen 
at any tertiary referral unit. 

Integrated care 
It is now apparent that COPD is a highly complex disease with several 
systemic manifestations as well as associations with severe comorbidities, 
particularly cardiovascular disease. This means that a multidisciplinary 
approach is needed, with the participation of respiratory specialists, GPs, 
specialist nurses, physiotherapists and others (Figure 6.4) [32]. There 
will be a trend towards evaluating not only airflow limitation, but also 
systemic effects and comorbidities to optimise QOL. 

COPD in the developing world 
As Western governments impose smoking bans and legislate against 
smoking advertising, tobacco companies are increasingly turning their 
attention to the developing world. Higher levels of cigarette smoking 
correlates well with greater prosperity. Thus, not only will the burden of 
COPD increase but also the prevalence of other smoking-related diseases, 
leading to more premature deaths. For example, Central and Eastern 
Europe have the highest lung cancer rates in the world for men [33]. Low 
birth weight and the burning of biomass fuels also amplify the risks of 
cigarette smoke exposure. Emerging economies need the support of the 
developed world in order to prevent a forthcoming epidemic of COPD 
and smoking-related diseases. The developed world must set the agenda 
for change and lead by example. The countries of Eastern Europe, India 
and China are at risk of repeating all of the mistakes made in Western 
Europe and the United States in the 1960s and 1970s. 

Conclusions 
Over the next 10 years, there are likely to be various developments that 
will improve the management of COPD. Combination long-acting broncho-
dilators are the treatment of choice for symptom relief and reduce exacer-
bation rates, but there is a pressing need for effective anti-inflammatory 
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Management of COPD requires a multidisciplinary approach

Figure 6.4  Management of COPD requires a multidisciplinary approach. *Use anticholinergic 
bronchodilators first, once at maximum dose, then add β2-agonist bronchodilators. †Dosing regimen 
used in the SCOPE trial: 3 days intravenous methylprednisolone, 125 mg every 6 hours followed by 
oral prednisolone, taper to complete the 2-week course (60 mg/day on days 4–7, 40 mg/day on days 
8–11, and 20 mg/day on days 12–15). ‡Use narrow-spectrum antibiotics: the agents favoured in the 
trials were amoxicillin, trimethoprim–sulphamethoxazole and tetracycline. §Non-invasive positive 
pressure ventilation should be administered under the surpervision of a trained physician. There are 
multiple compo nents of COPD that need to be taken account in the management of this complex 
disease. This requires integrated care and a multidisciplinary approach. ER, emergency room; NIPPV, 
non invasive positive pressure ventilation; PEFR, peak expiratory flow rate; URTI, upper respiratory 
tract infection. Adapted from [32].
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treatments, particularly in patients who have ceased smoking. It is hoped 
that this will prevent disease progression. Various biomarkers are being 
developed to monitor pulmonary inflammation in COPD. Pulmonary 
rehabilitation is now well established and could be delivered more in the 
community in the future. In short, COPD is a multidimensional disease 
that requires an integrated multidisciplinary approach. 
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