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This book brings a new approach to the subject of chronic obstructive
pulmonary disease, highlighting the current areas of controversy and
debate. It addresses many of the key issues surrounding the disease, its
causes, clinical assessment and management. 

Internationally renowned experts critically appraise the literature and
combine this with their own clinical and research experience to present an
informed view of a wide range of issues. Arguments are therefore supported
by the most recently available evidence.

Chronic Obstructive Pulmonary Disease: Critical Debates provides the
reader with an up-to-date interpretation of the clinical trial data in this field
and their relevance to daily practice.
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Preface

ix

COPD is a challenge to health systems across the world. As cigarette smoking
increased during the 20th century so the prevalence of COPD increased in its
wake. Acute exacerbations of COPD are the second most common cause of
admission to UK hospitals. Over 5% of people aged over 60 in the UK are 
affected and seeking help to relieve their symptoms. Not all countries are as 
severely affected as the UK but in most countries across the world cigarette
smoking is increasing and with it so is the prevalence of COPD. The World
Health Organization predicts that by the year 2020, COPD will be the fourth
most common cause of death worldwide.

Until quite recently there was little medical interest in COPD but a surge of
interest has been stimulated by the development of simple measurements, and
by inhaled drugs that relieve the symptoms at least in part. Although the dam-
age caused by smoking cannot be reversed, the COPD patient’s life quality can
be significantly improved and in some cases their life expectancy improved
too.

The research world has woken up to these possibilities and the burgeoning
number of sessions at international meetings allocated to COPD is testament
to the amount of new effort devoted to the disease. Now the pharmaceutical
industry has developed a range of products of proven benefit; and more are on
the way.

This book has an unusual format. It is not intended to be a textbook for the
expert, and makes no attempt to be comprehensive in its coverage. Instead our
contributors were asked to discuss COPD topics that the average clinician
(doctors, nurses and allied health professionals) would be able to read easily
and find interest in. The questioning format has allowed our contributors to
select from the many issues that could be discussed and so inevitably some sub-
jects have not been covered (so apologies if your pet concern is not described).
Nevertheless we hope that there is plenty to interest all those who manage 
patients with COPD in primary and secondary care and they will be 
stimulated to want to know more about this all too common disorder. This is
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a rapidly developing field with many exciting and interesting developments
that are being translated into direct patient care.

We hope that those who read this book are left with an enthusiasm that
COPD is not a ‘no-hope’ disorder and will want to do more for their patients.
Much can and should be done that will benefit not only the patients directly
but also their families and thus society. But if we are to succeed we need not
only to recognize what can be done, we also have to put into place systems that
ensure it really is done.

Mike Pearson
Wisia Wedzicha
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1: The aetiology and epidemiology of
chronic obstructive pulmonary disease

John Corless

Introduction

Chronic obstructive pulmonary disease (COPD) is a leading cause of morbid-
ity and mortality throughout the world. It is the fourth commonest cause of
death in the United States after ischaemic heart disease (IHD), cancer and cere-
brovascular disease. Unlike IHD and cancer, however, COPD suffers from an
‘image problem’. Surely no other disease of similar impact can have as many
different names —chronic obstructive airways disease, chronic obstructive
lung disease, chronic bronchitis and emphysema, to name a few. Similarly, per-
sonal experience suggests that only a minority of patients know the name of
the disease from which they suffer. The precise definitions used to diagnose the
condition are open to contention and debate, based on assessment of symp-
toms and interpretation of spirometry. As the most important aetiological fac-
tor is smoking, the disease is often regarded as self- inflicted —and in turn,
patients are at times viewed less sympathetically than those with malignancy,
for example.

Despite the difficulties that arise from varying nomenclature and defini-
tions, there is no doubt that COPD has a major impact on global health, par-
ticularly in the developed world. This chapter seeks to address the following
issues:
• Does all COPD result from smoking?
• Other aetiological factors in the pathogenesis of COPD
• The global impact of COPD
• The natural history of COPD
• The future of COPD.

The aetiology of COPD

Does all COPD result from smoking?

The evidence that cigarette smoking is a major cause of lung cancer and COPD
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has been derived from a series of very different studies over many years. Al-
though none of these have used the randomized controlled trial design that
provides the ‘gold standard’ for evidence in most Cochrane reviews, it is 
widely accepted that cigarette smoking is the single most important risk factor
for the development of COPD, even though a precise model of the mechanism
has yet to be constructed. It is worth reviewing the strength of the evidence.

As late as 1948, there were experts prepared to argue that smoking was not
harmful, but by 1950 the link to lung cancer seemed probable. Richard Doll
and colleagues decided to commence a prospective longitudinal study to find
out what other diseases might or might not be smoking-related. In 1951, all
doctors in Britain were asked about their smoking habits, and 40000 replied.
These doctors were followed up for 40 years, with interim reports at 10 and 20
years that confirmed the link to cancer and showed that other conditions were
also linked to smoking. The 40-year report [1] concentrated on the 34439
males in the study, and at this time it was possible to establish the vital status of
99.7% of the 1951 cohort. A cause of death was obtained for 99% of the
deaths, and of those who were alive, 94% completed a further questionnaire.
Longitudinal studies are usually marred by a significant loss to follow-up, 
and the completeness of this study is remarkable. Although it was not a 
randomized, controlled trial, it is probably one of the most complete and 
devastatingly strong observational studies ever mounted.

Positive associations with smoking were confirmed for death from cancers
of the mouth, oesophagus, pharynx, larynx, lung, pancreas and bladder. De-
tails of mortality for COPD, lung cancer and ischaemic heart disease (IHD) are
outlined in Table 1.1. Cigarette smoking increased the risk of death from
COPD, lung cancer and from ischaemic heart disease. In each case, those who
had ceased smoking had values that were intermediate between those of 
non-smokers and continuing smokers. Because ischaemic heart disease is so
much more common, the total effects of cigarette smoking on the heart were
similar to those on the lung. Thus, when expressed in terms of the population

Table 1.1 Annual mortality per 100000 men. Adapted from [1].

Never Current Ex-cigarette Current Ex-cigar/
smokers cigarette smokers cigar/pipe pipe

smokers smokers smokers

COPD 10 127 57 51 40
Lung cancer 14 209 58 112 59
IHD 572 892 678 653 676

COPD, chronic obstructive pulmonary disease; IHD, ischaemic heart disease.
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affected, there are an extra 320 deaths per 100000 from ischaemic heart 
disease and 312 from COPD and lung cancer together.

The crude relative increase in ischaemic heart disease from these figures is
1.55 compared to 12.7 for COPD and 14.9 for lung cancer, and the much 
higher relative risk suggests a much closer and more complete causal link to
pulmonary disease (Fig. 1.1). For heart disease, it is recognized that smoking is
only one factor amongst several involved in the causation of disease. Genetic
susceptibility (as shown by the strong influence of a history of heart disease
amongst close relatives) and lipid control are two other strong predictors that
may be as important as smoking.

The increased risks attributable to smoking are dose-dependent (Fig. 1.2).
Not only is the number of deaths per 100000 much increased for COPD and
lung cancer, but there is also a significant increase in deaths from pneumonia,
and many of the patients concerned could well have had COPD too. The
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Fig. 1.1 Relative risks of
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COPD effect may therefore be underestimated. This leaves approximately
5–10% of cases of COPD that are not directly attributable to smoking.

The authors were able to go further in their estimations of risk to show that
for the average smoker, there was a loss of 7.5years of life, increasing to 10
years for a smoker of more than 25 cigarettes per day. Another way of describ-
ing the data is to state that only 21% of smokers will attain the age of 85years,
compared to 41% of non-smokers. If a person ceases smoking, then the risks
of death are reduced and there are discernible benefits even for those quitting
when over 65years of age.

As was noted above, this was an observational study and there were a
number of potential confounding factors. Death certification could have been
wrong —it is known that the reliability of death certificates is not good, and
there were many changes in the lifestyle, wealth and personality of the popu-
lation over the period studied. While it is possible that some of these factors
could have affected survival, it is unlikely that they could have altered the huge
relative risks observed.

These data were derived from a relatively privileged sector of the popula-
tion; while this has an advantage in that there was no social class disease gra-
dient to be taken into account, it also raises the possibility that the relative
risks could be different in other parts of society. More recent data for the UK
based on survival data from life-insurance work [2] show a very similar effect
on loss of life expectancy —7years between the ages of 30 and 70 —suggesting
that the Doll and Peto data can probably be extrapolated to the general 
population.

The size, completeness and length of this study make the links between
smoking and both lung cancer and COPD irrefutable, and indeed many other
studies since have confirmed and supported these conclusions.

How many non-smokers develop COPD? From the Doll and Peto figures,
it would seem that of 285 deaths per 100000 due to COPD, there were 10 in-
dividuals, or about 3%, who had never smoked and were labelled as having
COPD. Similar figures are reported from cross-sectional studies of living 
patients, e.g. that 5–7% of their cohort were non-smokers [3]. Assuming that
these cases of COPD do not result from incorrect recording of diagnosis or
smoking status, other aetiological factors may exist. This is discussed later in
the chapter.

Many other examples from other countries have confirmed the dose-
related relationship between the risk of developing COPD and cigarette smok-
ing [4]. They also confirm the lower incidence of COPD in those who smoke a
pipe or cigars rather than cigarettes [5]. The incidence of COPD is consistent-
ly reported to be significantly lower in women, reflecting the lower prevalence
of cigarette smoking amongst females, but the pattern is changing. In the UK,
death rates from COPD in men have fallen, reflecting a change from a 65%
rate of current smokers in 1970 to less than 30% in 2000, but the death rate in
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women is still rising [6] following the surge in female smoking after the second
world war. In Denmark, where a high proportion of women have been smok-
ers for many years, the percentage of deaths in women attributable to tobacco
already approaches that of men [7]. This trend is likely to be seen in other 
European countries in the coming years.

Other aetiological factors in the pathogenesis of COPD

Asthma

A proportion of asthma patients develop an irreversible component that is
usually attributed to airway remodelling. It is not known why some asth-
matics progress to fixed airflow obstruction —but once they have, it is very 
difficult to differentiate them from patients with COPD on clinical or phy-
siological grounds. Approximately 2% of asthmatics have a forced expira-
tory volume in 1s (FEV1) below 60% predicted. As asthma is so common,
even this small percentage may explain many of those who are labelled as 
having COPD despite not having any history of exposure to cigarette smoke.
In comparison, 10% of moderate smokers (21–40 pack-years) and over 
22% of heavy smokers (>60 pack-years) will develop this severity of airway
obstruction [8].

Bronchiolitis

An alternative mislabelling can occur with bronchiolitis. Bronchiolitis and
bronchiolitis obliterans are general terms used to describe a non-specific in-
flammatory injury that primarily affects the small airways, often sparing the
interstitium. This disorder is currently poorly understood. It is likely that a
small proportion of patients with a diagnosis of COPD have a progressive,
constrictive bronchiolitis that has not been recognized —hardly surprising, as
there is no test other than histology with which to differentiate the cause of the
airflow limitation.

Occupation

The precise role of occupation in the pathogenesis of COPD remains unclear.
Epidemiological studies assessing the role of occupation in the development of
COPD are difficult both to conduct and interpret [9]. Most of the evidence is
derived from cross-sectional studies, in which it has been difficult to record
dust exposure, or indeed cigarette exposure, reliably. There is no doubt that
exposure to heavy dust loads leads to a productive cough, but this can be a
normal physiological response to the particular burden that has to be cleared.
There are cross-sectional studies of populations [10,11] that have described
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more COPD amongst those working in dusty jobs. But while cross-sectional
studies can indicate associations, they cannot differentiate causality between
the dust and other factors. Those in dustier jobs tend to be of lower social class
and have a higher smoking prevalence, poorer nutrition and worse general
health. Most data are available on coal miners, but even here the data are not
conclusive. A UK legal ruling concluded that on the balance of probabilities,
coal dust could cause emphysema and airway obstruction and thus miners are
to receive compensation even with a smoking history [12]. There remains no
mechanism to explain how coal dust (generally a remarkably inert substance)
should compare with cigarette smoke (containing 1017 free radicals per puff),
but legal cases are not science and conclude on a ‘balance of probabilities’.
Other studies have claimed similar effects from gold mining and for under-
ground tunnel workers [13], although in the legal case which considered coal
dust, the other rock dusts were excluded as likely causes.

Atmospheric pollution

If occupational dust can cause airway obstruction, then it is logical to examine
the effects of pollution. A small additional contribution to COPD severity has
been reported in patients who live in cities. However, these effects are small
and remain contentious. High exposures to very small particles of less than 
10µm (PM10) have also been associated with an increase in both cardiac and
respiratory deaths in cross-sectional population studies [14]. These exposures
are many times less than the occupational exposures experienced by miners,
and thus the question arises as to whether other components of pollution may
be additive in causing these apparent effects. Ozone and diesel have also been
associated with the development of COPD, but the latter claim must be bal-
anced by the studies of miners in diesel pits (i.e. pits in which the underground
trains that transported men and coal along the shafts were diesel-powered).
Despite heavy exposures in quite enclosed environments, no adverse effects
have been observed in these coal mines [15]. Indoor exposure to wood smoke
and fumes from biomass fuels has also been implicated [16,17]. Paradoxi-
cally, while concerns in the popular press about the effect of outdoor pollu-
tants on the lung have escalated in recent times, the levels of sulphur dioxide
and black smoke have been dramatically reduced in most developed countries
over the last 30years. The situation regarding environmental pollution and
COPD can best be described as confused —and of an order of magnitude less
than any effect of smoking cigarettes.

Socio-economic status

Low socio-economic status correlates strongly with the development of
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COPD. Men of social classes IV and V aged between 20 and 64 in the UK 
are 14 times more likely to die of COPD than men with professional 
occupations [18]. This seems to occur even when different smoking rates 
are taken into account. It is unclear whether this is due to nutrition, different
patterns of respiratory infection exposure in early life, or environmental 
exposures.

Premature birth is more common amongst mothers of lower socio-
economic group and in mothers who smoke. Smoking mothers produce small-
er babies [19]. Prematurity is associated with early-life infections [20], and
early-life infections are associated with COPD deaths 50years later [21]. 
Precise mechanisms, or even a clear sequence of events that might cause this,
are unknown, but it does seem increasingly likely that some of the later lung
morbidity is due to failure to grow and develop properly both in utero and
shortly thereafter.

In the Copenhagen City Heart Study, men in the lowest income/least 
education group had a forced vital capacity (FVC) that was 400mL less than
those in the highest group [22]. Even after control for smoking duration and
quantity, the difference was still 363mL. In females, the differences were
smaller, at 259mL (220mL adjusted), but of similar pattern. The lowest socio-
economic groups were more likely to have had an admission for COPD even
after adjustment for smoking, so these differences would seem to be of clinical
importance to patients.

Some of these changes may be due to effects of poor nutrition either pre-
cipitating or accelerating the development of COPD. Harik-Khan et al. [23]
studied 458 men without COPD and followed them for a mean of 10.2years.
An inverse relationship between body mass index (BMI) and the risk of devel-
oping COPD was demonstrated. The relative risk of developing COPD was
2.76 times greater (95% confidence interval 1.15–6.59) in the lowest BMI 
tertile compared to the highest tertile. In rats, starvation has been shown to in-
duce emphysematous changes within the lungs [24]. While this association
has not been proven in humans, poor nutrition has been associated with pneu-
mothorax [25] and pneumomediastinum [26].

Infections

Latent infection with viruses has been cited as a factor that may predispose to
COPD. Double-stranded DNA viruses have the ability to persist in airway 
epithelial cells long after the acute infection has cleared. Expression of 
adenoviral genes produces a trans-activating protein that has been demon-
strated to amplify the inflammatory response to cigarette smoke [27]. Thus far
this remains speculation only.
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The global impact of COPD

Any data on the prevalence of COPD must depend on the definition that is
adopted. Early stages of COPD are not associated with symptoms, or only
with ‘smoker’s cough’ that is accepted as ‘inevitable’. These individuals are
unknown to the medical profession. Once symptoms develop, the COPD has
typically become fairly advanced, with an FEV1 that has already fallen to less
than 60% of the predicted value or worse. Most studies will therefore under-
estimate the true prevalence and potential impact of the disease.

Historical variations in the terminology and International Classification
of Diseases (ICD) codes used for COPD also create difficulties in compiling
data on COPD. Until the late 1960s, the terms ‘chronic bronchitis’ and ‘em-
physema’ were commonly used. Following the eighth revision of ICD codes,
‘COPD’ was used increasingly frequently in the United States, but often not in
other countries, making comparison difficult. The current tenth revision of the
ICD recognizes a broad band of ‘COPD and allied conditions’ (ICD-10 codes
J42-46).

Morbidity

The World Bank and World Health Organization (WHO) predict that by
2020, COPD will be ranked fifth in terms of the worldwide burden of disease
[27]. The WHO also estimates that 1.1billion people currently smoke. 
Assuming that 14% of smokers develop COPD, one could estimate that 150
million either have or will develop COPD —a number equivalent to the entire
population of Russia.

In the United Kingdom during 1999/2000, there were 28million days of
certified incapacity due to diseases of the respiratory system [30]. Over 10% of
all acute medical admissions to hospital are due to exacerbations of COPD,
and with an average length of stay of 10days, these represent some 2.8million
hospital-bed days annually in the UK.

Morbidity from COPD is not confined to wealthy countries. Smoking
prevalence is high and rising in many poorer regions, with China in particular
likely to see huge death rates from smoking-related disease in the coming
decades. Many of the statistics available in the UK or in the US are not 
collated in such countries, so that the effect of COPD can only be estimated.
Some estimates of the global incidence of COPD in such countries are detailed
in Table 1.2 [28,29].

But morbidity is not the only concern. Airflow limitation is associated with
premature death, and the World Health Organization statistics attribute 2.74
million deaths worldwide to COPD in the year 2000. It is the fourth common-
est cause of death in the USA, China and United Kingdom. In the United States,
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112000 people died of COPD in 1998, and in the United Kingdom 32000
people died of COPD in 1999 [30]. The latter figure represents 5% of all
deaths in the country.

Health expenditure

The financial cost of COPD is very large. In 1993, it was calculated that it cre-
ated annual costs of US$23.9billion to the US economy. This included US$
14.7billion for direct medical costs, with the remainder representing costs re-
sulting from morbidity and premature mortality [31]. The direct health costs
of COPD in the UK have been estimated at £846million (US$1.4billion), 
accounting for 11% of all expenditure on prescription medications [32]. 
Typically, the expenditure on COPD is disproportionately distributed, with
approximately 10% of patients accounting for 75% of expenditure.

In the UK (figures adapted from [33]), a typical primary-care group caring
for a population of 100000 will have:
• 1000 diagnosed cases of COPD
• 238 annual admissions due to COPD
• 55 deaths from COPD annually (25% below aged 65)
• General practitioner consultations costing £44000 annually
• Drug therapy costing £718 per patient per year (asthma £198).

The natural history of COPD

The studies discussed above show that death from COPD is most commonly
the result of smoking —but what of the processes that lead to these deaths? It is
clear that a healthy individual has to pass through mild, then moderate and
then severe stages of COPD to reach the stage at which COPD may cause

Male/ Female/
1000 1000

China 26.20 23.70
Former socialist economies 7.35 3.45
Established market economies 6.98 3.79
Sub-Saharan Africa 4.41 2.49
India 4.38 3.44
Latin America and Caribbean 3.36 2.72
Other Asian countries and islands 2.89 1.79
Middle Eastern crescent 2.69 2.83
World 9.34 7.33

Table 1.2 Prevalence of chronic
obstructive pulmonary disease
in poorer countries in 1990.
Adapted from [28].
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death. But the processes by which this happens and the rate at which it devel-
ops require a different sort of study.

It is unclear what distinguishes individuals who develop clinically signifi-
cant COPD from those who do not, despite a similar smoking history. In 1970,
Thurlbeck showed that almost all smokers of more than 20 pack-years will
have some emphysema detectable at post-mortem, although only about
15–20% had had any loss of lung function in life [34]. However, while an 
autopsy-based study can suggest likely causal factors and can add detail to 
information from longitudinal death certificate studies, it cannot detemine
how the disease developed.

Cross-sectional studies of large populations can examine the manifesta-
tion of disease at stages of development in large numbers of people. The Na-
tional Health and Nutrition Examination Survey (NHANES 3) [35] in the US
questioned 34000 people between 1988 and 1994. It reported that up to 24%
of current smokers reported chronic cough. Airflow limitation (defined as
FEV1/FVC <70%) among white males was present in 14.2% of current 
smokers, 6.9% of ex-smokers and 3.3% of those who had never smoked. Sim-
ilar proportions were found in white females, while the incidence of 
airflow obstruction was lower in the black population. Other studies have also
suggested ethnic variations in COPD incidence, with 15% of active white cig-
arette smokers and 5% of active Asian cigarette smokers developing clinically
significant COPD [36]. Because the disease develops over many years, it is 
inevitable that the majority of the most severe disease cases are seen in the eld-
erly, but the statistics from North America indicate that 50% are below age 65
and 22% are below 55, with a mean age at diagnosis of 53years.

The heterogeneity of the disease is illustrated by the fact than even ‘light’
smokers can develop severe emphysema. Thus, deaths before the age of 50 in
individuals claiming to only have smoked five cigarettes daily (equating to 
approximately nine pack-years) do occur, although such cases are unusual.
Clearly, factors other than cigarette smoke alone must be involved (see below),
whether acting through a separate mechanism or in synergy with cigarette
smoke. More than 40years ago, the ‘Dutch hypothesis’ [37] suggested that the
risks of developing COPD were related to environmental exposures in combi-
nation with the genetic make-up of the individual. This concept may still be
true today.

Rate of decline in lung function

Typically, FEV1 reaches a peak at around age 20–25 and then gradually de-
clines with age by approximately 20–30mL/year. Little, however, is known
about the lung function of existing individuals with COPD in the decades be-
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fore the disease becomes apparent. It seems logical that patients with COPD
may have reached their low FEV1 by one of the following three routes.

1 An accelerated decline in lung function. In their classic paper that followed
800 London office staff with serial measures of FEV1 over 8years, Fletcher 
et al. [38] demonstrated that there is a range of FEV1 decline per year from al-
most nil to over 100mL per year. They suggested that those with a rapid de-
cline were susceptible smokers. The average decline was 18mL greater in a
smoker than in a non-smoker, i.e. 54mL vs. 36mL/year. Some non-smokers
showed a rapid decline in function, indicating that there are factors other than
smoking to be considered, but there were many more rapid decliners amongst
the smokers and it is only those with very rapid declines (i.e. of 70–100mL per
year) who can lose the 3L or more of lung function that places them in the
FEV1 1-litre category that is seen with hospital admissions of patients in their
sixties.

The rate of decline is not linear over a lifetime. In the young, FEV1 may rise
between 20 and 25, followed by a relative plateau, before falling at an initially
slow but accelerating rate over the years. Thus, the average rate of fall in FEV1

described in a cohort may be describing an average between small gains in the
youngest and large falls in older subjects. This makes it difficult to compare
different studies. There are few longitudinal studies to compare with that of
Fletcher et al.

The US Lung Health Study [39] observed 4000 patients with mild COPD
over 5years with and without an anticholinergic bronchodilator. While the
drug had no effect on rate of loss of FEV1, the authors did note as a secondary
end point that the rate of loss of FEV1 was significantly less in those who 
quit smoking compared to those who continued. They also observed that 
those with bronchial hyperreactivity had an increased rate of loss compared to
those without. Thus, both exogenous and endogenous factors may affect the
rate of decline. As a generalization, the average fall in FEV1 in susceptible
smokers seems to be in the order of 60mL per year (i.e. twice that of 
non-smokers) [40].

The cross-sectional studies of smokers and non-smokers have also found a
greater loss of lung function amongst smokers. Many have applied linear re-
gression analysis to the data in an attempt to determine the additional aetio-
logical factors responsible. This must be viewed with caution —firstly because
the rate of loss is not uniform, and secondly because the starting point for dif-
ferent cohorts is unknown. An analysis of decline in a Dutch community study
[41] reported that there was a significant effect depending on when a person
was born. Men born a generation later tended to be 2cm taller and to have 
360mL more FEV1 —presumably a reflection of better socio-economic condi-
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tions and better conditions in childhood. Few studies include year of birth as a
variable, and thus the cross-sectional analysis performed on the raw FEV1

data would wrongly attribute this loss to another cause.

2 Premature decline in lung function. All parts of the human body deteriorate
with increasing age, and the lung is no exception. Humans also age at different
biological speeds, and perhaps one of the most promising areas for future 
research is the genetic basis of COPD. Accelerated loss of lung function in
smokers with a1-antiprotease deficiency was first recognized by Laurell and
Eriksson in 1963 [42]. This autosomal-recessive condition (ZZ phenotype) is
found in 0.03% of the UK population. The lung is rendered susceptible to
damage from neutrophil elastase, typically causing rapidly progressive em-
physema in homozygotes who smoke. The heterozygotic state MZ is found in
3.9–14.2% of COPD patients, compared with 1.2–5.3% of controls (odds
ratio 1.2–5.0). Other genetic predispositions are very likely to exist. Silverman
et al. have reported a three-fold increased risk of developing COPD among
first-degree relatives that is unrelated to a1-antiprotease status [43]. A family
history of chronic bronchitis was shown by Carrozzi et al. to be associated
with impaired FEV1 in smokers [44]. Other postulated genetic mechanisms 
include polymorphisms in the tumour necrosis factor-a gene, the microsomal
epoxide hydrolase gene and the glutathione S-transferase P1 gene.

3 Impaired lung growth and therefore a decrease in the peak lung function at-
tained. Insults to the developing lung during childhood, including premature
birth and infection, may have a role. In a study of 700 people with a mean age
of 70, Shaheen et al. [45] reported that pneumonia before the age of two was
associated with a mean reduction in FEV1 of 0.65L in men, compared with
controls. In women, the reduction was smaller and non-significant. In South
Wales, children who had admissions for infections as children had an in-
creased risk of dying 60years later of COPD. Whether it is the infections them-
selves that are to blame or problems in utero is not known, but there is one
study that suggests that poor nutrition in utero is a factor. Barker et al. noted
that low birthweight was predictive of an increased risk of dying of COPD 60
years later [46].

It is of great concern therefore that women who smoke are known to have
smaller babies with an increased incidence of prematurity —this may be plac-
ing their children at risk of COPD long before the children have a chance to
make decisions for themselves.

The future of COPD

Despite the now well-documented health risks posed by smoking, the cigarette



AETIOLOGY AND EPIDEMIOLOGY OF COPD 13

industry remains alive and well. Figure 1.3 outlines the current state of the in-
dustry in the United States. We are still surrounded by cigarette advertising.
Governments have difficulty in reconciling the huge tax revenues they receive
from cigarette sales and the outlay on health care that results from these sales.
High-profile sports such as Formula One racing could not exist without 
cigarette advertising. The World Health Organization recently launched a
counter-campaign with large posters in the style of ‘Marlboro Man’ proclaim-
ing ‘Bob —I’ve got emphysema’.

Even if the health message is beginning to have an impact in wealthy coun-
tries, cigarettes are heavily promoted in the Third World. The numbers of 
cigarette exports from the USA has doubled in the last 20years. The WHO es-
timates that the number of smokers worldwide will increase from current
numbers of 1.1billion to 1.6billion by 2025. Much of this growth will be in
poorer countries. China in particular appears to have a grim future. Total cig-
arette consumption there has risen almost 10-fold in the last 50years (Fig.
1.4), and the country will be reaping the whirlwind of subsequent respiratory
disease for years to come.

The mortality figures discussed above describe a lower incidence of COPD
in women than men. Recent large cross-sectional population-based studies in
the US confirm this, but show a changing pattern emerging, with the preva-
lence of COPD almost equal in men and women [31,35]. This probably re-
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2: Why do only some smokers 
develop COPD?

Nikos Siafakas, Eleni Tzortzaki and 
Demosthenes Bouros

Are there cigarette smokers who are susceptible to COPD?

It is well known that less than 20% of smokers develop clinically significant
chronic obstructive pulmonary disease (COPD) [1–3]. From a number of 
epidemiological studies, it has become apparent that there are susceptible
smokers who will develop COPD [1,3]. However, the characteristics of such
susceptible individuals are not known [4]. The questions ‘Is there a distinct
group of susceptible smokers?’ and ‘What is the distribution (bimodal or 
unimodal) of susceptible individuals?’ are extremely difficult to answer on the
basis of the current scientific knowledge.

According to a new working definition developed by the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) group, COPD is a ‘disease
state characterized by airflow limitation that is not fully reversible. The air-
flow limitation is usually progressive and results from an abnormal inflamma-
tory response of the lungs to noxious particles and gases’ [5]. It is likely that the
reason why fewer than 20% of smokers develop COPD is connected with an
abnormal inflammatory response to noxious agents. COPD is the result of an
environmental insult and a response by the host that is primarily genetically
predetermined.

Another mystery concerning the pathogenesis of COPD is why some 
patients develop predominantly parenchymal disease (emphysema), while
others mainly develop airways disease (chronic bronchitis). This suggests the
possibility of subgroups of susceptible individuals, some primarily with 
defects at the level of the major airways and others with defects at the level 
of the parenchyma. Are these defects genetically determined? [4].

A brief summary of the pathogenesis of the disease will be presented here
first, with a review of the current literature. The environmental insults (nox-
ious agents) concerned will then be discussed, as well as possible genetic risk
factors.
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What are the pathological processes that lead to the
development of COPD?

Figure 2.1 is a schematic summary of the pathogenesis of COPD. Obviously,
this schema has several limitations. A considerable proportion of the informa-
tion is based on experimental animal studies; data from humans are limited by
the number of subjects, the selection of patients and the tissues studied and
methods used. There are therefore a number of missing links in our under-
standing of the pathogenesis of COPD, as shown in Fig. 2.1.

Oxidative stress

Cigarette smoke, the major environmental noxious agent, contains abundant
amounts of oxygen-based free radicals, peroxides and peroxynitrite and 
results in severe oxidative stress in the lungs [6–9]. By oxidizing cellular 
proteins, lipids, DNA bases, enzymes and extracellular components such as
matrix collagen and hyaluronic acid, these substances cause airway and
parenchymal injury [10,11]. One of the consequences of the oxidative stress is
chemotaxis, potent leucocyte adhesion and thus initiation of inflammation.
The recruitment of inflammatory cells such as activated macrophages and
neutrophils may also contribute to the oxidization by releasing specific 
enzymes [10–12].

Environmental
noxious agents

(e.g. cigarette smoking)

Host factors
(e.g. genetics)

Oxidative
stress

Abnormal
inflammation

Tissue
damage

Abnormal
tissue repair

(Remodelling)

Fig. 2.1 Schematic presentation of the pathogenesis of chronic obstructive pulmonary disease
(COPD) as a result of host exposure to environmental risk factors. Abnormal inflammation may
play a significant role in the pathogenesis (for more details, see text).



SMOKING AND COPD 19

Thus, cigarette smoke and the local release of oxidants initiate a vicious
circle that may promote an ‘abnormal’ inflammatory response. For example,
oxidants activate the transcription of nuclear factor-kB (NF-kB), which pro-
motes genes of key inflammatory agents such as interleukin-8 (IL-8) and tu-
mour necrosis factor-a (TNF-a) [13,14]. In addition, oxidants may oxidize
antiproteases, resulting in a reduction of the antiprotease shield, and by acti-
vating matrix metalloproteinases may cause proteolysis [11,15]. Oxidative
injury causes impairment to the barrier function of endothelial and epithelial
cells [16,17]. Finally, if the oxidative stress is significant and prolonged, cells
may undergo apoptosis or direct necrosis [18,19].

Inflammation

Many cells have been reported to be involved in the pathogenesis of 
COPD. However, their presence or activation in the affected tissues, or in 
fluids such as sputum or bronchoalveolar lavage (BAL), does not necessarily
confirm their role in the process of disease development. The number of
macrophages is increased in COPD [20]. Cigarette smoke also activates
macrophages to release mediators, including IL-8, leukotriene B4 (LTB4) and
TNF-a [21]. Thus, macrophages may orchestrate the inflammation process in
COPD.

Neutrophils are the cells that have been studied most in COPD, but their
role is not yet clear [22–24]. Neutrophils cause elastolysis by secreting neu-
trophil elastase, cathepsin G and proteinase 3 [25]. In addition, neutrophil
proteases are mucus stimulants. Recruitment of neutrophils is the result of po-
tent chemotaxis by IL-8, LTB4 and increased adherence (Mac-1, E-selectin)
[26]. Neutrophilic survival in the respiratory tract is increased in COPD by the
increase of cytokines, such as granulocyte-macrophage colony-stimulating
factor (GM-CSF). Although neutrophils are increased and/or activated in
other diseases, such as cystic fibrosis, their elastolytic effect is not as prominent
as in COPD. Other factors may therefore be involved in promoting the 
elastolytic activity of neutrophils in COPD [27].

T lymphocytes are increased in lung parenchyma, and in both peripheral
and central airways in COPD [28,29]. In contrast to asthma, in which the CD4
cell is prominent in the airway, CD8+ cells are increased in the airway mucosa
in COPD patients and may cause cytolysis and apoptosis of alveolar epithelial
cells [29,30]. Although there is an association between T lymphocytes and the
amount of alveolar destruction and airflow limitation [28,31] the role of T
cells in the pathogenesis of COPD is not yet certain.

Although eosinophils play an important part in the mechanisms of airway
inflammation in asthma, their role in COPD is obscure. There are conflicting
reports concerning their numbers in stable disease, but most reports have



20 CHAPTER 2

shown an increase during exacerbations [32–34]. Their interaction with 
neutrophils and their degranulation are also under investigation.

It has recently been shown that airway epithelial cells are of importance in
secreting inflammatory mediators. Cigarette smoke activates epithelial cells 
to produce TNF-a and IL-8and may therefore initiate the abnormal inflam-
matory response [35]. Many inflammatory mediators may be involved in the
pathogenesis of COPD; the most important ones that have been described are
the lipid mediator LTB4, the chemokine IL-8 and the cytokine TNF-a
[21,33,35–37]. Other mediators that have been reported to have inflammato-
ry effects in COPD include IL-5, GM-CSF, transforming growth factor-b
(TGF-b), epidermal growth factor (EGF), endothelin-1 (ET-1) [33,38–40].
The inflammatory response in COPD may be up-regulated by a combination
of the above mediators.

Tissue damage

The best-studied mechanism of tissue damage in COPD is that of protease–
antiprotease imbalance. Proteases are enzymes that degrade matrix proteins.
Elastin is an important target, but collagen, proteoglycans, laminin and 
fibronectin are also degraded [41–43].

The most potent proteases are the neutrophil elastase, cathepsin G and
proteinase 3 and matrix metalloproteinases [44,45]. Neutrophils are the
major providers of the above proteases, but other cells such as macrophages
and airway epithelial cells may also contribute. The elastolytic activity of pro-
teases is balanced by the antiproteases, such as a1-antitrypsin. a1-Antitrypsin
is the major endogenous tissue antiprotease (plasma/lung parenchyma), and
secretory leucoprotease inhibitor (SLPI) is the major antiprotease in the 
airways [41,46]. Clearly, in COPD there is an imbalance in the protease–
antiprotease system in favour of proteases [47].

Tissue repair and ‘abnormal’ remodeling

Any incident of tissue damage is followed by a process of epithelial and
parenchymal repair. This repair procedure is extremely complex and so 
far not fully understood. In the airways, the repair (remodeling) process 
includes repair of the tight junctions, cell migration, cell differentiation 
and metaplasia, mitosis and hyperplasia of basal cells and mitotic redif-
ferentiation, among other processes [48]. It has been shown that smoke 
impairs lung repair mechanisms [49,50] and disrupts procedures that are able
to restore the tissue structure. This may lead to peribronchial fibrosis and 
narrowing, particularly at the site of small airways. Fibronectin and TGF-b
produced by the epithelial cells are involved in the normal repair processes,
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but there may be an excess of factors that cause fibrosis and abnormal 
remodeling [39,51].

In summary, the pathogenesis of COPD is extremely complex, and until
the mechanisms that are involved become more clear, it is difficult to under-
stand why only 20% of smokers develop COPD.

What is the evidence for cigarette smoke increasing
susceptibility to COPD?

Among the risk factors that have been related to COPD, cigarette smoke is the
best studied and is a consistent finding in numerous studies [1,52,53]. In all re-
cent guidelines on COPD, cigarette smoking has been regarded  as the best-
established risk factor for the development of the disease [54,55]. In addition,
passive cigarette smoking has been related to chronic cough and sputum and is
also a candidate risk factor for the development of airflow limitation
[53,56,57].

However, from the above epidemiological studies, it is apparent that not
all smokers develop clinically significant COPD, and also that there is no 
direct dose–effect relationship. A passive smoker may develop the disease,
whereas a heavy smoker may not. These observations have led to the hypoth-
esis that there are smokers who are susceptible to COPD.

Longitudinal epidemiological studies have suggested that a more impor-
tant factor than the dose (pack/years) is the timing of the exposure to cigarette
smoke [58,59]. This is summarized in the epidemiological model of COPD
risk shown in Fig. 2.2. Although COPD is a disease of middle/late adult life,
events that occur during early life may play a significant role. For example, ac-
tive or passive smoking during adulthood, when the lungs are fully developed,
may make an individual susceptible to developing COPD (Fig. 2.2). An addi-
tional effect during maturation of the respiratory system could be maternal
smoking during pregnancy (Fig. 2.2a). Finally, there is a well-known third
phase in adult life, in which the susceptible smoker is characterized by a rapid
decline in forced expiratory volume in 1s (FEV1) (Fig. 2.2d). The timing of 
exposure to cigarette smoke is thus crucial and may have different and/or 
additive effects. Cigarette smoke may cause changes before birth (lower initial
lung volume), during growth (lower maximal attained volume), in the plateau
phase (earlier start of decline) and during the late phase, with an accelerated
decline [1,60,61]. However, the epidemiological model discussed above may
partly explain the fact that not all smokers develop COPD.

Do risk factors act in combination in the development of COPD?

A combination of exogenous risk factors could be an alternative hypothesis to
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explain why there are susceptible smokers. Exposure to a mixture of known
noxious agents, such as active plus passive smoking, and environmental pol-
lution and occupational pollution could cause COPD. However, current data
do not support the hypothesis of combinations of these risk factors as the basis
for the existence of susceptible smokers [3]. A number of other risk factors
have been proposed that may play a role in the development of COPD.

Some studies have suggested a link between severe childhood respiratory
infections and COPD in adult life [62]. However, this association is rather
weak, because it is not easy retrospectively to exclude the possibility that these
infections result from lung function impairment, rather than being the cause
of it. Nevertheless, viral infections may directly contribute to the development
of COPD by incorporating viral DNA into the airway cells. This could alter
their genetic material and thus their response to subsequent exposure to ciga-
rette smoke. In fact, increased levels of adenoviral DNA have been found in
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COPD patients in comparison with control individuals [63]. Incorporation of
adenoviral DNA in animal epithelial cells has also been shown to amplify the
inflammatory response on exposure to cigarette smoke [64,65]. A possible
scenario might therefore be that susceptible smokers are those in whom a 
viral infection early in life leads to an excess load of adenoviral DNA in the 
epithelial cells. These cells might then orchestrate an ‘abnormal’ inflammato-
ry response to cigarette smoke. However, results of this type have not been re-
produced by other investigators in humans.

What is the role of nutritional factors in the susceptibility 
to COPD?

Nutrition may play a role in the development of COPD, especially where oxi-
dants and antioxidants are involved. Protective dietary factors concerned in-
clude the antioxidant vitamins C and E, magnesium and fish oils. In addition
to the endogenous enzymatic antioxidant systems, the antioxidant vitamins C
and E may enhance host defences against the oxidative stress of cigarette
smoke. Fish oil contains highly polyunsaturated w-3 fatty acids that act as
competitive inhibitors of arachidonic acid metabolism. Fish oil may therefore
down-regulate the inflammatory potency of lipid mediators such as LTB4 and 
provide protection against COPD [66,67].

It is possible that smokers who develop COPD have dietary deficiencies in
the nutritional elements mentioned above. However, this hypothesis is not
supported by longitudinal studies [68] and would not explain the whole 
problem, since there are so many confounding factors between diet and 
cigarette smoking (alcohol intake, etc.).

What is the place of the Dutch hypothesis in COPD?

A relationship between increased airway reactivity, atopy and the develop-
ment of COPD was first proposed by Orie et al. in 1961 [69]. In other words,
smokers with hyperreactive airways could be the susceptible ones who will de-
velop COPD. This hypothesis is still open to debate, as it is not clear whether
hyperresponsiveness is the cause or the effect of the decrease in FEV1 in smok-
ers. Airways reactivity and atopy are complex disorders related to a number of
genetic and environmental factors leading to allergic inflammation (asthma).
This inflammation, however, has recently been shown to be different from that
caused by cigarette smoke [70]. In addition, other investigators have sug-
gested that the hyperresponsiveness seen in smokers is the result of abnormal
geometry of the airways caused by prolonged smoking, leading to ‘reactivity’.
In addition, the majority of the studies investigating FEV1 decline have tested
airways reactivity at the end of the study (after the initiation of smoking)
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[71,72] and only a few have tested it at the beginning [73,74]. Recently, two
studies that reported an association of hyperresponsiveness in subgroups of
smokers lacked statistical analysis of the smoking status [75,76]. When the
smoking status was accounted for [77,78], the association between reactivity
and smoking was not significant. In conclusion, the Dutch hypothesis has
failed to clarify the issue of the susceptible smoker, which is still open to 
debate.

How do genetic factors modify COPD?

It is most likely that the answer to the mystery of why only a minority of 
smokers develop COPD is to be found in the field of genetics. Familial aggre-
gation has been reported in COPD [79,80], but it is difficult to exclude con-
founding factors. In addition, COPD is a disease of middle age —by which
time parents or grandparents are rarely still alive, so that it is difficult to 
conduct classical hereditary studies. It is also likely that many genetic factors
interact to increase or decrease the risk of developing COPD. Thus, Mendel’s
laws of inheritance of ‘susceptibility’ to cigarette smoke could be ruled out
[81].

a1-Antitrypsin

The only established genetic risk factor for COPD is homozygosity of the a1-
antitrypsin (a1-AT) gene. a1-AT is a potent antiprotease produced by the liver.
Numerous investigations have assessed the risk associated with heterozygous
genotypes. The common gene variants are M, S and Z, and their frequencies
are reported to be 0.93, 0.05, and 0.02, respectively. 

The MM genotype is considered normal. The MS genotype shows a mild
reduction in a1-AT (approximately 80% of normal); MZ has reduced a1-AT
(about 60% of normal); levels in the SZ genotype are even lower (about 40%
of normal); and in ZZ they are less than 15% of normal. Large studies have
compared subjects with the MZ genotype with those with the MM genotype
and found no significant difference in pulmonary function or symptoms in
non-smokers [80]. There are conflicting results in smokers, as it has been
shown that MZ smokers have a greater loss of elastic recoil than MM smokers
[87] and a rapid decline in FEV1 [88]. Homozygous ZZ patients have a very
low a1-antitrypsin level and show a rapid decline in FEV1 even without smok-
ing [82,83]. In smokers who are homozygous Z patients, COPD is developed
at a younger age [84,85]. However, this homozygous state is rare in the gen-
eral population (one in 5000 live births) [86] and as a genetic risk factor can
therefore explain less than 1% of COPD cases.
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In addition to the mutations that affect the level of serum a1-AT, other mu-
tations have been described that affect its function [89]. One of these is a mu-
tation in the 3¢ region of the a1-AT gene [90,91]. However, this mutation is not
specific for COPD, as it has also been found in bronchiectasis [90,91]. Other
investigators have proposed that the 3¢ mutation allele might be in disequilib-
rium with an a1-antichymotrypsin deficiency allele [92], while others again
have suggested that the 3¢ mutation may affect the acute-phase response, lead-
ing to inadequate up-regulation of a1-AT during acute inflammation [93].
This could be also true during the acute oxidative stress of cigarette smoking.
Thus, not only the level but also the structure and function of a1-AT are genet-
ically predetermined and may predispose to COPD in smokers.

a1-Antichymotrypsin (a1-ACT)

a1-ACT is an acute-phase reactant with antiprotease properties produced by
the liver. a1-ACT deficiency is present only in 1% of the general population in
Sweden, and is transmitted with autosomal-dominant inheritance [94]. Two
mutations in the a1-ACT gene have been associated with a reduced a1-ACT
serum level [95], but the relationship between low a1-ACT or defective 
functioning of a1-ACT and COPD is not as clear as it is for a1-AT.

Blood group antigens

An association between the ABO locus and COPD has been reported, with the
type A blood group being associated with impaired lung function [96]. Others
have failed to confirm any relationship between ABO alleles and pulmonary
function [97,98].

Although the ABO antigens in respiratory secretions may have a protec-
tive role [99,100] and might be responsible for the defect in susceptible 
smokers, these observations have not been confirmed in airflow obstruction
[97,98,101]. Similarly, the Lewis blood system was investigated in airflow
limitation, and it was shown that Lewis-negative subjects were at greater risk
[102]. Blood group antigens have been associated with recurrent infections
that may lead to COPD. However, the role of ABO, Lewis and secretor genes
remains unclear in the pathogenesis of COPD.

Vitamin D-binding protein (VDBP)

VDBP is a protein secreted by the liver that is able to bind vitamin D and 
endotoxin and to act as macrophage-activating factor or chemoattractant en-
hancer of C5a [103,104]. Thus, it can regulate the inflammatory response or
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diminish antioxidative capacity of the host. A reduced frequency of the 2–2
genotype of VDBP was reported in COPD patients in one study [105], but this
was not replicated [99].

a2-Macroglobulin

a2-Macroglobulin is a protease inhibitor and its serum deficiency is rare. The
a2-macroglobulin gene is located on chromosome 12, and its sequence has
been identified. However, there have only been case reports of patients with
COPD and a2-macroglobulin polymorphism [106].

Cytochrome P4501A1

A study has reported that the high-activity allele of CYP1A1 was associated
with susceptibility to centrilobular emphysema and lung cancer, but this was
not linked to cancer alone in the absence of emphysema [107].

Cystic fibrosis transmembrane regulator (CFTR)

The frequency of the CFTR gene has been examined in chronic bronchitis. 
The study found that none of the known mutations of CFTR were associated
with COPD [108].

Human leucocyte antigen (HLA) locus 

A significant decrease in the HLA-Bw16 allele was found in COPD patients
with a low FEV1 value and an increase in HLA-B7 antigen [99]. However, it is
not clear whether these associations are due to variations in the HLA genes
themselves, or whether there is any relation to susceptibility to COPD.

Immunoglobulin deficiency

Selective IgA deficiency has been found to segregate with COPD in three gen-
eration pedigrees [109]. Other investigators have studied the role of IgA or
IgG deficiency in the aetiology of COPD in relation to recurrent infections
[110,111].

Extracellular superoxide dismutase (EC-SOD)

EC-SOD is an important extracellular antioxidant enzyme in the lung that at-
tenuates tissue damage produced by oxygen radicals from cigarette smoke.
Polymorphism in the EC-SOD gene has been reported in 2% of the general
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population [112]. However, it is not known whether this variant of the gene
plays a role in the pathogenesis of COPD.

Secretory leucocyte proteinase inhibitor (SLPI)

SLPI is produced by airway epithelial cells; it is able to inhibit neutrophil 
elastase [113] and is thought to be a potent antiproteinase in the airways. 
Polymorphisms of the SLPI gene have been detected, but no mutations have
been reported [114]. This suggests that structural alterations in SLPI may not
be involved in the pathogenesis of COPD.

Other candidate genes

A mutation in the cathepsin G gene, a serine protease, has been found, but it
was not associated with COPD [115]. In addition, a relationship has been re-
ported between polymorphism in the gene for microsomal epoxide hydrolase
and susceptibility to emphysema [116].

DNA microsatellite instability (MSI) in COPD

Microsatellites of DNA are short tandem nucleotide repeats, commonly
found throughout the genome. Microsatellite instability has been correlated
with high mutational rates [117]. Studying MSI might therefore be a useful
technique for identifying the locus of potentially altered genes.

This method had been applied to sputum cells of COPD patients, and it
was shown that this defect can be detected [118]. Recently, sputum cells from
groups of smokers without COPD and smokers with COPD were tested for
MSI [119]. The two groups had similar smoking histories. MSI was detected in
24% of COPD patients, but in none of the non-COPD smokers. These results
suggest that MSI may be part of the complex genetic basis of COPD and could
serve as a marker of genetic alteration caused by smoking, leading to the 
development of COPD. MSI may therefore be an index of the susceptible
smoker [119]. However, more studies are needed to verify these results.

In conclusion, there must be a number of genetically predetermined host
factors that characterize the susceptible smoker.

Conclusions

COPD is a common disease, and the major risk factor for it —cigarette smok-
ing —has been identified. However, only a minority of smokers develop 
clinically relevant disease. Although significant progress has been made in un-
derstanding the pathogenesis of COPD, it remains unclear why only a few
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smokers develop COPD. The cornerstone of the pathogenesis of COPD is the
response of the host (the smoker) to an environmental risk factor (cigarette
smoke). The main effect of this response has been described as ‘abnormal 
inflammation’, but the various pathways involved are not clear. Oxidative
stress, inflammation, tissue damage and tissue repair (remodeling) are parts of
the complex procedure leading to COPD.

An epidemiological model has been proposed in which the emphasis is on
the timing of the exposure to cigarette smoke (before birth, during lung
growth, etc.). There is evidence that respiratory adenoviral infection in early
life could be an important factor that characterizes the susceptible smoker.
Airway hyperresponsiveness has failed to clarify the whole picture and is still
a topic of debate. Differences in nutritional elements, such as vitamins or fish
oil, could play a role in providing protection against the effects of oxidative
stress, but cannot fully explain the existence of susceptible individuals. 
Genetic differences are therefore the most likely parameters for identifying
susceptible smokers. The only well-established genetic risk factor so far is the
a1-antitrypsin gene; other candidate genes are being investigated.

In conclusion, there are as yet no definitive answers to the basic question of
why only a few smokers develop COPD. It is most likely that a number of
genes are involved, affecting various pathways in the pathogenesis of the con-
dition —but as this review shows, the genetic basis of the disease is only begin-
ning to be elucidated. Understanding the genetic basis of COPD should lead to
better methods of prevention and treatment in the future.
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3: How should COPD be diagnosed?

Mike Pearson

What is COPD? Is it to do with cough and sputum?

‘Chronic bronchitis’ was the term commonly used throughout the UK in the
1950s for the syndrome we would now describe as chronic obstructive pul-
monary disease (COPD). The Americans were inclined to describe it as ‘em-
physema’, and there were many other synonyms in use until, in the last decade,
general agreement developed that we should use the umbrella term ‘COPD’
and accept that it includes a series of subsidiary components (Table 3.1). It is
important to recognize that some of the early studies worked with definitions
that are different from those we use today and that therefore one must be 
cautious before extrapolating some of the earlier studies to current practice.

The productive cough that occurred particularly in smokers and in those
working in dusty jobs was shown in the 1950s to be primarily a large-airway
problem. Several studies demonstrated an increase in mucosal goblet cells,
and the Reid index defined the increased thickness of the mucosa pathologi-
cally [1]. The definition of chronic bronchitis used today is that produced by
the Medical Research Council (MRC) for epidemiological surveys and not for
clinical purposes [2]. The definition restricted chronic bronchitis to ‘a produc-
tive cough for more than 3months of the year in each of two successive years’.
Thus, chronic bronchitis is related to the productive cough and not to any level
of airflow limitation. This symptomatic definition has been used in many 
epidemiological studies, in which it has been of considerable value, but it is 
less helpful in managing individuals in clinical practice. For example, patients
with bronchiectasis and/or with chronic asthma —very different pathological
processes —would be included. However, this is of little consequence in large,
population-based surveys, since bronchiectasis is sufficiently uncommon for 
it not to confound the results unduly.

Cough and sputum are common in smokers. The prime cause is the need to
clear the increased inhaled particulate load from the airways and to respond to
the toxic chemicals within the smoke. Cigarette smoke consists of a particu-
late fume containing particles of less than 0.5mm in size [3], as well as many
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highly irritant chemicals. The ‘full-strength’ cigarettes of the 1950s contained
40mg per cigarette or more, while the lowest-tar filter cigarettes of the 1990s
had as little as 1mg. Smokers are much more likely to fulfil the MRC defini-
tion, with the incidence rising from 10% in young adults to over 50% in those
aged over 50years. Dusty occupations such as mining yield dust that contains
mostly larger particulates, of which only the minority smaller than 10mm are
inhaled. The effects of smoking and dust inhalation on the prevalence of cough
are additive at all ages [4]. In many cases, those who cease to be exposed to
dust or who stop smoking stop having a productive cough [5]. But do the
cough and sputum represent disease, or are they simply a normal lung defence
against the increased particulate and toxic burden in the large airways? In
other words, does the reported symptom help to define the disease or simply
describe a potential cause of the disease?

The Global Initiative for Obstructive Lung Disease (GOLD) initiative
suggests that chronic sputum production is an early part of the COPD process
and should be used to define an at-risk population. Cough and sputum indi-
cate a cohort who should be targeted for lung function measurements. They
are also a marker of the prevalence of cigarette smoking and thus a useful 
public health measure.

It is still unclear whether cough and sputum are part of the process that
leads to obstruction or an entirely separate phenomenon. Physiologically, the
mucosal thickening in the large airways contributes little to the overall limita-
tion of airflow [6] —and in most patients with moderate to severe reductions in
their forced expiratory volume in 1s (FEV1), it is widespread small-airway 
disease [7] and loss of elastic recoil leading to expiratory collapsibility of the
subsegmental airways in those with emphysema [8] that is responsible.

Fletcher and Peto suggested that chronic sputum production does not 
affect life expectancy and by implication should be considered a separate
process from conditions leading to airflow limitation, which does reduce both
the quality and quantity of life [9]. More recently, Vestbo et al., in a large popu-
lation study in Copenhagen [10], showed that those with cough and sputum
do suffer some loss of life expectancy, suggesting that the separation is less
than complete. There are small but quite subtle changes in lung mechanics and
airflow in patients with chronic sputum production [11], but it is not known
whether these are permanent or whether they reverse on ceasing exposure.

However, when applied to the individual patient, a label of ‘chronic bron-
chitis’ is less helpful. It is possible to have a cough and regular sputum produc-
tion without any decrement in airflow, and it is also true that a third or more of
patients with severe airflow obstruction have no sputum [12]. Detecting a
non-specific symptom should make the clinician consider COPD, but only in
the context of a differential diagnosis that may include many other conditions.
On the other hand, the absence of cough and sputum is not helpful in exclud-
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ing COPD. Symptoms are not a substitute for measuring airflow in all cases of 
suspected COPD.

Can COPD be diagnosed on symptoms and signs?

The first section described the limitations of making a diagnosis from cough
and sputum alone. In more severe disease, there is a much wider range of
symptoms and signs, which are well described. The classic textbook descrip-
tions of the ‘pink puffer’ and the ‘blue bloater’ refer to two of the more severe
manifestations of end-stage COPD. But even these extreme states are not 
exclusive to COPD, and the overlap with other causes of respiratory and
sometimes cardiac insufficiency is significant. It is worth considering how the
COPD patient progresses from rude health to these severe manifestations over
a period of up to 40years or more.

The young 25-year-old smoker has no symptoms or measurable signs, de-
spite a decade of smoking. Large epidemiological studies can demonstrate
small statistically significant decrements in lung function, but the magnitude
(25mL) is too small to be detectable in the individual [13]. Although the dis-
ease process is already active, the exercise ability of young people is usually
limited by the cardiovascular system, and the in-built respiratory reserve
(about 30% of respiratory function) is never called upon. Only a minority of
these smokers will even report a smoker’s cough.

It is only when the continuing damage from smoking erodes the respirato-
ry reserve and lung function becomes abnormal that patients begin to notice
the first signs of breathlessness —in their 40s or 50s. Even at this stage, only a
minority will report cough and sputum, and breathlessness on heavy exertion
may be the only symptom. Those who do not have a heavy task or who do per-
form active physical exercise will be unaware that their maximum perform-
ance is becoming limited. There are likely to be few detectable signs at rest, and
even a wheeze on auscultation can only be elicited on forced expirations.
Many smokers succeed in hiding (or denying) breathlessness either by blaming
‘normal ageing’, or by avoiding breathlessness by giving up heavy exertion
(e.g. retiring from competitive sport), or by avoidance of activity (e.g. using
the car).

When the changes in lung function become moderately severe (an FEV1 of
50% predicted for age and gender), breathlessness on moderate exertion is
difficult to conceal, since it interferes with everyday activity. More than half of
continuing smokers will report troublesome cough and phlegm, and the me-
chanical changes consequent on hyperinflation change the configuration of
the chest. As the disease progresses, the degree of exercise restriction increases
and the clinical signs become more obvious. The limited airflow is audible as
expiratory wheezing, and there is prolongation of the expiratory (compared
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to inspiratory) phase of the breathing cycle —often observable from across the
room. The hyperinflation leads to an elevation of the ribcage and the apparent
barrel-shaped chest —although in fact a barrel-shaped chest (defined as an an-
teroposterior diameter that exceeds the lateral diameter) is actually more com-
mon in kyphosis. It is not known whether the extreme pink puffer and blue
bloater characteristics are actually distinct variants or part of a continuum of
disease. In the former, the features of a pink, thin individual with rapid shallow
breathing and a prominent ribcage demonstrate the dyspnoea and weight loss
common in severe disease, while the cyanosis and fluid retention with swollen
ankles and a raised jugular venous pressure show the problems of hypoxia and
pulmonary hypertension that are also common late features.

Thus, the signs change over the years, and it is not possible to apply a com-
mon rule at all ages. Moreover, none of the features are specific to COPD. Any
cause of pulmonary hypertension can lead to hypoxia and fluid retention.
Wheeze can occur in asthma and in left heart failure. Cough may be part of
asthma or bronchiectasis, or may be due to gastric reflux. Breathlessness is a
feature of heart as well as chest disease. Thus, symptoms either singly or in
combination can make the clinician suspect COPD, but are rarely sufficient
for a firm diagnosis.

The only way of confirming that airflow limitation is present is to measure
it. Just as no doctor would diagnose hypertension without measuring blood
pressure, or diabetes without measuring blood sugar, so no patient should be
diagnosed as having COPD without a positive confirmation that airflow 
limitation is present —i.e. spirometry must be done [14].

Can COPD be distinguished from asthma?

The sceptic might ask, ‘Is there any benefit in making this distinction’? Both
conditions are forms of airflow limitation that are treated by inhaled bron-
chodilators. Both have an element of inflammation, so that particularly in the
more severe cases, the patients receive inhaled steroids. If the treatment is the
same, why bother making a distinction?

However, the causes and pathological processes underlying the two condi-
tions are quite different. The natural history and the outcomes of treatment
are very different, and thus guidelines suggest that both the management plan
and the monitoring of treatment should not be the same.

Differentiation can be made in terms of clinical presentation, physiology,
and pathology.

COPD is rarely present under the age of 40. Thus, younger patients with
wheezing and airflow obstruction are almost always going to have asthma or
occasionally one of the less common causes of airway obstruction, such as
bronchiolitis. In patients over the age of 40, the overlap between the two con-
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ditions is considerable. Both are common —asthma affects up to 5% of the
adult population across all age groups [15], and symptomatic COPD affects
5% of the population aged over 65 [16].

In younger patients, the classical asthma history of acute breathlessness
and wheezing interspersed with periods of complete wellness, especially if
coupled with a history of waking coughing and wheezing in the night, makes
the diagnosis relatively straightforward. In asthma patients over the age of 40,
there is often chronicity secondary to airway remodelling that has led to a non-
reversible element, and the symptom pattern is less clear cut. Even the classical
nocturnal worsening of symptoms is a poor discriminator. Breathlessness on
exertion, wheezing, cough productive of sputum (especially in current 
smokers), are common in both COPD and asthma. Perhaps because of this
lack of specificity, the descriptive definitions used in management guidelines
make little reference to symptoms.

Table 3.1 (adapted from the GOLD document [17]) shows that while there
are symptom and history features that may point to either asthma or to
COPD, there is no cardinal feature that differentiates between the two. Be-
cause atopy and asthma are common, inevitably a significant number of
COPD patients will also have a similar history. Similarly, a significant number
(25% or so) of asthma patients smoke.

COPD was defined by the British Thoracic Society Guidelines [18] in terms
of an abnormal airflow obstruction —a reduced FEV1 and FEV1/forced vital

Table 3.1 A comparison between asthma and COPD.

COPD Asthma

History and symptoms Onset in mid-life Onset early in life (often childhood)
Symptoms slowly progressive Symptoms vary day to day
Long smoking history Non-smoker or variable smoking
Less likely to have a family History allergy, rhinitis, 

or atopic history, but and/or eczema
remember that these are Family history of asthma
common features Dyspnoea immediately after 

Dyspnoea during exercise exertion

Lung function Reduced FEV1 and FEV1/FVC Largely reversible airflow limitation
ratio Function may be normal 

Largely irreversible airflow between attacks
limitation

Pathology Neutrophils Eosinophils and mast cells
CD8+T lymphocytes CD4+Th2 lymphocytes
Parenchymal destruction Thickened basement membrane
Mucus metaplasia Fragile epithelium
Little or no effect of steroids Steroids inhibit inflammation

COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1s; FVC,
forced vital capacity.
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capacity (FVC) ratio —that remains largely unchanged over time. The more
recent GOLD guideline from the WHO [17] includes additional reference to
the inflammation present in COPD. While there is no dispute that the inflam-
mations in asthma and COPD are entirely different, the distinction in clinical
practice is academic, as it is not practical to collect and examine tissue 
routinely. The procedures are too invasive to be justifiable other than for
research studies, since the relevance to better clinical care has yet to be 

demonstrated.
Because it is unusual to have a pathological sample, clinical medicine has

to rely on physiology. But here too, there is no absolute definition of re-
versibility. If a patient’s obstructed lung function is shown to return to the nor-
mal range simply by administering a bronchodilator, then the diagnosis of
asthma is almost certain. COPD is effectively excluded by normal values. Un-
fortunately, in older patients, the reversibility of the airway obstruction is 
partial even in asthma, and the unanswered question is what the smallest 
level of reversibility that diagnoses asthma to be present.

The differentiation is further complicated as COPD varies so much in its
clinical manifestations over the 40–50-year time course. Most patients with
mild disease (an FEV1 of above 60% of that predicted) are likely to report few
or no symptoms, because they have simply lost their respiratory reserve of
function. They rarely present to a doctor. In contrast, a fall of FEV1 from
100% to 70% in an asthmatic over the course of a few hours will almost cer-
tainly be reported as tightness and wheezing. The difference probably reflects
the accommodation to the chronic situation in COPD. Thus, if the FEV1 in a
symptomatic patient is near normal, the diagnosis is more likely to be asthma
than COPD. If a reversibility test returns the lung function to the normal
range, then asthma is confirmed —although an element of coincident COPD
cannot be excluded.

As COPD progresses to moderate impairment, with an FEV1 of around
50% of predicted, chronic symptoms of exertional dyspnoea are likely, al-
though this will be modified by the demands placed on the person concerned —
e.g. by their occupation —and the opportunity to use mechanical aids or avoid
the activity involved. Over half of patients with moderate COPD will exhibit a
significant response of 200mL to bronchodilators. In a few, FEV1 values will
not return to normal, but changes of 300–400mL are strongly suggestive of an
asthmatic component. Up to 20% of patients will also show a 200-mL or more
response to an oral steroid trial (30mg/day for 2weeks). Does this make them
asthmatic —or is the term ‘COPD with an asthma element’ more appropriate?
Chronic asthma patients can show an identical picture, and it is extremely 
difficult to separate patients on clinical or physiological grounds.

At the severe end of the COPD spectrum, with an FEV1 in the range of 35%
of predicted, chronic symptoms are always present. A patient with acute asth-
ma and an FEV1 that has fallen to this level over a few hours is likely to be in ex-
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tremis and is easily differentiated. A few patients with chronic asthma have
values in this range, but they are relatively few in number, and the probability
is that a patient with an FEV1 of 35% predicted is likely to have COPD rather
than asthma. In severe disease, the level of response to bronchodilators is often
small and the potential for confusion with the ‘asthmatic element’ is less.

Thus, in patients with chronic symptoms, the lower the FEV1, the less the
response to bronchodilators, the older the patient, and the heavier the smok-
ing history, the more likely is the diagnosis to be COPD. But this is an inexact
science, and there are as yet no figures to help make this an objective exercise.
But until a simple pathology test is found, it is the best that can be done in the
practical clinical situation.

Why is it necessary to record spirometry in COPD rather than
rely on peak expiratory flow?

Adding peak flow measurement to the assessment of asthma control intro-
duced a whole new spectrum of objective assessment to what had been a very
subjective exercise. Peak expiratory flow (PEF) is a cheap and simple test and
shows a strong correlation with other measures of airflow obstruction. PEF is
quick to record, and serial measures also provide an indication of the variabil-
ity of airflow. It is tempting to extrapolate all the above to COPD. However,
the physiology and uses of the measurements are very different in the two 
conditions.

PEF measures the maximum expiratory flow a patient can achieve 
over a fraction of a second. The level of PEF is related to the airway calibre in
asthma, and there is a reasonable correlation of falling PEF with increasing
symptoms and vice versa. Asthma is very variable, and the PEF may vary by
200L/min between periods of wellness and periods of illness. This may be
from 50% of predicted to normal. This is greatly in excess of the variability of
the measurement (single measurements can vary by ±60L/min), and more-
over the effect of variability of an individual reading is reduced by making 
serial readings over a day or week. The serial PEF chart is a measure of the vari-
ability of the airways and of the average levels of function being achieved. It
provides a useful method for monitoring average levels of lung function and
for documenting the improvement that should follow a successful change in
asthma therapy.

In COPD, the situation is quite different. Symptomatic COPD patients
have much less variability. The range of possible PEF variability is reduced,
such that most COPD patients will not exceed the variation that might be ex-
pected from the measurement itself. If the airflow limitation is essentially
fixed, it is not helpful to use change in lung function as a primary outcome vari-
able, either when assessing treatment or as a marker of short-term decline. The
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prime reasons for a measurement in COPD are to make the diagnosis of air-
flow obstruction and to assess the severity of the abnormality. This requires a
single-visit measure that is robust and repeatable.

Advantages of spirometry

• Spirometry records both FEV1 and FVC and thus FEV1/FVC, which is a
measure of obstruction —PEF cannot differentiate between restrictive and 
obstructive impairments.
• Spirometry can be performed by patients at any level of severity of airway
obstruction with similar reproducibility.
• There are well-defined normal ranges that allow for the effects of age, 
ethnicity and sex, against which the severity of the impairment can be 
calculated.
• The level of the FEV1 predicts future mortality and to the severity of
breathlessness.
• The variance of repeated measurements is lower than for PEF. In COPD,
the variability of the FEV1 between testing occasions is about 170mL [19]
Hence, if values change by more than an absolute value of 200mL, it is unlike-
ly that the difference is due to chance.
• Serial measurements (over several years) are evidence of the rate of 
progression.

Against these advantages must be set the disadvantage that the equipment
is significantly more expensive, and good measurement depends on having a
good technician operating the spirometer [20].

There is one more important reason for preferring spirometry in COPD.
The physiological processes causing the airflow limitation differ between
COPD and asthma. This leads to an altered relationship between FEV1 and
PEF. The airway narrowing of asthma is mostly from bronchospasm of major
airways. During expiration in COPD, it is due to a combination of bron-
chospasm in larger to medium airways, small-airway narrowing and oblitera-
tion, and collapsibility of the segmental airway secondary to the loss of elastic
tissue within the lungs. It is probably the latter feature that upsets the relation-
ship. Fig. 3.1 shows the expiratory flow volume loop for a patient with severe
COPD compared with that for a healthy person. The patient’s FEV1 is reduced
to 0.8L or 33% of the normal example, whereas the PEF is relatively preserved
at 5.7L/s (340L/min) (80% of predicted).

As normal expiration begins (point ‘a’), there is a rapid increase in expira-
tory flow until the flow becomes limited by the airway dimensions and peak
flow is reached (point ‘b’). As expiration continues in the healthy subject
(upper trace), flow decreases slowly and progressively until the person 
reaches their residual volume when flow ceases (point ‘d’).
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In the COPD patient, the initial rapid rise in expiratory flow is similar, but
to a lower peak (point ‘b’); then, as intrathoracic pressure increases in the early
part of expiration, that pressure is transmitted to the segmental airways,
which have lost the elastic attachments that enable normal airways to resist
compression [21]. The airways therefore ‘collapse’ and obstruct the passage of
air through those airways. This results in the rapid reduction in flow after the
peak has been attained (point ‘c’). Flow in the remainder of the expiration re-
mains low, limited by the collapsed airways. A feature of severe COPD such as
this is that airflow during tidal breathing (when the patient is generating 
less intrathoracic pressure) may be better than in the forced expiratory 
manoeuvre.

What differential diagnoses must be considered and how
should other diagnoses be excluded?

• Heart failure
• Bronchiectasis
• Asthma.
The diagnostic overlap with asthma has already been described. Table 3.2
compares the symptoms, signs and test results typical in COPD, ischaemic
heart disease and bronchiectasis.

In early to moderate disease, the symptomatic overlap between COPD and
ischaemic heart disease (IHD) is almost complete and there are no reliable dis-
tinguishing features. The radiographic features are a guide, but are not ab-
solute. COPD patients may have no evidence of hyperinflation and may have
a large heart (without failure) on a radiograph, whereas cardiac patients do
not necessarily exhibit cardiac enlargement. It is the FEV1 that is most helpful,
although even then chronic cardiac failure is often associated with mild reduc-
tions of FEV1. However, a clue to a cardiac problem is that the level of dysp-
noea is disproportionately more severe than the reduction in FEV1. COPD
patients with symptoms will always have a significant FEV1 reduction.
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The overlap with bronchiectasis is different, and here it is the long history
and the volume and colour of sputum that usually will distinguish it from
COPD. Some auscultatory but scanty crackles are common in COPD and are
not always present in mild or focal bronchiectasis. Similarly, the FEV1 can be
abnormal in both, but the chest radiograph and particularly the computed 
tomography (CT) scan usually make the differentiation obvious.

The message from these examples is that sorting out a differential diagno-
sis in individual patients on the basis of history and clinical signs alone is often
unreliable, so that the best management will almost always be dependent on
further investigations. Once made, the diagnosis is likely to be unchanged for
many years, and the costs of these investigations are therefore proportionately
quite low compared with the benefits to the patient of getting the therapy cor-
rectly focused (Table 3.2).

Some diagnostic examples

Most books describe the typical features of each condition, and it is often dif-
ficult for the clinician to relate the rather dry descriptions to the particular 
individual in the consulting room. This section describes the diagnostic prob-
lems in five real patients as they presented to the author. They are by no means
inclusive of all the situations that may arise, but are intended to illustrate the
need for objective assessment in order to deliver appropriate therapy for con-
ditions that will require the patient to continue attending for medical help over
many years. The first three arrived in the clinic over a 2-week period, and show

Table 3.2 A comparison of clinical features in three overlapping conditions.

COPD Ischaemic heart Bronchiectasis
disease

History to childhood No No Often
Smoking history Always Often Sometimes
Breathlessness +++ +++ +++
Wheeze ++ + +
Sputum +- + - +++
Early morning symptoms +- +-
Nocturnal wakening + ++
Cyanosis ++ ++
Ankle swelling ++ ++
Auscultation for crackles Variable, scanty coarse Fine if failure present Coarse
Abnormal FEV1 Severe Normal or mild Usually
CXR Overinflation Large Ht/LVF Increased markings
ECG Variable Variable Often normal
CT scan Emphysema Normal lungs Dilated bronchi

COPD, chronic obstructive pulmonary disease; CT, computed tomography; CXR, chest X-ray;
ECG, electrocardiography; FEV1, forced expiratory volume in 1s; LVF, left ventricular failure.
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how failure to measure lung function and to evaluate that information criti-
cally led to inappropriate management, which in one case had continued for
many years.
• A 56-year-old man was referred because he wanted to be considered for
early retirement on the grounds of ‘emphysema’, which had been treated with
nebulized bronchodilators for the preceding 15years. Unusually for a man 
requiring high-dose therapy, he had had little time off from work as a ware-
houseman during the 15years. His occupational health physician was con-
cerned because his FEV1 was 79% of predicted and this did not ‘fit’. The
consultant agreed that despite a long smoking history, the almost normal
spirometry meant that this man had little or no respiratory limitation and that
his nebulizer was entirely inappropriate. There were no clues to suggest 
asthma, and he was not receiving steroids in any form. Further investigation
included a cardiorespiratory exercise test, which showed he was capable of a
normal maximum workload. The patient was pleased that he did not have se-
vere emphysema, but was concerned as to whether he could claim back the 15
years of charges for the drugs that he had been prescribed unnecessarily!
• A 62-year-old woman was referred to the clinic as having COPD, with an
FEV1 of 60% of predicted, that had been unresponsive to inhalers or oral
steroids over some months. She had ceased to smoke some 3years before. She
complained bitterly of a dry, ticklish cough and was breathless when climbing
stairs at home or on going to the shops. The response to inhalers had been dis-
appointing. On examination in the clinic, there was no wheeze on ausculta-
tion and the chest was clinically clear. On inspection of the spirometric traces,
it was immediately obvious that the pattern of the trace was not obstructive;
the FVC was also reduced to 60% of predicted and had been overlooked. The
eventual diagnosis was a fibrosing alveolitis, possibly related to her (at that
time) very mild rheumatoid disease. Inhalers were withdrawn.
• The third man was 67, had been a heavy smoker (45 pack-years), and was
referred as having ‘COPD that was responding poorly and should be assessed
for a nebulizer prescription’. He had become progressively more limited in his
ability to walk since his retirement 5years earlier and had a productive cough,
worst in the mornings. His FEV1 was markedly reduced to 0.7L. A single dose
of nebulizer in the clinic caused an improvement to 1.3L, and after a trial of
oral steroids, his FEV1 rose to 2.7L and he described feeling 20years younger.
Although he had been symptomatic for many years, he and his doctors had as-
cribed the symptoms to his smoking and had never considered the diagnosis of
asthma. Even on reflection in this case, there were no particular clues that
could or should have made the general practitioner specifically consider 
asthma.
• A 60-year-old housewife complained of having experienced increased
breathlessness for some years, especially when shopping and hoovering. She
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had become unable to join friends for bridge because she was too breathless to
make the journey. She had smoked 15 cigarettes per day for 34years and was
intelligent enough to have linked this to her breathlessness, although not intel-
ligent enough to have stopped smoking. Her FEV1 was 0.8L and her FVC 1.9
L. A peak flow chart over 2weeks showed a low level of variability between
120 and 150L/min. She was given a trial of oral prednisolone (30mg/day)
over 2weeks and her FEV1 increased to over 1.5L with concomitant sympto-
matic benefit. She stopped smoking then and there and remained well and 
active on inhaled steroids.
• A man of 57 was referred with a 15-year history of cough and sputum and
wheezing, which had at first responded ‘well’ to asthma inhalers but had be-
come progressively less responsive. He was now struggling for breath after
walking 100m on level ground. His FEV1 was just 0.6L and his PEF flow chart
was unvarying. In the previous 4years, oral prednisolone had been added and
in the previous 12months he had begun using nebulized bronchodilators. In
addition, osteoporosis had been diagnosed. He insisted that he had stopped
smoking. No treatment helped and he died 6months later. The post-mortem
revealed gross centrilobular emphysema, and it also emerged from a relative
that he had actually continued to be a ‘secret smoker’ despite his denial.

Accurate diagnosis does matter. In each of the above cases, a little more
care initially and an objective measurement (i.e. spirometry) could have saved
time and effort for the health services, as well as being better for the patient.
COPD management can be quite logical.
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4: Is it possible for spirometry to become a
universal measurement?

David Bellamy

Introduction

Spirometry is an essential tool for the diagnosis and long-term monitoring of
chronic obstructive pulmonary disease (COPD). It is the only means to accu-
rately assess the severity of airflow obstruction and is helpful in planning treat-
ment and its response in COPD. Spirometry can separate obstructive lung
conditions from restrictive diseases and is of great value in the investigation of
breathlessness. In addition, abnormal spirometric tests can act as a marker for
increased mortality and risk in coronary artery disease, stroke and lung cancer
[1].

Basically, spirometry measures airflow from fully inflated lungs together
with the total volume of air that can be exhaled. The three indices that are 
clinically important are:
• Forced vital capacity (FVC) —the volume of air that can be exhaled from
fully inflated lungs
• Forced expiratory volume in 1s (FEV1) —the volume of air that can be ex-
pired with maximal effort from fully inflated lungs in one second.
• The ratio of FEV1/FVC as a percentage. The normal range lies above 70%.
FEV1 tends to be an index of airflow and FVC of lung volume. The FEV1/FVC
ratio when reduced below 70% indicates airflow obstruction.

Historically, spirometry was expressed as a curve of exhaled volume ver-
sus time. With the development of flow transducers, many spirometers also
produce a representation of the exhaled manoeuvre as a flow–volume curve.
Normal volume–time and flow–volume curves are shown in Fig. 4.1.

Why is spirometry the measurement of choice in COPD?

The FEV1 is accurate and reproducible. The variance of repeated measure-
ments in the same individual is low and normally less than 200mL.

There are well-defined tables of normal values for FEV1 based on age, sex,
height and ethnic origin.
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FEV1 is the best predictor of prognosis in COPD. Spirometry is relatively
quick and easy to measure and is applicable for children over 6years to old
age. It is appropriate for all levels of severity of COPD.

The FVC, being more effort-dependent, is slightly less reproducible and
more susceptible to errors such as poor effort and stopping blowing too early.
In addition, some flow-dependent spirometers may underestimate FVC at the
low flow rates found in severe COPD. If the FVC is underestimated, the
FEV1/FVC ratio may give a falsely high result.

Peak expiratory flow (PEF) is unreliable for airflow obstruction in COPD,
often seriously underestimating the degree of airflow present [2]. This is relat-
ed to COPD being a disease of smaller airways that is identified by FEV1 but
not by PEF, which measures flow mainly in the larger airways.

What equipment is needed?

There are many types of spirometer currently in use, and in general they per-
form measurements accurately. Spirometers broadly fall into two categories —
those that measure volume directly, such as bellows-type spirometers; and
those that measure flow and derive volume. The flow-based spirometers use a
pneumotachograph or turbine, which records pressure change with time and
integrates the flow–time signal to obtain volume. Computer enhancement has
greatly improved the accuracy of these instruments.

Spirometers have an assortment of graphical displays, from paper print-
outs to digital real-time visual display of either flow–volume or volume–time
curves. Hard copy can be obtained from the latter, or the signal can be passed
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through a computer for storage or printing. More expensive and accurate
equipment tends to be used in lung function laboratories in hospitals, and sim-
pler (less expensive) portable electronic units in primary care. The cheapest
hand-held spirometers for primary care tend to provide only numerical values
for FEV1 and FVC, but no printout. This is undesirable, as it offers no way of
assessing the accuracy and quality of the blows.

All spirometers require calibrating, preferably with a 3L syringe. Calibra-
tion is carried out daily in lung function laboratories, but far less so in primary
care. Some manufacturers of spirometers claim their equipment’s calibration
remains stable over 2–3years without regular calibration.

It is important for reliable consecutive readings on a given patient that 
the same spirometer should be used. Some research from the UK [3,4] 
has compared pneumotachograph, turbine and wedge bellow spirometers.
The FEV1 volumes were similar, but measurements of FVC and vital capacity
(VC) with the turbine machine were 400–500mL less than with the other
types of spirometer. The authors suggest this could be due to inadequate vol-
ume measurement at low flow rates, which is frequently found in patients with
moderate to severe COPD. Since these studies, manufacturers of turbine
spirometers have made modifications to correct the tendency to low readings
of FVC.

The essential requirements for a spirometer are thus:
• The need for calibration.
• A hard copy or visual display of blows in real time, to assess accuracy and
reproducibility.
• Ideally, the ability to superimpose traces with repeated blows.
• Some electronic spirometers calculate the percentage variation between
blows, or give a bleep if blows are performed inadequately.

What constitutes an acceptable test?

The following criteria need to be satisfied:
• At least three technically satisfactory readings.
• The volume–time traces are smooth and free from irregularities suggesting
a slow start, submaximal effort or coughing.
• At least two of the readings of FEV1 should be within 100mL or 5% of
each other.
• The reading has been continued for long enough for a volume plateau to be
achieved. This can take up to 15s in patients with severe COPD.
• The best FEV1 and FVC are reported and compared with predicted normal
results.
• Temperature and atmospheric pressure measurement may be appropriate
in hospital lung function laboratories, but not in primary care.
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Training

The key to accurate and meaningful spirometry readings is through approved
training in the techniques and interpretation of spirometry. The importance of
training cannot be over-emphasized.

Respiratory technicians in hospitals will usually have a university 
degree and then undergo a year’s specific training in respiratory physiological
measurement and interpretation. In the UK, the Association for Respiratory
Technology and Physiology (ARTP) set standards for training, examination
and quality control. Criteria for the recommended performance of lung 
function measurement and equipment specification are set out by the 
American Thoracic Society [5,6] and European Respiratory Society [7].

In the UK, the ARTP, in conjunction with the British Thoracic Society
(BTS), has developed a certificate in spirometry with accredited training,
course work and examination, which is available to doctors and nurses in 
primary care or hospital staff. Training and knowledge in primary care are
generally poor and inadequate.

What are normal and predicted values?

It is common practice for the results of spirometry to be interpreted in relation
to reference values and in terms of whether or not they are considered to be
within the ‘normal’ range [8,9]. Most equipment manufacturers follow these
guidelines.

There may be potential causes for variation in clinical measurement,
which include:
• Technical variation of the instrument.
• Performance of the test.
• Interpretation of the procedure by the operator.
• Position of patient during the procedure.
These variations must be evaluated and standardized as much as possible.

Clinically, the most important factors responsible for individual variations
are: 1, gender; 2, height; 3, age; and 4, ethnic origin, together with the presence
or absence of respiratory disease. Compared with a Caucasian population,
black races tend to have predicted normal values approximately 13% less.
Asians are intermediate.

The distribution of FEV1 and FVC in population studies are near to 
Gaussian in the middle range but less so at the extremes. Reference values are
most commonly calculated by a linear regression equation, but care should be
taken in interpreting data outside the age range from which the population 
of normal individuals is sampled.
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In clinical practice at hospitals and in primary care, values of FEV1

and FVC are traditionally expressed as a percentage of the mean normal value
for that individual. A value below 80% predicted is said to be abnormal. 
This has the major advantage that it immediately defines the level of severity 
of COPD present within a given patient. Many electronic spirometers 
provide results in this format. However, statistically, a more accurate repre-
sentation of normal and abnormal values is by using the 95% confidence 
limits of the regression equation. An abnormal result is one which falls below
the 5th percentile range. The figure can be calculated from: lower limit of nor-
mal = predicted value – 1.645¥SEE, where SEE is the standard error of the es-
timate (the average standard deviation, SD, of the data around the regression
line). A recent review by Quadrelli et al. [10] has compared normal values
using the two methods above for different prediction equations and found
that, particularly in shorter and more elderly people, the lower normal range
figure is often in the 60–80% predicted range. Thus, the percentile calculation
provides a more accurate assessment of normal limits, where percentage pre-
dicted can provide a measure of the degree of deviation from the predicted
value. Data for patients whose values lie close to lower limits should be inter-
preted with caution. It is also not acceptable to use a fixed FEV1/FVC ratio as
a lower limit of normal [8].

Predicted value reference equations

Reference values are derived by measuring lung function in a standardized
way in a large group of non-smoking normal individuals. Many such reference
ranges exist in the US [11–14]. In Europe, most lung function departments and
equipment manufacturers use the European Community for Coal and Steel
(ECCS) equation [15]. This was derived from a review of the European litera-
ture for lung function in normal Caucasian men and women age 25–70 years,
and an overall mean of the reviewed data is represented. There are also refer-
ence ranges for different ethnic groups and children.

Quadrelli et al. [10] have compared the values of FEV1 and FVC for a range
of commonly used predictive ranges from the USA and Europe (Table 4.1).
There are significant differences for both men and women, especially with 
increasing age. The differences may be explained to some extent on the basis 
of ethnic, social and geographical variations, as well as environmental 
exposure.

From a practical point of view, it is important to chose an appropriate pre-
dictive equation that is pertinent to the majority of patients being studied and
to keep to it. Changing electronic equipment with different normal values will
introduce unnecessary error.
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What do the traces show?

A forced expired spirogram may show a number of characteristic patterns:
• Normal
• Obstructive pattern
• Restrictive pattern

Normal

The volume–time trace should have a rapid smooth initial rise in volume, with
flattening of the trace to a plateau within 3–5s. Greater than 70% of the total
expired volume should be exhaled in the first second. The flow–volume trace
also has a steep smooth initial phase leading to the maximal expiratory flow
level and then flow rate decreases in a fairly linear way until the residual vol-
ume is reached. Following three satisfactory blows, values for FEV1, FVC and
the FEV1/FVC ratio can be obtained and compared with predicted values for
the individual.

Obstructive pattern

Airflow obstruction is seen most commonly in asthma and COPD. It repre-

Table 4.1 Predicted values for forced expiratory volume in 1s (FEV1) and forced vital capacity (FVC) in men 1.70m in
height and women 1.60m in height, derived from different reference equations. Adapted from Quadrelli et al. [10].

FVC FEVl

Age Morris Cherniack Crapo Knudson ECCS Morris Cherniack Crapo Knudson ECCS
(y) [11] [12] [13] [14] [15] [11] [12] [13] [14] [15]

Men
20 5.17 4.63 5.11 4.96 4.93 4.25 4.13 4.35 4.20 4.14
30 4.92 4.49 4.90 4.66 4.67 3.92 3.90 4.11 3.91 3.83
40 4.67 4.35 4.69 4.36 4.41 3.60 3.67 3.87 3.62 3.52
50 4.42 4.21 4.48 4.06 4.15 3.29 3.44 3.63 3.33 3.21
60 4.17 4.07 4.27 3.76 3.89 2.97 3.21 3.39 3.04 2.90
70 3.92 3.93 4.06 3.46 3.63 2.65 2.98 3.15 2 75 2.59
80 3.67 3.79 3.85 3.16 3.37 2.33 2.75 2.91 2.48 2.28

Women
20 3.91 3.58 3.84 3.57 3.83 3.17 3.23 3.40 3.44 3.64
30 3.67 3.43 3.625 3.40 3.56 2.92 3.04 3.14 3.24 3.33
40 3.43 3.28 3.405 3.23 3.29 2.67 2.85 2.88 3.04 3.02
50 3.19 3.13 3.18 3.06 3.02 2.42 2.66 2.62 2.84 2.71
60 2.95 2.98 2.96 2.89 2.75 2.17 2.46 2.36 2.64 2.40
70 2.71 2.83 2.74 2.72 2.48 1.92 2.28 2.10 2.44 2.09
80 2.47 2.68 2.52 2.55 2.21 1.67 2.00 1.84 2.24 1.78

ECCS, European Community for Coal and Steel; FEV1, forced expiratory volume in 1s; FVC, forced vital capacity.
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sents narrowing of larger to peripheral airways. Spirometry provides the best
means for assessing the degree of severity of airflow obstruction and also the
response to bronchodilator or corticosteroid treatment.

With increasing levels of obstruction, the initial slope of the volume–time
curve becomes progressively less steep and it frequently takes longer to empty
the lungs and achieve an FVC plateau. In severe COPD, this may take 15–20s.
The absolute value of FEV1 falls, as does the ratio of FEV1/FVC. The FVC
tends to be better maintained until severe levels of obstruction are observed,
when it falls. The flow–volume trace continues to show a steep initial rise, but
the maximal flow decreases as obstruction becomes worse. The characteristic
part of the trace is a concavity of the second part of the curve, the depth of
which increases with greater airflow obstruction. Patients with more 
advanced emphysema may show the diagnostic ‘steeple’ appearance, with a
rapid fall of flow from the maximum levels and then a slow, long tail to resid-
ual volume (RV). Illustrative examples are shown in Fig. 4.2.

Restrictive pattern

This type of trace occurs in parenchymal lung disease such as fibrosing alve-
olitis, sarcoid and conditions that constrict the lungs or thoracic cage. The
shape of both volume–trace and flow–volume curves is similar to that of nor-
mal individuals. On examining the absolute values for FEV1 and FVC, they
will be reduced in parallel, indicating small lungs. The FEV1/FVC ratio, how-
ever, will be normal or even high (Fig. 4.3).

Combined obstruction and restriction

This is often difficult to interpret accurately. The traces will show evidence of
airflow obstruction, with concavity of the second phase of the flow–volume
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trace. The value of FVC will be significantly reduced, but the ratio of
FEV1/FVC should still be below 70%. It is not easy to differentiate this from
more severe obstruction with loss of FVC without more detailed lung function
tests.

The choice of severity values in COPD guidelines

Over the last few years, national and international clinical guidelines have
been produced for the management of COPD. Each set of guidelines has cho-
sen values of FEV1 percent predicted to categorize mild, moderate and severe
levels of COPD.

Values of FEV1 greater than 80% are within two standard residuals of the
predicted mean and are thus considered to be within the normal range. The
American thoracic Society (ATS), in assessing levels of respiratory disability
[16], choose 60% and 40% FEV1 as indicators for mild, moderate and severe
disability. The same levels were used for the British Thoracic Society (BTS)
guidelines [17].

The ATS COPD guidelines [18] decided on three levels of severity based on
80%, 50% and 35% predicted. The European Respiratory Society guidelines
[19] opted for 90%, 70% and 50% predicted. There has been no scientific 
evidence quoted for justifying these values (Table 4.2).

How does FEV1 correlate with various clinical parameters?

FEV1 is the best predictor of progress and mortality in COPD. It also corre-
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lates well with morbidity, those with lower functions having more respiratory
symptoms.

Reduced FEV1 is also associated with worse prognosis in lung cancer, car-
diovascular diseases and diabetes. The Renfrew study [20] showed increased
risk of death in cardiovascular disease in those with reduced FEV1, even in life-
long non-smokers.

FEV1 is useful in monitoring disease progression with serial readings, but
these should be taken under conditions of clinical stability and not after 
exacerbation.

FEV1 does not correlate well with symptomatic improvement after bron-
chodilator reversibility testing. The VC, if carried out properly, may be a bet-
ter indicator here, as bronchodilators work mainly to reduce hyperinflation
and the work of breathing.

Although decreasing FEV1 is associated with greater respiratory symp-
toms, it does not correlate particularly well with quality of life questionnaires
or with the Sickness Impact Profile [21]. The relationship with walking dis-
tance also shows only poor to moderate correlation [22].

How is spirometry used in primary care?

Perhaps the greatest challenge in COPD management is to encourage the
widespread, accurate and appropriate use of spirometry in primary care,
where the majority of COPD is diagnosed and managed.

Until the publication of the British Thoracic Society (BTS) COPD guide-
lines in 1997 [17], COPD management had been largely neglected and was
very much considered a disease process for which little could or, indeed, need-
ed to be done other than to suggest that patients should give up smoking. The
use of spirometers on a regular basis to diagnose and assess the severity of
COPD was minimal.

Table 4.2 Chronic obstructive pulmonary disease guidelines —severity levels of forced
expiratory volume in 1s (FEV1) % of predicted.

Mild Moderate Severe

ATS guidelines [18] 80% 50% 35%
ERS guidelines [19] 90% 70% 50%
BTS guidelines [17] 80% 60% 40%
GOLD global guidelines [30] FEV1/FVC<70% 30–80% <30% predicted

with FEV1≥80% (or<50% plus
with or without respiratory failure
symptoms or right heart failure)

ATS, American Thoracic Society; BTS, British Thoracic Society; COPD, chronic obstructive
pulmonary disease; ERS, European Respiratory Society; GOLD, Global Initiative for Chronic
Obstructive Lung Disease; FEV1, forced expiratory volume in 1s; FVC, forced vital capacity.
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In 1996, a postal survey [23] of 2548 randomly selected general practi-
tioners (GPs) in the UK revealed that, of the 931 who returned the question-
naire, 39% had a spirometer in their practice. Of those who owned or were
intending to buy a spirometer, 86% said that the practice nurse would carry
out the testing. Ninety percent agreed that the nurse needed appropriate train-
ing. At the time of the survey, 61% of the owned spirometers were of the sim-
ple hand-held electronic variety, with no graphical display. Disappointingly,
only 11% of responders had access to open-access spirometry at the local hos-
pital. The disadvantage of postal surveys is that the data obtained tend to be
biased by the interests of those who return the questionnaire. It is therefore
likely that the true figures for the proportion of practices with a spirometer
was considerably less than 39%.

When the BTS COPD guidelines were produced, a considerable effort was
put into disseminating an attractively presented four-page summary to a wide
range of health professionals. All primary-care physicians received a copy, as
well as approximately 15000 practice nurses who were known to have an in-
terest in asthma or run clinics in asthma. This mailing, coupled with postgrad-
uate meetings and the setting up of training courses in COPD and spirometry
for practice nurses, greatly increased the awareness of COPD, its effective
treatment, and the measurement of FEV1 to make a diagnosis and assessment
of disease severity.

Primary-care practitioners are now systematically evaluating patients
with chronic respiratory symptoms, many of whom have been diagnostically
labelled as asthmatic, to determine the correct diagnosis and assess severity
and reversibility. The most appropriate therapy can then be provided. An
analysis by Pinnock et al. [24] of 100 consecutive patients with respiratory
symptoms referred for spirometry in a large general practice in Kent has 
clearly outlined the value of spirometry. Sixty-five patients with airflow ob-
struction were identified, and with bronchodilator reversibility testing, COPD
was differentiated from asthma. Twelve previously undiagnosed restrictive
defects were identified, with the remainder of the patients being normal.

In the last few years, many practices have purchased spirometers, a high
proportion of which have the preferred facility for graphical display and thus
allow more effective evaluation of blowing technique and reproducibility.
Hospital pulmonary function laboratories are also making access to lung
function testing more readily available.

A face-to-face marketing survey of 209 general practitioners and 102 prac-
tice nurses carried out on behalf of the BTS COPD Consortium in 1999 [25]
revealed that 50% of GPs and 69% of practice nurses had spirometers in their
practices. Where there was no spirometer in the practice, over 75% sent 
patients to the local hospital for lung function testing. Spirometers are used in
primary care twice as often by nurses than by GPs. Encouragingly, 93% of the
nurses had received some training in spirometry, compared with 60% of GPs.
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The survey is to be repeated after the circulation of a simple, practical booklet
on the uses, technique and interpretation of spirometry in primary care.

A postal survey carried out by the author in Dorset in 2002 showed the
number of practices with a spirometer has risen to 80%.

Should spirometric screening of asymptomatic smokers 
be organized?

Since some degree of impaired lung function is likely to be measurable by the
age of 40–50years in the 20% of smokers who are susceptible to tobacco
smoke, there might appear to be some logic in screening this group of smokers
to detect early disease. Symptomatic COPD may be totally prevented if 
patients can be persuaded to quit smoking at this early stage of mild airflow
obstruction.

Attractive though this idea might initially seem, there are many questions
that need to be asked about the efficacy, manpower implications and cost ben-
efits of widespread screening before it can become routine practice in primary
care. There are relatively few data on the prevalence of airflow obstruction in
asymptomatic smokers over the age of 40years, but as yet unpublished studies
from Poland, the USA and the UK suggest figures between 15% and 25%. A
study by Freeman [26] found 19 smokers with mild or moderate levels of
COPD in the first 100 patients she screened.

As yet, there have been no studies to measure the effect on smoking quit
rates if smokers are found to have abnormal lung function. It is always difficult
to persuade symptomatic COPD suffers to stop smoking, but will the knowl-
edge that their lungs are not normal encourage a greater proportion to quit
smoking? This would surely be a primary goal of screening. A large controlled
study is urgently needed.

A negative aspect of spirometric screening of smokers might be a reassur-
ance that if their lung function is normal, it is perfectly all right to continue
smoking.

Large-scale screening in primary care will have considerable time and cost
implications, particularly for practice nurse involvement. Screening could be
opportunistic, or more formalized in special clinics. However, formal evalua-
tion needs to take account of the cost–benefit ratio of such screening.

Using a case finding approach, van Schayck et al. [27] found that when
smokers were preselected on the basis of chronic cough the proportion with
abnormal FEV1 rose to 27%, making screening more time and cost efficient.

How can quality control of measurement be achieved in
primary care?

Whereas respiratory technicians in hospital have at least one year’s formal
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training in respiratory function testing, no such schemes exist in primary care.
Training of practice nurses at best may run to 1–2-day courses, some of which
will deal with affiliated topics other than pure spirometry. Courses for GPs are
likely to be no more than a half-day session, which may provide the basics but
contain little in-depth knowledge.

Hospital technicians will check and calibrate equipment daily, but de-
pending on the type of spirometer, no such regular calibration is likely to occur
in primary care. If spirometry occurs in designated clinics, equipment can be
calibrated beforehand, but as much work in primary care is opportunistic and
appointments are likely to be less than 10min in duration, there is often no
time. There is thus an attraction for GPs to purchase electronic spirometers,
with which the manufacturers say no calibration is required except at an 
annual service. Being able to switch on a spirometer and type in height, age and
sex details and immediately be able to perform the blows is much more com-
patible with the hectic pace of a general-practice surgery. The choice of
spirometer for primary care should certainly be influenced by the way it is 
likely to be used. Opportunistic measurements definitely require a very quick
and simple-to-use machine. Clinics can better utilize machines with which
more calibration has to be performed initially.

Whichever spirometer is selected, it is essential that the doctor or nurse is
fully aware of patient preparation, the technique for performing the blows,
the problems that arise with poor blows and the criteria for good repro-
ducibility. Knowledge is also needed to interpret traces and figures.

The following points constitute the basis of good spirometric technique.

Preparing the patient

1 Patients should be clinically stable over the previous 4weeks.
2 The subject’s age and height are obtained.
3 Ideally (particularly if performing a bronchodilator reversibility test), the
patient should not have taken a bronchodilator for the previous 6h, a long-
acting b-agonist for 12h and theophyllines for 24h. This may not be feasible
for opportunistic measurement.
4 Ensure that patients are comfortable. Invite them to empty their bladder, 
request that they loosen any tight-fitting clothing and remove loose dentures.
5 When prebooking the patient for a spirometry clinic, written instructions
should ideally be provided.

Blowing technique

1 Patients should be relaxed and seated in an upright position (performing
tests while standing may cause faintness and dizziness after repeated blows).
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2 Explain and demonstrate the technique.
3 The subject should take a maximal breath in and place the lips around the
mouthpiece to form an airtight seal. A nose clip is generally not required.
4 Exhale as hard, fast and completely as possible, with lots of encouragement
from the operator. In a healthy subject, it usually takes 3–4s to complete the
blow. With airflow obstruction, it is more difficult for the patient to blow air
out rapidly, and exhalation in more severe COPD may take 15–20s.
5 Allow adequate time —including time for recovery —between blows, with a
maximum of six forced manoeuvres in one session.
6 The operator should observe the patient during the manoeuvres to check
for leaks around the mouthpiece and that the procedure is being performed
correctly.

Technical standards

1 Three technically satisfactory manoeuvres should be made with good re-
producibility. At least two readings of FEV1 should be within 100mL or 5% of
each other. Some electronic spirometers calculate the variation between blows
automatically.
2 Usually, the best readings of FEV1 and FVC are accepted.
3 Common technique problems include:

• An incomplete blow —stopping too soon.
• Slow start to the blow.
• A cough in the middle of the blow.

4 It is very difficult to assess correct technique and reproducibility without a
visual graphical display.
5 The best values of FEV1, FVC and FEV1/FVC are compared with the pre-
dicted values for the subject.
6 A hard copy of the tracings and results should be kept in the patient’s
records.

The limited published literature on quality assurance for spirometry in pri-
mary care paints a rather gloomy picture. A recent study [28] from New
Zealand assessed the effect of a 2-h workshop for doctors and practice nurses
where particular attention was paid to the practical aspects of spirometry and
quality assurance. Over the following 12weeks, ‘trained’ staff and a control
group who did not attend the spirometry workshop performed tasks on an
electronic hand-held Vitalograph device that had a capability for alerting op-
erators when the quality of blows was poor (e.g. a slow start) and also gave 
the level of variance between blows. All blows were analysed for acceptability
on the fairly strict ATS criteria. Only 18.9% of the trained group and 5.1% of
the control group performed three acceptable blows. Two acceptable blows
(which may be adequate for primary care) were achieved in 33.1% and 12.5%
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of the trained and control groups, respectively. The main reason for non-
acceptability was failure to satisfy a blow lasting at least 6 s. The study sug-
gests that the majority of FEV1 measurements may thus be acceptable.

The study also demonstrated a good learning effect from the workshop.
However, in a random selection of 559 traces, only 55% were shown to have
the correct interpretation when reviewed by expert pulmonologists.

A study from the Netherlands [29] examined the quality of instruction and
subsequent patient use of the spirometer in a group of practice nurses or prac-
tice assistants who had been given several training sessions. Overall, about
half the instructors and half the patient performance items were considered to
have been carried out satisfactorily.

A review of primary-care spirometry has recently been published [30],
which provides a good overview of some of the topics discussed in this chapter.

Conclusions

Spirometry is obviously in its infancy as a diagnostic tool in primary care. To
establish reliable, accurate and reproducible spirometric readings together
with the knowledge to interpret traces correctly, there needs to be:
• A large number of good-quality accredited teaching courses.
• Follow-up assessment of practical and theoretical knowledge.
• Encouragement for primary-care practitioners to become involved in per-
forming spirometry.
• Support and teaching by local respiratory physicians and lung function
laboratory staff.

It is unrealistic to assume that in the near future, primary care will achieve
the high standards of accuracy demanded from an accredited hospital respira-
tory function unit. Primary care must be encouraged and nurtured to start 
performing spirometry. The essential training process involved must always
emphasize quality and correct technique.

The types of spirometer used in primary care will need to be simple to 
use and access, provide real-time graphical displays and printouts and be 
fairly inexpensive. Most will be electronic devices, which have the added 
advantage of being small, portable and containing technology that will 
allow storage of multiple blows and provide instant feedback on reproduci-
bility of blows. They also calculate predicted values, thus saving the busy prac-
titioner valuable time. By hospital standards, such equipment may be thought
inferior and possibly inaccurate, particularly when calibration is not regul-
arly performed. However, the devices definitely fulfil the role and clinical
needs of primary care in helping to screen, diagnose and assess severity of
COPD, as well as giving valuable information about many other forms of res-
piratory disease.
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5: Assessment of disability: what test, or
combination of tests, should be used?

Denis O’Donnell and Michael Fitzpatrick

Assessment of disability

Disability is defined by the World Health Organization as ‘any restriction or
lack of ability to perform any activity within the range of normal for a human
being’ [1]. In COPD, structural and physiological impairment of the respira-
tory system is associated with varying degrees of disability. However, the 
clinical assessment of the COPD patient in the past has relied heavily on the
quantification of physiological impairment with little attention given to 
the assessment of the consequent disability. The increasing realization that 
common spirometric measures of pulmonary impairment correlate only
weakly with exercise intolerance, symptom intensity, and quality of life, has
prompted a search for better evaluative methods. This review focuses on the
interface between physiological impairment and disability in COPD and
forms the basis for a more comprehensive clinical assessment of the sympto-
matic patient.

Why does decrement in FEV1 not correlate precisely 
with disability?

The forced expiratory volume in 1s (FEV1) is the most common test of physio-
logical impairment in COPD, and has stood the test of time. It is a simple repro-
ducible test, it is of unquestionable diagnostic utility, it is useful in following the
course of the disease, and is a valuable prognostic indicator. The term COPD,
however, encompasses heterogeneous pathophysiological derangements of
the small and large airways, lung parenchyma and capillary bed in highly vari-
able combinations and these diverse structural abnormalities are unlikely to be
reflected in one simple spirometric test. Therefore, it is not surprising that the
FEV1, which is a crude measurement of overall physiological impairment, has
been shown repeatedly in research studies to correlate poorly with measures of
disability such as symptom intensity and exercise capacity in COPD [2–4]. This
poor statistical correlation is borne out by common clinical observation. Thus,
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patients with the same measured FEV1 (expressed as percentage predicted)
may vary greatly in their level of disability; patients may deteriorate clinically,
either acutely (e.g. during infective exacerbations) or chronically, while pre-
serving spirometric FEV1. Moreover, patients may achieve considerable im-
provements in symptoms and exercise endurance as a result of interventions
such as bronchodilators, oxygen therapy or exercise training, with little or no
change in the FEV1 [5–7]. These observations collectively attest to the fact that
disability is multifactorial and often independent of the FEV1. Factors that de-
termine the level of disability (or its change over time) in a given individual in-
clude: the level of expiratory flow limitation, gas exchange abnormalities,
ventilatory demand, extent of thoracic overinflation, extent of mechanical
loading of the inspiratory muscles, degree of ventilatory muscle and peripheral
muscle weakness/deconditioning, and cardiac factors. Moreover, the level of
disability is also profoundly influenced by interactions among multiple physi-
ological, psychological, social, and environmental factors.

Spirometric FEV1 is prone to measurement artifact because a forced ma-
noeuvre, initiated from total lung capacity, introduces gas compression ef-
fects, airway compression effects, and results in an altered pattern of lung
emptying compared with that which occurs during normal tidal breathing
over a range of operating lung volumes. Spirometric FEV1 gives no informa-
tion about the extent of prevailing expiratory flow limitation, the extent of dy-
namic lung hyperinflation (DH) required to maximize expiratory flow rates
and therefore does not provide an assessment of the ‘dynamic’ expiratory
flows available under conditions of increased ventilation such as exercise (Fig.
5.1). All of these factors can vary greatly for a given FEV1 and contribute 
importantly, either singly or in combination, to symptom generation, ventila-
tory limitation and exercise capacity [4].

Despite the multifactorial nature of disability in COPD, it is reasonable to
assume that the degree to which an individual is disabled ultimately reflects 
the extent of ventilatory mechanical abnormalities present. Given the limita-
tions of the FEV1 as a measure of mechanical impairment, additional physio-
logical measurements such as dynamic lung volumes, together with direct
measurements of symptom intensity and exercise impairment, are used 
increasingly to clinically evaluate patients and to determine the success of
therapeutic interventions. A variety of parameters can be employed to com-
prehensively assess impairment, disability and handicap in the symptomatic
COPD patient (Table 5.1).

What causes dyspnoea in COPD?

In a recent American Thoracic Society Consensus Statement [8], dyspnoea
was defined as ‘a term used to characterize a subjective experience of breath-
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ing discomfort that consists of qualitatively distinct sensations that vary in in-
tensity’. Exertional dyspnoea in COPD consists of multiple qualitative dimen-
sions: the majority of patients describe predominant inspiratory difficulty
with only a minority describing significant expiratory difficulty at the peak of
symptom-limited exercise [9]. The perception of inspiratory difficulty further
encompasses an awareness of unsatisfied inspiration (‘can’t get enough air in’,
or ‘my breath does not go in all the way’), which appears to be peculiar to the
diseased state and not encountered in healthy subjects even at the breakpoint
of exhaustive exercise [9]. Dyspnoea in COPD is provoked or aggravated by
activity, so it is only fitting that mechanistic studies on symptom generation are
carried out during exercise. Pathophysiological factors known to contribute
to the quality and intensity of exertional dyspnoea and to exercise limitation in
COPD include:
1 Intrinsic mechanical loading (elastic and resistive) of the inspiratory 
muscles.
2 Increased mechanical (volume) restriction during exercise.
3 Functional inspiratory muscle weakness.
4 Excessive ventilation.
5 Gas exchange abnormalities.
6 Dynamic airway compression in expiration.
7 Cardiovascular factors.
8 Any combination of the above [10].
These factors are highly interdependent and their relative contribution to dys-
pnoea intensity may vary considerably among different COPD patients. In
general, as the disease advances, more of these factors become instrumental in
dyspnoea causation [10].

Table 5.1 Evaluation of the symptomatic COPD patient.

• Symptoms (BDI, MRC)
• Body mass index (BMI)
• Spirometry Impairment
• Hyperinflation (IC, FRC)
• DLCO and CT scan
• Exercise performance: Disability

Peak VO2
Ventilatory reserve
Gas exchange

• Peripheral muscle strength
• Health status Handicap
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Mechanical abnormalities in COPD—the importance of 
dynamic hyperinflation

The hallmark of COPD is expiratory flow limitation which results from a
combination of reduced lung recoil and airway tethering, as well as intrinsic
airway narrowing [11]. However, while the most obvious mechanical defect is
obstructive, in expiration, the most important mechanical consequence is a
‘restrictive’ ventilatory deficit in inspiration due to the effects of dynamic lung
hyperinflation (DH) (Figs 5.1 and 5.2). One of the earliest descriptions of DH
was provided by William Stokes, an Irish physician, in his treatise, Diseases of
the Lung and Windpipe, published in 1837 [12]. Stokes recounted the follow-
ing lucid clinical observations of a patient with emphysema: ‘I shall describe a
sign which promises to be of the greatest importance in diagnosis. By making
the patient perform a number of forced inspirations rapidly, the repetition of
the inspiratory efforts caused such an accumulation of air in the diseased por-
tion of the lung as ultimately to nearly prevent its further expansion. The 
results of this experiment are readily explained by referring to the difficulty in
expiration which occurs in this disease’ [12].

DH occurs in flow-limited patients when ventilation increases, either vol-
untarily or reflexly (as for example during exercise) in response to increased
levels of arterial carbon dioxide (Fig. 5.2). Thus, at higher levels of ventilation,
tidal lung emptying becomes incomplete and lung volume fails to decline to its
equilibrium point (i.e. functional residual capacity), causing dynamic end-
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Fig. 5.2 Changes in operational lung volumes over ventilation during exercise (a) in health 
and (b) in COPD. Note, compared with normal, there is increased resting and dynamic
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expiratory lung volume (EELVdyn) to progressively increase as a result of air
trapping (Fig. 5.2) [11,13–15]. The extent of DH during exercise depends on:
1 The extent of expiratory flow limitation
2 The level of baseline lung hyperinflation
3 Ventilatory demand, and
4 The breathing pattern at any given ventilation. 
The level and pattern of DH during exercise in COPD is highly variable: in a
recent study, the average increase in EELVdyn during exercise in 105 patients
with COPD was 0.37±0.39L or 14±15% of predicted [15].

Although DH serves to optimize tidal expiratory flow rates, it adversely af-
fects dynamic ventilatory mechanics in three major ways: (i) it causes patients
to breathe at a high lung volume where further volume expansion during ex-
ercise is seriously restricted (Fig. 5.2); (ii) it burdens inspiratory muscles with
additional elastic loading; and (iii) it causes functional inspiratory muscle
weakness. Theoretically, DH would also be expected to impair cardiovascular
function during exercise but this question remains to be studied.

The inability to expand VT during exercise results in greater reliance on 
increasing breathing frequency to increase ventilation, but this tachypnoea 
results in further DH in a vicious cycle [11,15]. Tachypnoea also contributes
to the reduced dynamic lung compliance which is known to have an exagger-
ated frequency dependence in COPD [11]. Because of DH, VT encroaches
more and more on the upper alinear extreme of the respiratory system’s (com-
bined lung and chest wall) pressure–volume relationship, where there is in-
creased elastic loading of inspiratory muscles already overburdened with the
work of overcoming increased airways resistance in COPD (Fig. 5.3) [11]. By
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contrast, VT remains within the linear portion of the pressure–volume (P–V)
relationship in health, even at much higher levels of exercise (Fig. 5.3). Inspi-
ratory threshold loading is another more recently recognized consequence of
DH. In flow-limited patients with positive intrathoracic pressures at the end of
expiration (the autoPEEP phenomenon) [11], the inspiratory muscles must
first overcome the combined inward recoil of the lung and chest wall at end-
expiration, before inspiratory flow is initiated (Fig. 5.4). This threshold load
occurs throughout inspiration and the pressure required to overcome it can be
substantial, particularly if DH is severe during higher levels of ventilation [9].
Lastly, DH alters the length–tension relationships of the inspiratory muscles,
particularly the diaphragm (which becomes flattened), and compromises their
ability to generate pressure (Fig. 5.4) [11]. Attendant tachypnoea during exer-
cise, with increased velocity of inspiratory muscle shortening, results in fur-
ther functional muscle weakness [11]. Moreover, DH may alter the pattern of
ventilatory muscle recruitment to a more inefficient pattern with negative 
implications for muscle energetics and performance.

Due to the increased loading and functional inspiratory muscle weakness
occasioned by DH, tidal inspiratory pressures represent a much higher fraction
of their maximal force generating capacity than in health at similar work rates
and ventilation (Fig. 5.5) [9]. Since, in exercising COPD patients, the ability to
breathe enough air in is progressively curtailed despite mustering near maxi-
mal inspiratory efforts, the ratio of effort (tidal esophageal pressure swings 
relative to maximum) to tidal volume (VT) is significantly higher than in health
(Fig. 5.5) [9]. This may have important implications for respiratory sensation.
It is reasonable to assume that some of the distinctive qualitative dimensions of
dyspnoea in COPD, such as unsatisfied inspiration, may have their physiologi-
cal basis in the marked disparity between inspiratory effort, which approaches
the maximum, and the mechanical response of the system, which is greatly im-
paired because of breathing at high lung volumes and increased inspiratory air-
ways resistance. The intensity of dyspnoea during exercise has been shown to
correlate strongly with the extent of dynamic lung hyperinflation and with the

Inspiratory
threshold
load

Decreased
muscle
strength

(a) (b)

Fig. 5.4 Illustration of the rib cage and diaphragm in
(a) health and (b) COPD. In COPD the diaphragm is
shortened and functionally weakened because of
hyperinflation and the combined recoil of the lung
and chest wall at end-expiration is inwardly rather
outwardly directed as in normals, creating an
inspiratory threshold load (see text for details).
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Fig. 5.5 Plots of (a) operational lung volumes, (b) inspiratory effort (esophageal pressure
relative to maximal Pes/PImax) and the (c) ratio of effort to tidal volume (Pes/VT), and (d) Borg
dyspnoea ratings, all expressed as a function of increasing ventilation during exercise.
Compared with normals, in COPD inspiratory effort is greatly increased despite a reduced tidal
volume response and this likely contributes to increased exertional dyspnoea. (Adapted from
[9]).
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increased ratio of inspiratory effort to thoracic displacement; the latter ulti-
mately reflects severe neuromechanical uncoupling of the respiratory pump
(Fig. 5.6) [6,9,14]. Further indirect evidence of the importance of DH in dysp-
noea causation comes from a number of recent studies which have shown that
dyspnoea can effectively be ameliorated by interventions that reduce opera-
tional lung volumes, either pharmacologically [5–7] or surgically [16,17]. We
can conclude therefore, that measurements of resting and dynamic lung vol-
umes in COPD may be more relevant to functional disability than traditional
spirometric expiratory measurements. Further studies are required to deter-
mine if lung volume (or capacity) estimations such as inspiratory capacity
(which reflects EELVdyn), slow or timed vital capacity (which reflects residual
volume), or direct plethysmographic measurements of thoracic gas volume,
correlate better with disability in COPD than expiratory flow measurements
per se, and whether such measurements are more sensitive when assessing 
responses to combination bronchodilator therapy.

Dyspnoea and excessive ventilation in COPD

The level of disability can be greatly influenced by the interaction of dynamic
mechanics and ventilatory drive. An excessive ventilatory response, regardless
of its cause (i.e. exercise, anxiety, infective exacerbations, acute metabolic al-
terations) will amplify the mechanical derangements outlined above. In other
words, DH is increased at high ventilation levels and causes earlier limiting
ventilatory constraints of flow and volume generation. Thus, for a given level
of expiratory flow limitation, the extent of DH and its negative mechanical
and sensory consequences will vary with ventilatory demand. Factors 
contributing to excessive ventilation in COPD during exercise include: high
physiological deadspace, early lactate acidosis, hypoxemia, high O2 cost of
breathing, low arterial carbon dioxide (CO2) set points, and other non-
metabolic sources of ventilatory stimulation (i.e. anxiety, hyperventilation)
[18–21]. Several studies have shown that dyspnoea during exercise in COPD

r = 0.86
p < 0.001

r = 0.69
p < 0.001

r = 0.78
p < 0.01

Pes/VT
(%PImax/%VC)

EELVdyn
(%predicted)

Dyspnoea
(Borg)

Fig. 5.6 Statistical correlations between Borg ratings
of inspiratory difficulty, end-expiratory lung volume
(reduced dynamic inspiratory capacity), and the ratio
of inspiratory effort to tidal volume standardized for
vital capacity (Pes/PImax:VT/% VC) at a standardized
level of exercise in COPD patients [9].
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correlated strongly with the change in ventilation expressed in absolute terms
or as a fraction of the estimated maximal breathing capacity [14,22,23]. Stud-
ies have shown that for a given FEV1, COPD patients with low diffusion 
capacity for carbon monoxide and with higher ventilatory demands during
exercise (as a result of higher physiological deadspace) experience greater
acute and chronic activity-related dyspnoea than those with normal ven-
tilatory responses to exercise [15,22]. Indirect evidence of the importance of
excessive ventilation in contributing to exertional dyspnoea and exercise 
limitation in COPD comes from a number of studies which have shown 
that exercise training, oxygen therapy and opiate medication relieve dyspnoea
and improve exercise performance, in part, by reducing submaximal ventila-
tion levels [24–27]. It has become clear that even modest reductions in 
ventilation (i.e. 3–6L/min) can provide important symptomatic alleviation 
in severely mechanically compromised patients [24–27].

Does arterial oxygen desaturation cause dyspnoea in COPD?

In some patients, arterial hypoxemia during rest or exercise may contribute to
dyspnoea through ventilatory stimulation secondary to an altered metabolic
load (i.e. excessive acidosis during exercise secondary to reduced O2 delivery
or utilization), or directly via altered peripheral chemoreceptor activation, in-
dependent of the level of ventilation [25,26,28]. While large controlled studies
have provided convincing evidence of the beneficial effects of continuous 
oxygen therapy on survival in severely hypoxemic patients with COPD, the 
effects of such therapy on chronic symptoms and disability is unknown. 
Case-controlled studies during exercise have shown that symptomatic 
responses to supplemental oxygen are entirely unpredictable in an individual
patient with COPD, regardless of the level of baseline or exertional 
arterial oxygen desaturation [25,26,28]. Patients who do not improve their
dyspnoea or exercise endurance during added oxygen (compared with 
placebo) likely have other predominant sources of symptom generation 
such as mechanical abnormalities. It must be remembered that hypoxia, in-
creased ventilatory stimulation and dynamic lung hyperinflation are inextri-
cably linked such that supplemental oxygen, by depressing ventilation, will
reduce air trapping for a given level of expiratory flow limitation and 
improve symptoms and activity levels in those patients who respond (Fig. 5.7)
[26]. Since responses to ambulatory oxygen therapy are unpredictable 
in COPD, a single blind, constant-load exercise study with measurements 
of symptoms and exercise endurance time is required to identify responders
[26]. Even COPD patients, who are normoxic at rest and exercise, have 
been shown to benefit in a dose–response manner from incremental sup-
plemental oxygen during exercise: Somfrey et al. [29] have shown progressive
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reduction in lung hyperinflation and increase in inspiratory reserve volumes
during exercise, with a plateau effect at a fractional oxygen concentration 
of 0.5.

It is well established that patients with chronic hypoxemia can develop
secondary pulmonary hypertension, which may be further aggravated acutely
during activity. Such patients often experience severe activity-induced dysp-
noea. In these patients, the relative contribution to dyspnoea generation of
cardiovascular factors (i.e. activation of pulmonary and right sided cardiac re-
ceptors), mechanical factors and excessive ventilation has never been deter-
mined with precision. It is possible that direct afferent inputs from the right
heart and vasculature may directly give rise to unpleasant respiratory sensa-
tions, but this remains speculative [30].

Dyspnoea and psychological factors

Patients with COPD are known to have a higher incidence of anxiety-
depressive states than a healthy population, and these psychological factors
undoubtedly contribute to perceptions of respiratory distress and general dis-
ability [31]. Anxiety may of itself, induce dyspnoea in mechanically compro-
mised patients: for example, the accompanying tachypnoea may worsen lung
hyperinflation. Alternatively, anxiety may represent the affective response to
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Fig. 5.7 Comparison of maximal and tidal resting and exercise flow-volume loops at a
standardized exercise level in a patient with COPD during exercise receiving either room air (a)
or supplemental oxygen (b). Added oxygen resulted in reduced ventilation (by 5L/min) with
consequent reductions in dynamic hyperinflation and reduced exertional dyspnoea (Borg scale).
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unpleasant respiratory sensations. There is anecdotal evidence that in some
patients with COPD, treatment of morbid anxiety by psychological coun-
selling and sedative medication can reduce dyspnoea and improve activity 
levels but, in general, responses to these interventions in the published litera-
ture are highly variable.

The importance of psychological factors in contributing to disability is
borne out by the favourable responses achieved following supervised exercise
training in such patients [24]. Many of the benefits of pulmonary rehabilita-
tion programs are attributable to the patient’s overcoming their anxiety or fear
of breathlessness during activity.

Do exercise tests add anything to the assessment of disability?

Resting physiological measurements are poorly predictive of maximal exer-
cise capacity (i.e. peak symptom-limited oxygen consumption) or exercise en-
durance in individual patients with COPD; therefore, direct assessment of
exercise performance is required to assess functional disability. Exercise tests
vary considerably in their level of sophistication. The simple observation of
the patient as he/she walks along the corridor, or climbs a flight of stairs, 
provides useful qualitative information. Supervised timed walking distances,
such as the 12-minute walk distance or the more convenient 6-minute walk
distance (6MWD) tests have been used extensively as a measure of functional
disability [32]. Concurrent measurements of dyspnoea intensity using 
validated scales enhance the value of this test.

Although the 6MWD is a useful clinical indicator of functional disability,
and correlates with both quality of life and mortality, it has limitations. Such
tests are highly motivationally dependent. It is impossible to control the pace
of walking or power output during the test and this becomes important, par-
ticularly when comparisons of two tests are being made in the same individual
over time. Because of a definite learning effect, it is recommended that two ‘fa-
miliarization’ tests be conducted and that the third test should be accepted as
the baseline test [33]. If tests are to be compared over time, great care must be
taken by the supervisor to standardize the instruction and encouragement of
the patient [33]. These recommendations collectively increase the complexity
of testing. In addition, access to adequate facilities to conduct the test (i.e. long
unimpeded corridors) is also a definite practical consideration. Concomitant
measurement of dyspnoea (using validated scales [34,35]) and arterial oxygen
saturation enhance the value of the test. The inability to carry out pertinent
physiological measurements during the 6MWD test is a potential disadvan-
tage. Because of these limitations, modifications in timed walking distance
tests have been made. For example, 6-minute testing using a treadmill, where
the power output can be controlled and where physiological measurements
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can be more easily undertaken, may have advantages over the traditional hall-
way testing [36].

The shuttle test

The incremental shuttle test is designed to overcome some of the limitations of
the 6MW test, and there is evidence of its reliability and responsiveness, at
least to exercise training [36]. With this test the pace, or work rate, is progres-
sively increased using an auditory cue, which allows observation of the patient
over a range of activity levels. The patient walks fixed distances of 10m be-
tween two cones [37,38]. The time available to complete each 10-metre dis-
tance is progressively decreased and the distance walked when the patient
stops becomes the outcome measure of interest. The test is terminated when 
patients develop intolerable symptoms and heart rate reaches 85% of maxi-
mum. The endurance shuttle test at a fixed fraction of the pre-established 
peak power output during the incremental shuttle test is likely to be more 
responsive than the incremental test in evaluating the effects of therapeutic 
interventions, such as ambulatory O2 [38–40]. However, its sensitivity in the
evaluation of bronchodilator efficacy remains unknown. There is anecdotal
evidence that, in patients with severe functional disability, the 6MWD is more
sensitive in assessing bronchodilator efficacy. However, for less disabled pa-
tients, the shuttle test may prove superior.

Cardiopulmonary exercise testing

Increasingly, disability and dyspnoea assessment is conducted in the setting of
formal exercise testing in the laboratory (Fig. 5.8). This more rigorous, inte-
grative approach to the measurement of the physiological and perceptual 
responses to exercise has several advantages:
1 It provides an accurate assessment of the patient’s exercise capacity;
2 It measures the perceptual responses to a quantifiable dyspneogenic 
stimulus (i.e. O2 consumption (VO2), ventilation, power output); 
3 It provides insights into pathophysiological mechanisms of dyspnoea in 
a given patient (e.g. excessive ventilation, dynamic hyperinflation, arterial
oxygen desaturation); 
4 It can identify other coexisting conditions that contribute to dyspnoea 
and exercise limitation (i.e. cardiac disorders, intermittent claudication, 
musculoskeletal problems); and
5 Standardized comparisons of perceptual responses to measurable dysp-
noea-provoking stimuli allow an accurate assessment of symptom responses
to therapeutic interventions [41].

There is currently no consensus about which exercise testing protocol
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should preferentially be used for disability assessment. Both incremental and
constant load endurance testing, using cycle ergometry or treadmill, are used
extensively and these different approaches have the potential to produce dif-
ferent, but complimentary, clinical information. Estimations of symptom-
limited, maximal oxygen consumption (VO2max) during incremental cycle ex-
ercise testing is frequently used in the assessment of disability in patients with
occupational lung diseases, but is used less extensively in COPD, where en-
durance tests may be preferable. Knowledge of the VO2max and of the MET
equivalents (metabolic rates based on multiples of the resting VO2) of various
activities of daily living permit a crude estimation of the patient’s functional
capacity. Precise stratification of the VO2max vis-à-vis overall functional dis-
ability in individual patients with COPD is not available. However, generally
speaking, a VO2max of <15mL/kg/min in a patient with COPD represents 
severe functional disability. Standard cardiopulmonary exercise testing 
measures the following physiological responses: metabolic load (VO2, VCO2),
ventilation, breathing pattern, arterial oxygen saturation, heart rate, oxygen
pulse, and blood pressure. More recently, other ventilatory parameters rele-
vant to dyspnoea assessment, such as the exercise tidal flow-volume loop
analysis relative to the maximal resting loop, are being used (Fig. 5.7) [41].
This approach allows a more comprehensive evaluation of the ventilatory
constraints that apply in a given individual compared with traditional esti-
mates of ventilatory limitation such as the ventilatory index (i.e. estimated
maximal ventilatory capacity minus peak ventilation). Repeated inspiratory
capacity measurements during exercise allow an indirect assessment of the ex-
tent of dynamic hyperinflation which, as already mentioned, contributes im-
portantly to both symptoms and exercise intolerance (Figs 5.6 and 5.8) [7,41].

Dyspnoea is measured during exercise using the Borg or visual analogue
scales. Both scaling methods have been shown to be reliable (reproducible)
and responsive (ability to detect change) in patient populations with COPD
[34,35]. Constant load cycle ergometry at 50–80% of the patient’s predeter-
mined maximal work rate has been shown to have excellent reproducibility
and to be responsive to interventions such as bronchodilators, oxygen thera-
py, opiates, and exercise training [7]. For the clinical assessment of bron-
chodilator efficacy, comparisons of the dyspnoea (Borg) scale—time slopes at
a standardized constant load (e.g. 75% peak VO2) has been shown to be 
highly responsive, and concomitant quantitative flow-volume loop analysis al-
lows additional insights into the mechanisms of functional improvement [7].

Does CT assessment of the extent of emphysema 
predict disability?

High resolution computed tomography (HRCT) has made it possible to quan-
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tify, with considerable precision, the extent and pattern of emphysematous de-
struction of the lung in vivo [42,43]. Emphysema scores, based on the magni-
tude and distribution of low attenuation areas on HRCT, correlate well with
morphometric measurements of microscopic emphysema in subsequently re-
sected lungs. Several studies have shown reasonable correlations between
HRCT derived emphysema scores and physiological indices such as the diffu-
sion capacity for carbon monoxide (DLCO), lung volumes, and spirometric
expiratory flow rates [42,43]. HRCT performed at end-inspiration correlates
most closely with the extent of emphysema on pathological examination,
whereas HRCT performed at end-expiration correlates best with measure-
ments of airflow obstruction [44]. Intensive research is currently underway on
the potential role of HRCT in differentiating the various pathological compo-
nents of COPD (i.e. emphysema, chronic bronchitis and asthma). However,
the classical findings in chronic bronchitis of bronchial wall thickening and
gas trapping at low lung volumes are unreliable and often absent. Given the
heterogeneity of pathological abnormality in COPD, it is unlikely that refine-
ments in HRCT quantification and differentiation will enhance our ability to
predict disability in a given patient. However, preliminary studies suggest that
HRCT assessments, in combination with detailed physiological measure-
ments, have the potential to elucidate mechanisms of disability in individual
COPD patients [43]. For example, it has been shown that symptomatic pa-
tients with a history of cigarette smoking, who have only minor spirometric
abnormalities, but with disproportionately reduced DLCO, may have a local-
ized upper zone centrilobular emphysema on HRCT [43]. Such patients may
have significant ventilation/perfusion inhomogeneity and extensive small-
airways dysfunction, not reflected by the FEV1. In these patients, the combina-
tion of excessive ventilatory stimulation (due to high physiological deadspace)
can aggravate expiratory flow limitation and DH, with consequent premature
ventilatory limitation, heightened dyspnoea and exercise intolerance [15].

Patients with both interstitial lung disease and emphysema may have nor-
mal expiratory flow rates and lung volumes. HRCT is useful in such patients
to determine the relative extent of each disease and the likely contribution of
each condition to the clinical and functional abnormality [45].

Advances in nuclear medicine and magnetic resonance imaging in COPD
hold promise for the future. Single photon emission computed tomography
(SPECT) ventilation images can be used to provide quantitative volumetric
mapping of regional gas trapping [46]. In this technique, equilibrium phase
images with xenon-133 are used to generate 3D views of the total lung vol-
ume, while washout images provide 3 dimensional views of regional gas trap-
ping. Static magnetic resonance imaging (MRI) allows three dimensional
reconstructions of the chest wall and diaphragm, which may improve evalua-
tion of structure-function relationships in COPD, and also provide reliable
measurements of lung volumes in these patients (for example, pre and post
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surgical intervention) [47]. Dynamic MRI during the breathing cycle has been
used to depict asynchronous movement of the chest wall and diaphragm in 
severe emphysema, and improvement in respiratory mechanics with surgical
intervention (lung volume reduction surgery) [47]. Magnetic resonance venti-
lation imaging with hyperpolarized He-3 gas has shown potential to allow
volumetric mapping of enlarged airspaces in COPD that are below the resolu-
tion capability of HRCT [48]. High resolution volumetric MR imaging of re-
gional pulmonary perfusion has also become possible.

Hence, there is reason for considerable optimism that highly accurate
quantitative imaging of both structural and functional abnormalities in pa-
tients with COPD will be available in the future. How much this imaging will
add to the clinical and functional assessment of disability in the patient with
COPD remains to be seen.

Will it be possible to measure small-airway function in future?

It has long been recognized that small-airways disease may precede the overt
clinical manifestations of chronic bronchitis and emphysema in smokers.
Chronic bronchiolitis of small airways is an integral component of established
COPD. There is little doubt that small-airways disease contributes impor-
tantly to both impairment and disability in COPD. However, the small air-
ways have been termed the ‘silent zone’ because extensive narrowing of these
peripheral airways contributes little change to measurements of overall air-
ways resistance. A reliable test of small-airways dysfunction is therefore desir-
able. Moreover, given our increased understanding of the nature of the
inflammatory process in small airways in COPD, and the development of new,
non-steroidal anti-inflammatory (mediator antagonists) and bronchodilator
therapies (tiotropium and long-acting beta agonists), the assessment of small-
airway function is of obvious importance in ascertaining the eventual clinical
utility of these agents.

The development of a simple reproducible test of small-airway function
has remained an elusive goal, as witnessed by the plethora of physiological
tests that are currently available in clinical practice or in the research setting
[49]. Examples include: 
1 Expiratory flow-volume loops derived by variable-volume 
plethysmography;
2 Partial and maximal flow–volume loop isovolume comparisons;
3 Flow volume loops during helium breathing; 
4 Tests of expiratory flow limitation such as negative expiratory pressure
(NEP) application; 
5 Tests of ventilation distribution (i.e. frequency dependence of compliance
and closing volume); 
6 Measurement of thoracic gas volumes (i.e. residual volume); and
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7 Measurements of dynamic hyperinflation and dynamic elastance during
exercise [7,41].

All of the above listed tests have limitations; many are technically demand-
ing or are unavailable and, in particular, the responsiveness of these tests to
various therapeutic interventions has not been established. To the extent that
air trapping and lung hyperinflation fundamentally reflect small-airway dys-
function in COPD, then bronchodilator induced reduction in lung hyperinfla-
tion serves as an indirect measure of improved dynamic small-airway function
[41]. Recent innovations in HRCT permit precise morphometric assessments
of higher generations of peripheral small airways than were, hitherto, possible
[36,37]. Classical HRCT imaging features of smoking-related bronchiolitis—
areas of ground glass opacity, centrilobular nodules and bronchial wall 
thickening—have been described. Unfortunately, however, HRCT is usually
normal in this early stage of disease. It is conceivable that in the future, com-
bined structural and functional assessments of small-airway disease, such as
those alluded to above will increase our understanding of the mechanisms of
disability in COPD.

Summary

Disability in COPD is complex and multifactorial, and this makes clinical
evaluation a challenging task. However, recent advances in our under-
standing of the interface between pathophysiological impairment and 
functional disability in COPD has set the stage for the development of 
better evaluative methods. More research and dialogue is required to devise 
an acceptable staging system for disability in COPD, akin to that which is 
already available for other chronic diseases such as congestive heart 
failure. The comprehensive assessment of disability might incorporate the 
following elements:
1 Measurement of impairment: FEV1, inspiratory capacity, and DLCO, each
expressed as percentage predicted;
2 Measurement of body mass index;
3 Measurement of exercise performance, together with exertional symp-
toms and ventilatory reserves;
4 Assessment of chronic activity-related dyspnoea using validated self-rated
scales or multidimensional instruments; and
5 Measurement of disease-specific quality of life using validated 
questionnaires.
A composite score derived from the above listed components would permit
stratification of patients with respect to disability level, and could also be used
to facilitate the evaluation of the overall clinical impact of therapeutic inter-
ventions in patients with symptomatic COPD.
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6: Do older patients with COPD need a
different approach?

Martin Connolly

Introduction

Respiratory disease is the second commonest cause of disability in old age [1],
and chronic obstructive pulmonary disease (COPD) in turn is the commonest
disabling respiratory condition in this age group. Estimates of the overall
prevalence of COPD in the elderly population vary widely, from around 16%
to nearly 30% [2–6]. These differences are likely to be largely dependent 
on differences in smoking prevalence, pollution levels, and poverty levels 
between subpopulations examined. Most epidemiological surveys, however,
agree on the point that a large proportion of chronic obstructive pulmonary
disease in old age remains undetected and untreated. A further complicating
factor in epidemiological assessment is the accuracy of diagnostic labelling.
Many elderly patients with chronic asthma and limited treatment respon-
siveness could equally well be (and often interchangeably are) labelled 
as either asthmatics or COPD sufferers. For the purpose of this chapter, 
chronic poorly responsive asthma in old age will be included under the COPD
umbrella [7]. However, the historical lack of agreement in terminology has
meant that medical practitioners often vary in diagnostic labelling, with a 
tendency to overdiagnose COPD in elderly men and overdiagnose asthma in
young women [8].

There are several potent questions that should challenge physicians 
dealing with elderly COPD patients. This chapter does not claim to answer
these questions comprehensively, merely to pose them and attempt an 
analysis.

Is COPD a different condition in old age?

This question has perhaps two main aspects: (i) is the disease aetiologically 
different?; and (ii) is the disease clinically different?

The answer to the first question must be in the widest sense a resounding
‘no’. There is no evidence to suggest that cigarette smoking is not the major
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cause of COPD in the elderly. Indeed, smoking uptake reached its maximum in
Britain in men born within 10years of the turn of the 20th century and in
women born 20years later [9]. It is these populations that have COPD and will
continue for 20years or more to supply physicians with the majority of their
(elderly) COPD patients. Whether the ‘Dutch hypothesis’ that an interaction
between smoking and atopy may have a differential effect with ageing is an in-
teresting question. Many studies have shown associations between lung func-
tion and measures of atopy in smokers and non-smokers [10–17], and have
also shown that smokers have elevated atopic markers, particularly IgE levels
[10–17]. Renwick and Connolly [18] have tentatively suggested that measures
of atopy may be more strongly associated with both airways obstruction and
bronchial hyperresponsiveness in older rather than younger adults. This is a
surprising finding and contradictory to accepted wisdom concerning the de-
cline of the atopic tendency with ageing.

More conventionally, however (as discussed above), the overlap between
asthma and COPD is wider in the elderly than in the young, in large part be-
cause of the reduced treatment response [19] particularly to bronchodilators
seen in elderly asthmatics, whether due to long duration of disease or even
short duration of disease in more elderly individuals [8]. Whilst this may have
limited practical import at present, with the clinical management of elderly
subjects with stable ‘COPD-like chronic asthma’, these patients (and perhaps
all elderly COPD patients, in view of the atopy–smoking interaction) should
not be ignored as potential beneficiaries of new anti-asthma developments,
such as leukotriene antagonists. This area, however, has no evidence base and
needs research endeavour.

In terms of the clinical presentation of the condition, there is very good rea-
son to argue that COPD may, for many elderly subjects at least, be a different
condition to that seen in young sufferers. Whilst the insidious onset of the dis-
ease is well-recognized in all age groups, this is particularly so in old age. Pre-
dictive factors for various obstructive symptoms of cough, wheeze, sputum
production and breathlessness are particularly low in old age [20]. Whether
this reflects merely reduced expectation and activity level in the elderly, com-
pounded by a reduced index of suspicion among carers and physicians, is 
unclear. There is evidence to suggest that the subjective perception of bron-
choconstriction is impaired with increasing age [21,22]. The association of
COPD with other disabling conditions (see below) is in many elderly patients
a further confounding factor. Whatever the reasons, COPD is often not clini-
cally detected at all in the elderly [6,23] or may be detected late, resulting in
more likely progression to end-stage disease, with less opportunity for life-
prolonging intervention. There is no justification in this regard for any thera-
peutic nihilism in terms of, for example, smoking cessation in old age —the
motivated elderly smoker being just as likely to quit as a motivated young
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smoker [24,25], and with no age-related decline in the beneficial effects of
nicotine replacement therapy [25,26].

The elderly patient with moderate or severe COPD will often present with
a kaleidoscope of symptomatic, diagnostic and therapeutic characteristics,
with impairments and disabilities influenced by a wide variety of factors both
directly related and unrelated to COPD. In particular, the high incidence of de-
pressive symptoms in COPD patients, including the elderly [27,28], and its ef-
fect on performance is a matter of great concern, particularly as depression is
usually under-recognized in the elderly patient group [28]. The above argues
for a specialist multidisciplinary team approach to the assessment of such 
patients, as it is only by use of the skills and facilities available to such a team
that a full diagnostic and therapeutic package can be assembled.

How can perceived disabilities due to COPD be distinguished
from those due to other age-related conditions?

The large number of septuagenarians and octogenarians completing
marathon events across the world each year is striking evidence that ageing it-
self is not a cause of disability. Despite age-related reductions in performance
of the cardiorespiratory and musculoskeletal system, the reserve of the human
body is such that the mere addition of years in the span given to humans is not
a major concern in terms of performance of normal activities of daily living.
Impairment and disability at all ages has a clinical and pathological cause. As
mentioned above, however, many elderly people may be affected by more than
one age-associated condition. This is particularly true when there is a major
aetiological factor (cigarette smoking) at play, often resulting in multiple-
system disorder.

Clinicians and researchers attempt to quantify disability using scales 
that measure activities of daily living (ADL). In the context of COPD, some
hospital-based ADL scales, particularly the Barthel Index [29], have ceiling ef-
fects that make them of little value [30]. ADL scales that measure more ‘ex-
tended’ community-based activity, such as the Nottingham Extended ADL
Scale [31], are of more use. However, most ADL scales currently in use in geri-
atrics practice do not attempt to distinguish between respiratory-related dis-
ability and disability due to other conditions, and indeed most were designed
to measure stroke-related disability. The Nottingham Extended ADL Scale,
for example, though distinguishing well between elderly COPD sufferers and
normals, is not responsive to COPD interventions [32]. Our own group has
modified the Nottingham Extended ADL Scale to produce the Manchester
Respiratory ADL Scale, which in addition to distinguishing elderly COPD
subjects from normals is responsive to intervention by respiratory rehabilita-
tion [32]. In clinical practice, however, the physician faced with a patient 
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with multiple-system problems rarely has the luxury of treating each one in
temporal isolation, and it may thus be individually difficult to estimate which
element of any alleviation of disability is explained by treatments for separate
conditions. There is some evidence to support the routine use of ADL scales in
elderly COPD outpatients (see below). Furthermore, in the context of rehabil-
itation following acute admission for exacerbation of COPD, extrapolation
of data on other conditions (particularly stroke) suggests that they have an im-
portant place. More research is needed in this general area.

What is the value of FEV1 in the elderly?

There are three separate questions here:
• Is forced expiratory volume in 1s (FEV1) in itself ‘accurate’ in old age?
• Is FEV1 useful for diagnosis?
• Is FEV1 useful for staging of disease?
In terms of the first question, it is clear that both FEV1 and FEV1/forced vital
capacity (FVC) ratio are strongly related to gender and to age. Use of FEV1 ex-
pressed as percentage of predicted values does not remove the age bias com-
pletely because, as there is a positive relationship between FEV1 and height
and a negative relationship between FEV1 and age, the use of predictive FEV1

increases the number of short and elderly individuals appearing to have 
abnormal results [33]. The use of FEV1 expressed as standardized residual
(SR) has been advocated to remove such bias [33]. SRs should probably be 
employed in all research studies (particularly epidemiological studies) 
involving lung function measurements in old age, particularly when compar-
ing elderly subjects to younger subjects.

However, this is almost certainly impractical in the clinical setting. Unfor-
tunately, even after accepting the above, age-adjusted percentage predicted
levels may be unreliable, as many of the normal populations employed to 
ascertain these values have not included elderly subjects and have mistakenly
extrapolated above the age of 65, usually overestimating age-related decline in
lung function. True age-related data up to the age of 85 have been supplied 
by the studies by Enright et al. [34], and these are probably the most suitable
for clinical studies, at least in elderly Caucasian patients. In practice, many 
elderly patients with COPD find it difficult to complete an FVC manoeuvre,
and thus although the FEV1/FVC ratio is in theory less affected by normal 
ageing, it is probably of less clinical value. In contrast to popular opinion,
most elderly subjects are able to perform FEV1 manoeuvres satisfactorily.

In terms of diagnosis, formal lung function tests are if anything even more
valuable in old age than in the relatively young. The multiplicity of system 
disorder and subsequent disability, together with the impaired perception of
bronchoconstriction in old age [21,22], argues strongly for the use of objective
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lung function measures. Although peak flow may seem easier for many 
elderly patients to perform, its limited value in COPD is well recognized, and
this is no less true in old age. There is increasing recognition that the use of
FEV1 in epidemiological surveys both in the community and in hospital sub-
populations detects previously undiscovered cases of COPD [6,35,36]. How-
ever, there is as yet no evidence to advocate the widespread use of lung function
screening in populations or subpopulations of the elderly.

In terms of staging of disease in old age, the value of FEV1 is less clear. The
British Thoracic Society Guidelines employ FEV1 in large part because of its
prediction of mortality and its ability to at least roughly correlate with level of
symptoms and intervention needed. It is however, well recognized even in
younger subjects that the relationship between FEV1 and disability is poor,
and this is if anything even more so in old age. Our own studies [30,37,38]
have shown that FEV1 is not an independent predictor of quality of life in
COPD, does not predict exercise capacity and predicts only 3% of the vari-
ance in disability as measured by an extended ADL scale.

Given that simple lung function tests are a poor measure of treatment 
response, how then is the latter to be assessed? Interest in recent years has 
focused on the use of quality of life (QoL) scales, both in terms of giving a ho-
listic, patient-centred approach to treatment response and also (recognized
more recently) a potentially more sensitive index of response. Any QoL scales
contain a very large element of disability assessment, and thus in addition it
would seem sensible and logical to have valid and responsive disability scales
(ADL measures). This area has been discussed above; ADL scales, which have
been widespread in geriatrics practice generally for many years, should 
perhaps be extended to COPD assessment, at least for elderly patients.

In our own studies [37], we have found the Breathing Problems Question-
naire [39] to be a particularly valid quality of life scale in old age and a better
discriminatory tool than the Chronic Respiratory Disease Questionnaire [40].
Our studies were carried out in patients with a mean age of 78years and a
maximum age of 90years. Another QoL scale, The St George’s Respiratory
Questionnaire [41], has been shown to be valid (independent of age) in 
subjects up to the age of 75, and thus for research studies comparing elderly
populations (particularly the young elderly) to younger populations, this is
perhaps the best-validated tool.

In a clinical setting however, perhaps the main factors to consider when
choosing a QoL questionnaire are: how long it takes to complete; what per-
centage of the variance in quality of life score can be explained by variance in
other measurable parameters; and how responsive it is to intervention. In our
hands, in elderly COPD subjects, 70% of the variance in Breathing Problems
Questionnaire scores were explained by other measurable parameters, most
importantly disability measure and a depression screening tool [30]. It is un-
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clear, however, whether in a purely clinical setting both a disability measure
(ADL scale) and a QoL tool need to be assessed. Disability measures have a
greater track record in elderly patients generally, and this author would there-
fore advocate using ADL scales in clinical practice.

Are the same treatment algorithms applicable to the elderly?

The British Thoracic Society guidelines on the management of COPD [7] are a
valuable tool, not least because they specifically addressed many of the prob-
lems that elderly patients with COPD face. The cornerstone of COPD man-
agement is smoking cessation, and the fact that the ability (or otherwise) of the
elderly to quit is no less than that of younger smokers has already been ad-
dressed. On the more fundamental issue of whether it is worthwhile for an eld-
erly subject to stop smoking, there are fewer data, but the benefits of quitting
on the rate of decline in lung function, though lower in the elderly, are proba-
bly worthwhile up until about 80years, especially in women [42]. Almost all
data (in all age groups) on quit rates have been acquired in smokers motivated
to quit, however. Though anecdotal evidence would suggest that such motiva-
tion falls with increasing age, there is no true evidence base here, and this area
is worthy of study.

The only other currently proven life-prolonging treatment, long-term 
oxygen therapy (LTOT), has not been critically assessed in the very elderly,
and indeed one of the major trials, the MRC LTOT trial, specifically excluded
patients over the age of 70years [43]. However, clinical experience suggests
that the elderly patient with incipient or current cor pulmonale is no less likely
to benefit from LTOT than his or her younger counterpart. Though it is self-
evident that the very elderly patient is unlikely to achieve the absolute prolon-
gation in survival of a younger subject when using LTOT, there is need for
research examining the other potential benefits, particularly the effect of 
adequate oxygenation on cognitive function and mood in old age.

The British Thoracic Society guidelines [7] specifically acknowledge that
elderly patients may prefer to take inhaled b-adrenergic agonists on a regular
basis rather than ‘on demand’. This is at least in part in deference to the 
impaired perception of bronchoconstriction in old age [21]. In addition, al-
though the bronchodilator response to both beta-agonists and ipratropium
falls with age, the fall is less for ipratropium, emphasizing the potential added
benefit of the use of muscarinic antagonist inhalers.

There is a wealth of literature on inhaler devices, and it is not with the
scope of this chapter to discuss this topic further. Suffice it to say that there is
good evidence in the elderly for the use of large-volume spacer devices (with-
out the disadvantage seen in younger patients of poor patient acceptability),
the Turbuhaler and the Autohaler.
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Whilst theophyllines (and occasionally oral beta-agonist preparations)
may be particularly useful in cognitively impaired elderly patients who are un-
able to use any form of inhaled bronchodilator, the side effects of theophylline
are often prohibitive in the elderly, particularly as significant therapeutic ben-
efit is only obtained at the upper end of the previously accepted ‘therapeutic
range’ [44]. In practice, however, many elderly patients are taking regular
theophyllines, and it is important to maintain a high index of clinical suspicion
regarding side effects (particularly related to drug interactions) and to moni-
tor serum levels regularly.

The prescription of nebulized bronchodilator therapy to the elderly should
be made in accordance with published guidelines [45]. UK national guidelines
currently caution against the use of high-dose beta-agonists in elderly patients
with ischaemic heart disease and also suggest the use of mouthpieces rather
than face masks in elderly patients with known or suspected glaucoma when
using high doses of anticholinergic drugs. Particular emphasis should also be
placed on whether the elderly patient can technically manage the nebulizer,
and the help of carers may need to be recruited in this regard. The need for ad-
equate follow-up and servicing cannot be overstressed. There may be a lower
threshold for the use of nebulizers in elderly patients unable to manage stan-
dard inhalers. The use of oral corticosteroids should once again adhere to 
the British Thoracic Society guidelines on COPD management [7]. There is a
particular concern about steroid-induced osteoporosis (or perhaps more 
accurately, steroid-exacerbated osteoporosis) in elderly patients, especially
women. There is no indication for bone densitometry assessment prior to the
use of oral corticosteroids in old age, as the vast majority of elderly persons
will show osteoporotic indices in any case. However, the use of ‘bone prophy-
laxis’ is advisable, and the current recommendations of the British Osteo-
porosis Society are that calcium and vitamin D supplementation is acceptable
in elderly patients receiving corticosteroids. This has the advantage of con-
venience and minimal side effects.

Particular attention in old age should be given to non-drug management.
The uptake of influenza and pneumococcal vaccination is poor and as well as
the standard methods of recruiting for this (in the community) an opportunis-
tic policy should perhaps be pursued in hospital outpatients and even ward
discharges. The dietary intake of frail and elderly patients in general is often
limited whether or not they suffer COPD, often as a result of impaired ADL
abilities. This clearly merits attention. Elderly patients as well as the young are
able to benefit from pulmonary rehabilitation programmes [38] and should be
included in them.

The high incidence of depression in elderly patients with COPD has 
already been mentioned [27,28], as has its under-recognition [28]. In these 
respects, COPD is little different from many other chronic disabling illnesses
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7: Do COPD patients develop particular
problems in sleep?

Walter McNicholas

Introduction

Sleep has well-recognized effects on breathing, which in normal individuals
have no adverse impact. These effects include a mild degree of hypoventilation
with consequent hypoxaemia and hypercapnia, and a diminished responsive-
ness to respiratory stimuli. However, in patients with chronic lung disease
such as chronic obstructive pulmonary disease (COPD), these physiological
changes during sleep may have a profound effect on gas exchange, and
episodes of profound hypoxaemia may develop, particularly during rapid-
eye-movement (REM) sleep [1], which may predispose to death at night [2].
Furthermore, COPD has an adverse impact on sleep quality itself [3], 
which may contribute to the complaints of fatigue and lethargy that are well-
recognized features of the condition [4] (Table 7.1).

How does COPD affect sleep quality?

Sleep tends to be fragmented in COPD, with frequent arousals and diminished
amounts of slow-wave and REM sleep [3]. The mechanism of sleep impair-
ment in COPD is unclear, but probably relates at least in part to the disordered
gas exchange. Although there have been many studies of breathing and gas 
exchange disturbances during sleep in COPD, few studies have focused on
sleep quality. Furthermore, sleep impairment is an aspect of COPD that is fre-
quently ignored by many physicians, even in research protocols designed to
assess the impact of COPD on quality of life [5–8]. This aspect assumes partic-
ular importance in the context of assessing the impact of pharmacological
therapy on quality of life in patients with COPD [9], since pharmacological
agents that improve sleep quality in COPD [10] are likely to have a beneficial
clinical impact over and above that simply associated with improvements in
lung mechanics and gas exchange, particularly in terms of fatigue and overall
energy levels.
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When should COPD patients have sleep studies?

The serious and potentially life-threatening disturbances of ventilation and
gas exchange that may develop during sleep in patients with COPD raise the
question of appropriate investigation of these patients. However, it is widely
accepted that sleep studies are not routinely indicated in patients with COPD
associated with respiratory insufficiency, particularly since the awake PaO2

level provides a good indicator of the likelihood of nocturnal oxygen desatu-
ration [11]. Sleep studies are only indicated where there is a clinical suspicion
of an associated sleep apnoea syndrome or manifestations of hypoxaemia not
explained by the awake PaO2 level, such as cor pulmonale or polycythaemia.
In most situations in which sleep studies are indicated, a limited study focusing
on respiration and gas exchange should be sufficient, and full polysomno-
graphy with sleep staging is rarely required (Table 7.2).

What are the mechanisms of sleep-related breathing
disturbances in COPD?

Sleep-related hypoxaemia and hypercapnia are well recognized in COPD,
particularly during REM sleep, and may contribute to the development of cor
pulmonale [1,12] and nocturnal death [2]. These abnormalities are most com-
mon in the ‘blue bloater’ type of patient, who also have a greater degree of
awake hypoxaemia and hypercapnia than the ‘pink puffer’ type of patient
[13]. However, many patients with awake arterial PO2 (PaO2) levels in the
mildly hypoxaemic range can also develop substantial nocturnal oxygen 
desaturation, which appears to predispose to the development of pulmonary

Table 7.1 Impact of chronic obstructive pulmonary disease (COPD) on sleep.

• Disturbed sleep quality
• Diminished slow-wave and rapid-eye-movement (REM) sleep
• Frequent arousals
• Impaired gas exchange
• Hypoxaemia —may be severe in REM sleep
• Hypercapnia —usually mild

Table 7.2 Mechanisms of sleep-related hypoxaemia in chronic obstructive pulmonary disease
(COPD).

• Hypoventilation —most important
• Impact of oxyhaemoglobin dissociation curve —amplifies the impact of hypoventilation
• Ventilation–perfusion mismatching
• Coexisting sleep apnoea —present in only 10–15% of patients
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hypertension [12]. Furthermore, COPD patients develop levels of oxygen 
desaturation during sleep that are greater than those seen during maximum
treadmill exercise testing [14]. There are a number of potential mechanisms
for the development of these abnormalities.

Hypoventilation

Studies using non-invasive methods of quantifying respiration have shown
clear evidence of hypoventilation, particularly during REM sleep, associated
with periods of hypoxaemia in patients with COPD [15,16], but the semi-
quantitative nature of these measurements makes it difficult to determine if
this is the sole mechanism of oxygen desaturation, or whether other factors are
involved. A recent report [14] in which ventilation, SaO2, and transcutaneous
PCO2 (PtcCO2) were continuously recorded during sleep in a group of patients
with severe but stable COPD demonstrated that falls in SaO2 were accompa-
nied by a rise in PtcCO2, and REM sleep, in particular, was frequently charac-
terized by irregular, low tidal volume respiration and a high PtcCO2. These
observations support hypoventilation as the major cause of nocturnal 
desaturation in COPD, particularly during REM sleep.

Impact of the oxyhaemoglobin dissociation curve

There is a close relationship between awake PaO2 and nocturnal oxygen satu-
ration (SaO2) levels, and it has been proposed that nocturnal oxygen desatura-
tion in patients with COPD is largely the consequence of the combined effects
of physiologic hypoventilation during sleep and the fact that hypoxaemic 
patients show a proportionately greater fall in SaO2 with hypoventilation than
normoxaemic, because of the effects of the oxyhaemoglobin dissociation
curve [14–16]. However, PaO2 has also been shown to fall more during sleep
in major desaturators as compared with minor desaturators [14], which indi-
cates that other factors must also play a part in nocturnal oxygen desaturation
in patients with COPD.

Altered ventilation–perfusion relationships

The reduction in accessory muscle contribution to breathing particularly 
during REM sleep result in a decreased functional residual capacity (FRC),
and contribute to worsening ventilation–perfusion relationships during sleep,
which also aggravate hypoxaemia in COPD [15,16]. We have found that 
transcutaneous PCO2 (PtcCO2) levels rise to a similar extent in patients who 
develop major nocturnal oxygen desaturation to that in patients who develop
only a minor degree of desaturation [14], which suggests a similar degree 
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of hypoventilation in both groups, despite the different degrees of nocturnal
oxygen desaturation. The much larger fall in PaO2 among the major desa-
turators as compared with the minor desaturators, in conjunction with the
similar rise in PtcCO2 in both patient groups, suggests that in addition to a de-
gree of hypoventilation operating in all patients, other factors such as ventila-
tion–perfusion mismatching must also play a part in the excess desaturation of
some COPD patients.

Coexisting sleep apnoea syndrome

The incidence of sleep apnoea in patients with COPD is about 10–15% [17],
which is little higher than would be expected in a normal population of similar
age. Factors that may predispose to sleep apnoea in patients with COPD in-
clude impaired respiratory drive, particularly in the ‘blue bloater’ type of
COPD patient. Patients with coexisting COPD and sleep apnoea typically 
develop more severe hypoxaemia during sleep, because such patients may be
hypoxaemic at the commencement of each apnoea, whereas patients with
pure sleep apnoea tend to resaturate to normal SaO2 levels in between ap-
noeas. Therefore, they are particularly prone to the complications of chronic
hypoxaemia, such as cor pulmonale and polycythaemia [17] (Table 7.3).

Can sleep-related breathing abnormalities in COPD be treated?

General principles

The first principle of management of sleep-related breathing disturbance in
COPD should be to optimize the underlying condition, since this will almost
invariably have beneficial effects on breathing. For example, optimizing bron-
chodilator therapy has been shown to improve gas exchange during sleep

General measures
Optimize therapy of underlying condition
Prompt therapy of infective exacerbations

Supplemental oxygen
Controlled flow to minimize risk of CO2 retention

Pharmacologic therapy
Bronchodilators, particularly anticholinergics
Theophylline
Almitrine
Non-invasive positive pressure ventilation (NIPPV)

Table 7.3 Management options
for chronic obstructive
pulmonary disease (COPD)
patients with sleep-related
respiratory failure.
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[10,18] Respiratory infections in these patients should be treated promptly
and vigorously.

Oxygen therapy

The role of oxygen therapy in COPD is covered in another chapter, but it is 
important to summarize the impact of oxygen supplementation in COPD 
during sleep. Oxygen therapy effectively corrects sleep-related hypoxaemia in
COPD [19], but at the cost of some degree of CO2 retention. However, this 
retention is usually modest (approximately 1kPa) and non-progressive during
the night. Oxygen therapy can also improve sleep quality (Fig. 7.1).

Pharmacologic therapy

Anticholinergics. Cholinergic tone is increased at night, and it has been 
proposed that this contributes to airflow obstruction and deterioration in gas
exchange during sleep in patients with obstructive airways disease. There is re-
cent evidence that ipratropium improves arterial SaO2 in addition to sleep
quality in patients with COPD [10].

Theophylline. Theophylline improves gas exchange during sleep in COPD
[18], which may reflect the fact that in addition to being a bronchodilator,
theophylline has important effects on respiration, including central respira-
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tory stimulation and improved diaphragmatic contractility [20]. However,
theophyllines have an adverse effect on sleep quality, and also have a rela-
tively high incidence of gastrointestinal intolerance, which limits their use-
fulness in this setting.

b2-agonists. There are only limited data on the efficacy of b2-agonists on the
management of sleep-related breathing abnormalities in COPD. One report
found that a long-acting theophylline was superior to salbutamol in terms of
nocturnal gas exchange and overnight fall in spirometry [21]. However, there
are no studies of the impact of long-acting b2-agonists on sleep and breathing
in COPD.

Almitrine. Almitrine lessens hypoxaemia both awake and asleep, by means of
carotid body stimulation and improved ventilation–perfusion matching with-
in the lung [22], and it is beneficial in hypoxaemic patients with COPD [23].
Important side effects include pulmonary hypertension, dyspnoea and 
peripheral neuropathy [24].

Non-invasive ventilation

The role of non-invasive ventilation in acute exacerbations of COPD is 
covered in Chapter 16. However, in the past decade, increasing attention has
been directed towards non-invasive methods of ventilatory support of COPD
patients with chronic respiratory insufficiency, particularly during sleep
[25,26]. Beneficial effects on gas exchange during wakefulness have been
widely reported in patients treated with nocturnal ventilatory support in addi-
tion to improvements in respiratory muscle strength and endurance [27,28].
The mechanism by which non-invasive positive-pressure ventilation (NIPPV)
produces improvements in daytime blood gases likely involve a number of fac-
tors, which include resting of the respiratory muscles, resetting of respiratory
drive, particularly at the chemoreceptor level and a reduction in residual 
volume and in the degree of gas trapping.

The findings from studies of NIPPV during sleep in COPD offer exciting
new prospects for the management of such patients with advanced disease
who are in chronic respiratory failure. However, the health-care resource im-
plications of this therapy are potentially very great, because of the high preva-
lence of COPD. While it is clear from the literature that NIPPV will play an
increasing role in the management of patients with advanced COPD over
coming years, it is likely that only a subset of patients with advanced COPD
will benefit from this therapy. These considerations emphasize the importance
of outcome studies that evaluate the efficacy of this therapy in different patient
populations.
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8: Is it possible to help people 
stop smoking?

James Friend

Tobacco smoking is the single most important cause of chronic obstructive
pulmonary disease (COPD), and smoking cessation is the most important
measure in improving the long-term outlook for people with COPD.

What good does stopping smoking do?

The damage that smoking does to health is well known. It is estimated that
someone who smokes 20 cigarettes a day during adult life has a 50% likeli-
hood of dying of a smoker’s disease, with an average loss of life expectancy 
of 8 years, or up to 11min of life lost per cigarette smoked. The three major
smokers’ diseases include lung cancer, now the commonest cause of cancer
deaths in the UK in both men and women; ischaemic heart disease; and COPD.
On top of all this, a range of other malignancies and vascular diseases are com-
moner in smokers, and together all these diseases account for about 120000
UK deaths per year in a population of 55 million —the biggest preventable
cause of ill-health and death.

Most people know and accept that smoking does some harm to health, but
the level of risk is not usually known or acknowledged. There is a tendency for
smokers to feel that the risks of smoking may not be very large, and that the
consequences are likely to be far in the future, and in any case, ‘the damage has
probably been done’. Health advisers have a responsibility to explain to 
smokers that the risks are considerable, that many of the diseases are 
often prolonged, disabling and miserable (and here COPD is pre-eminent) 
and that the benefits of stopping smoking are quick and important.

In the case of COPD, the average loss of forced expiratory volume in one
second is 50–80mL per year. However, people with COPD who stopped
smoking in the Lung Health Study [1] showed an average increase of forced
expiratory volume in 1s (FEV1) of 57mL in the first year. Over 5years, a per-
son with COPD who stopped smoking had an average decline in FEV1 of 
34mL per year, which is very similar to the ‘normal’ decline in FEV1 in lifelong
non-smokers as a result of ageing. In other words, there is good evidence to be



SMOKING CESSATION 103

able to say to smokers with COPD, ‘If you stop smoking now, not only will
your lung function stop getting rapidly worse, but there may be a small im-
provement in your lungs; and there is a good chance that you will live longer.’

Within 1–2 years of stopping smoking, the excess risk of death from heart
disease is halved, and after 15 years, reaches almost the level of lifelong non-
smokers. On top of this, smokers who stop smoking reduce their risk of devel-
oping lung cancer to 30–50% of that of continuing smokers within 10 years of
stopping. Similar benefits accrue in terms of the risks of many of the other
smokers’ diseases. The health benefits of stopping smoking are not in doubt,
and the financial benefits can be substantial —for example, in the UK in 2001,
the average 20-a-day smoker spends over £1500 every year on cigarettes.

Finding out about smokers and their smoking —ask!

A careful smoking history is essential to a full understanding of smokers in de-
ciding which approach is most likely to help them to stop smoking. The smok-
ing history is as important a part of the history as the patient’s name and age,
or the presenting symptoms, or the recording of vital signs. After the first ques-
tion, ‘Do you smoke?’ it is also essential to add, for those who say ‘No’, ‘Have
you ever been a smoker?’ We have all come across clinical records which
record ‘non-smoker’ for a patient who stopped smoking only weeks or days
ago.

The next part of the smoking history is to gauge the lifetime dose of 
tobacco smoke and some idea of smoking behaviour. The following questions
may also give an idea of lifetime habits and ‘dose’:
• ‘How old were you when you started smoking?’
• ‘How many cigarettes do you smoke now?’
• ‘How many cigarettes a day have you smoked on average over the years?’

In the USA, it is common to estimate cigarette smoke consumption 
in ‘pack-years’, assuming a pack to contain 20 cigarettes. The calculation 
is simply made by multiplying the number of packs smoked per day by the
number of years smoked; so to smoke a pack a day for 10years makes for a 
10 pack-year smoker, and 30 cigarettes (one and a half packs) a day for 30
years would be a 45 pack-year smoker.

Another area of enquiry relates to how well the smoker manages without
nicotine doses, to gain some idea of the level of dependence on nicotine. Vari-
ous measures have been developed for this, including the Fagerström Test for
Nicotine Dependence (FTND) [2], in which the subject is asked the series of
questions shown in Table 8.1). Many other scales and questionnaires have
also been developed. However, in practice, asking about the number of 
cigarettes smoked each day and the time to the first cigarette probably give a
simple idea of the level of dependence.
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Further questions will be needed before the questioner can move forward
towards helping the smoker to stop; these will be discussed later, but should
include:
• ‘Have you ever thought about giving up smoking?’
• ‘Have you ever tried to stop smoking?’
• If ‘Yes’, an inquiry about previous attempts and relapses.

What are the barriers to stopping smoking?

Barriers in the smoker

Smokers will not stop smoking unless they want to stop, and also if they be-
lieve that they can stop. To want to stop, smokers must acknowledge the ad-
vantages of stopping, which will include improved health, saving money, and
other individual factors; these may include benefits to their families, feelings of
being in control, smelling nicer, and so on. It is valuable to explore these with
the smoker, and to record them. Smokers also find it hard to believe that they
could stop, because a number of barriers may exist to successful stopping. It is
the job of the stop-smoking advisor to understand and look for these barriers,
and to help the smoker overcome them.

Table 8.1 The Fagerström Test for Nicotine Dependence (FTND) [2], in which the subject is
asked a series of questions. A score of 6 or more on this scale is usually considered to represent
high nicotine dependency.

Question Answer Score

How soon after you wake up do you have your Within 5min 3
first cigarette? 6–30min 2

31–60min 1
Over 60min 0

Do you find it difficult to refrain from smoking in Yes 1
places where it is forbidden? No 0

Which cigarette would you hate giving up most? The first in the morning 1
Others 0

How many cigarettes per day do you smoke? Less than 10 0
11–20 1
21–30 2
More than 30 3

Do you smoke more frequently during the first hours Yes 1
after waking than during the rest of the day? No 0

Do you smoke if you are so ill that you are in bed Yes 1
most of the day? No 0
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Addiction

There has always been debate as to whether smoking is a pastime, habit, or 
a true addiction, and the reality is that different people may be more or less 
dependent on nicotine. However, for many people, nicotine use does fulfil
many of the criteria for substance dependence listed by the World Health Or-
ganization International Classification of Diseases (ICD-10). Withdrawal of
nicotine is for many smokers extremely stressful, and for a few, virtually im-
possible. It is clearly easier for less addicted smokers to stop.

Social disadvantage and psychiatric problems

Smoking rates are highest among the poorest social groups, and cessation
often poses particular difficulties for socially deprived people for whom daily
survival against the odds is the major preoccupation. For many people, smok-
ing is a (relatively) cheap, immediately available pleasure, which may take
precedence over other needs and long-term goals. Others who have particular
difficulty in stopping include those with psychiatric disorders, including 
anxiety states, affective disorders, and other psychoses.

Concerns about weight gain

Cigarette smoking has sometimes been promoted as an aid to keeping slim,
and smoking may reduce appetite and impair the taste of food. During smok-
ing cessation efforts, weight gain often occurs, perhaps because appetite 
improves along with an improved sense of taste. Snacking may also be a re-
placement activity for smoking. On average, weight gain of 4–5kg can occur
in the first year of smoking cessation, and for a few, much greater weight gains
may occur. The fear of weight gain can deter the figure-conscious smoker from
attempting to stop smoking, particularly among women. Although a lean
body image is a high priority, encouraged by the fashion press and often high-
lighted in tobacco advertising, particularly aimed at women, the risks of mild
weight gain are far outweighed by the health risks of smoking. Any weight
gain from smoking cessation need only be temporary, and need not occur at all
with supportive advice and forewarnings. The use of nicotine replacement
therapy and bupropion may reduce the tendency to weight gain.

Physical disease

In studies involving patients with diseases strongly linked to smoking, the 
occurrence of an acute and often dramatic episode, such as a recent acute 
myocardial infarction, often resulted in improved cessation rates. On the
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other hand, those with long-term disabling chronic respiratory disease, in-
cluding COPD, demonstrated lower success rates in smoking cessation than
unaffected people of similar age and sex. Perhaps the people with these 
chronically progressive diseases who were most likely to stop smoking did so
in the earlier stages of their disease, when symptoms first started to have an im-
pact on their lives —while on the other hand, those who did not stop earlier
were the more addicted ones, who continued to smoke despite the develop-
ment of increasingly obvious disability.

Advertising, social pressures

Tobacco manufacturers claim that advertising seeks only to inform smokers of
brands, and attempts to switch brand loyalty among smokers. They also claim
that advertising plays no part in recruiting new smokers. Despite this, there is
good evidence that advertising encourages young people to try smoking, rein-
forces the social acceptability of smoking, and makes the whole product more
attractive. Smokers also find it harder not to smoke if their parents, siblings,
work mates or friends smoke, and where smoking forms a part of normal so-
cial activities at social gatherings, in pubs, and at work breaks. Such smokers
may suffer some degree of social loss by giving up smoking.

Barriers to smoking cessation created by the counsellor

Smokers are more likely to succeed in stopping smoking with the help of an
empathetic person who creates a good rapport and shows genuine, uncritical
understanding of the smoker’s needs and difficulties. The smoking cessation
counsellor has to be able to retain enthusiasm for the task despite many fail-
ures —and doctors, particularly, are not good at seeing the value of spending
time on smoking cessation. Even if they achieve a cessation rate of 10%, the
nine out of 10 failures loom large in proportion to the single success, and 
enthusiasm can evaporate.

What can I do in a few minutes to help COPD patients stop
smoking? —the brief intervention

If the average medical consultation in primary care lasts 8min, and hospital
doctors are often rushed for time too, the intervention on smoking must be
very focused if it is to have any impact. Despite this, studies suggest that even
very brief advice to stop, taking 3min of a clinician’s time, can increase 
6-month cessation rates by about 2%. This means that in the average UK 
general practice of about 9000 patients cared for by five partners, with 2600
smokers, brief advice could help 50 patients per year to stop smoking. Over
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the United Kingdom, such simple measures could achieve 300000 ex-smokers
per year in a country with around 12million smokers. There is no reason why
other health professionals, including practice nurses, ward nurses, and health
visitors, and also members of the paramedical professions such as physiother-
apists, dietitians, pharmacists and others could not have an equal or greater
impact. So far there is no evidence as to how effective professionals other than
doctors are in giving opportunistic advice and assisting smoking cessation. It
seems likely that ‘brief intervention’ is most likely to be successful with light
smokers, smoking 10 cigarettes a day or less. For heavier smokers, additional
help or pharmacotherapy (nicotine replacement therapy or bupropion) is 
likely to be required.

How to undertake the brief intervention

The ‘five As’:
• Ask about smoking habits and history, as detailed above.
• Advise all smokers to consider stopping or stop.
• Assess their smoking habit and how best to:
• Assist the smoker to consider stopping, to prepare to stop, or to take 
action.
• Arrange follow-up for further support, or referral to specialist cessation
service.

When asking about smoking habits, a good early question is, ‘Have you
ever thought about stopping smoking? If the answer is ‘No’, then it opens an
opportunity to ask what the smoker likes about smoking, what they may dis-
like about smoking, and whether they see any advantage to not smoking. This
may be a good moment to give factual information about the advantages of
stopping, with improvements in health and money savings, good example 
to young people, depending on the individual. Some advisors may find the
measurement of exhaled carbon monoxide a useful educational tool at this
point. It may be a good moment to assess dependence by asking about the time
to first cigarette, as one of the major indicators in the Fagerström Test for
Nicotine Dependence (FTND) mentioned above. Supportive literature may be
provided at this point. The intention is to encourage the smoker to consider
the benefits of stopping, with a statement such as ‘I’d really like to help you to
stop smoking at some point, not too far away, so perhaps we can talk about
this again soon, once you have thought about it.’

For the smoker who answers ‘Yes’ to the question, ‘Have you ever thought
about stopping?’, the next question is, ‘Have you ever tried to give up?’ If yes,
one needs to know about previous attempts to stop, how long the smoker
managed to stop, and what happened to start them smoking again. If the
smoker has thought of stopping but never actually tried, perhaps because 
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they thought they wouldn’t succeed, then it is helpful for the smoker to know
that:
1 There are 12 million successful ex-smokers in the UK in a population of 55
million.
2 Most of them report that once they had decided to try to stop smoking, it
proved less difficult than they had expected.
3 Most successful ex-smokers have made one or more attempts to stop 
before they finally succeed in stopping.

The counsellor should express every willingness to help the smoker stop
smoking if he or she wants to, in an open, supportive way without criticism or
derision.

Having identified a smoker as wishing to give up, the counsellor can assist
the smoker by stressing one or more of the ‘five Rs’:
• Relevant benefits for the smoker
• Risks of continuing to smoke
• Rewards from stopping
• Roadblocks to stopping
• Repeat attempts are more successful.

Finally, it is always good practice to arrange a follow-up visit to discuss
progress and give further support. For some patients, much more intensive
support and more specialized advice may be needed, and referral to one of the
many more specialized smoking cessation support services should always be
considered as an addition to brief advice.

How can I understand more and improve success rates?

The majority of successful cessation strategies either result from the smoker’s
own decision and strategy, often with help from friends or family, or from brief
interventions by committed health professionals. Success is encouraged by a
supportive environment, which should include the absence of advertising and
promotion, and restrictions on smoking in public places and at work, which
most smokers support. In addition, there is a place for more specialized smok-
ing advice from trained counsellors who are able to devote more time and ex-
pertise to the more addicted smokers. There is strong evidence that experts,
spending more time, with regular follow-up and access to the full range of
pharmacotherapeutic aids, can achieve the highest success rates. ‘Smoking
Advice Services’ have been established throughout England and in many other
areas of the UK to provide easily accessible advice, and try to ensure that the
services are available to less affluent groups, who have the highest smoking
rates. Telephone support is a further valuable option, together with self-help
materials.
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Which treatments will increase success rates —nicotine
replacement, bupropion, and the rest?

Nicotine replacement therapy

Nicotine replacement therapy (NRT) first became widely available in the form
of nicotine chewing gum. Since then, further nicotine delivery methods have
become available, including transdermal patches, a nicotine inhaler, nicotine
nasal spray, nicotine sublingual tablets and nicotine lozenges (both for buccal
absorption). The British smoking cessation guidelines [3,4] offer detailed evi-
dence on the effectiveness of nicotine replacement therapy as an aid to smok-
ing cessation, indicating that use of nicotine replacement therapy doubles the
chance of success in smokers who wish to stop.

Available delivery systems currently include:
• Nicotine chewing gum, 2mg and 4mg strengths.
• Nicotine transdermal patches —delivery over 16h: 5mg, 10mg and 15mg
strengths; delivery over 24h: 7mg, 14mg, and 21mg strengths.
• Nicotine sublingual tablets, 2mg.
• Nicotine lozenges, 1mg.
• Nicotine inhalator, 10-mg doses for inhalation.
• Nicotine nasal spray, metered dose inhaler, 0.5mg per puff.

Currently, nicotine replacement therapy is not recommended in pregnancy
or in severe cardiovascular disease, and some products are not recommended
for people under the age of 18. However, trials of safety and efficacy in such
groups are needed, as it is unlikely that nicotine replacement will be more 
dangerous than the continued smoking it is intended to replace. Indeed, the
benefits of stopping smoking may well outweigh the risks of using NRT.

Choosing the best form of NRT for a smoker who wants to stop

There is no clear information as to which type of NRT is most effective, 
and much depends on patient preference. In medium to heavy smokers, 
results are best when the higher dose formulations are used initially, such 
as the 4-mg gum, or the 15-mg, 16-h patch, or the 21-mg, 24-h patch. 
Many smokers prefer nicotine patches, and do not like chewing gum. It is 
best to discuss the options with smokers to find their preferences. The theory 
is that the 24-h patches, applied in the morning, will provide ‘cover’ until 
the next morning. Some smokers find that the continued release of nicotine
through the night causes side effects such as vivid dreams, insomnia, and 
other side effects, and such people are likely to tolerate the 16-h preparations
better.
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It can be argued that the oral or inhaled varieties of NRT, having the quick-
est delivery after use, may have value in rapidly assuaging cravings in highly
addicted smokers. In pregnancy, if cessation seems unlikely with advice alone,
one of the oral or sublingual forms of NRT may be considered more appropri-
ate than one of the more persistent dosing systems such as the transdermal
patches.

Concurrent use of two or more different types of NRT is not at present 
recommended, as there have been no studies suggesting whether combined
NRT therapies could be helpful. However, the use of different types of NRT
together does have some logic, and there are anecdotal accounts of this being
helpful to some individual smokers, using a patch for day-long nicotine levels
and an oral tablet or lozenge to treat a particular short-term need.

Bupropion

This drug is an atypical antidepressant with both adrenergic and dopaminer-
gic actions. Trials of the drug as a smoking cessation aid suggest that if 
bupropion is started 1 week before cessation, and continued for 7–12
weeks along with intensive support, smoking cessation rates are doubled
when compared with placebo. As with other antidepressants, there is a one in
1000 risk of seizures, and epilepsy is regarded as a contraindication to its use.
It is also not advised in pregnancy, in people with severe hepatic cirrhosis, 
with bipolar disorders, anorexia nervosa or people who have had a mono-
amine oxidase inhibitor (MAOI) within the previous 2weeks. From trials 
conducted to date, it is not yet clear whether bupropion is more effective than
NRT, whether it is effective without behavioural support, and whether, when
used together, bupropion and NRT might be more effective than either treat-
ment alone.

In COPD, there has been one published trial of bupropion; in subjects with
relatively mild COPD who volunteered for the study, smoking cessation rates
were approximately doubled. However, it may be harder to achieve success in
patients with severe COPD.

Other interventions

In addition to NRT and bupropion, clonidine has been shown to have value in
smoking cessation treatment, but tends to have more side effects than NRT or
bupropion. A variety of antidepressants have also been tried, but without the
success rates of NRT/bupropion. There is no good evidence for the value of
hypnosis, acupuncture, or any other complementary therapy in smoking 
cessation.
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Is smoking cessation work worthwhile?

Various interventions to assist smoking cessation have been assessed as shown
in Table 8.2, with success in each case being defined as 6months or more 
of tobacco abstinence. It will seen from the Table that in properly validated
studies, success rates increase with the amount of support given. Success also
increases (roughly doubles) with NRT or bupropion, and with the motivation
of the smoker —those who seek help are more likely to succeed than those who
come to a doctor for another reason, or who are admitted to hospital. Bear-
ing in mind the number of smokers (in the UK, perhaps 13million out of a 
population of 55million), even these apparently small success rates can 
represent large numbers of people.

A further way of looking at the issue of smoking cessation is by the benefit
achieved in terms of life-years saved by successful smoking interventions. This
issue is examined extensively in the British smoking cessation guidelines [3,4]
but it has been calculated that an intervention based on an integrated area
service and including brief advice, self-help, nicotine replacement therapy and
a specialist service costs about £873 per quality-adjusted life year (QALY)
saved. The cost of brief advice only is just over £2000 per QALY. Although 
this may sound expensive, many other forms of therapy are very much more
expensive; for instance, the use of lipid-lowering agents (statins) has been 
estimated to cost around £9000 per QALY. It is estimated that £275million
will be spent on statins in the year 2001 —about 10 times as much as is likely 
to be spent on smoking cessation drugs, with less than a tenth of the cost-
effectiveness.

Table 8.2 Interventions to assist smoking cessation (data from [4]).

Intervention Group studied Increase in 
success rates (%)

Simple brief advice by physician Smokers attending GP surgeries 2
Specialist adviser, face to face, intensive Moderate to heavy smokers seeking advice 7
Specialist adviser, face to face, intensive Hospital admissions 4
Nicotine gum, intensive support, Moderate to heavy smokers 8
Nicotine patches, intensive support Moderate to heavy smokers 6
Nicotine nasal spray, intensive support Moderate to heavy smokers 12
Nicotine sublingual tablet, intensive support Moderate to heavy smokers 8
Intensive support, plus NRT or bupropion Moderate or heavy smokers seeking help 13–19

GP, general practitioner; NRT, nicotine replacement therapy.
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9: Bronchodilators in stable COPD —
which one when?

Ronan O’Driscoll

Why use a bronchodilator in stable COPD?

Bronchodilator treatment provides symptomatic relief for patients 
with COPD. The main indication for the use of bronchodilator drugs is the 
relief of breathlessness or wheeze. For many patients with mild COPD, 
bronchodilator therapy (to be used as required) might be their only 
requirement.

Bronchodilator medication has no effect on prognosis in COPD [1].
Therefore, there is no need to insist on regular medication. The patient can be
advised to take their bronchodilator therapy as required. Patients with trou-
blesome symptoms are likely to use a short-acting bronchodilator several
times per day. Many such patients may benefit from the introduction of a 
long-acting b-agonist bronchodilator.

For patients with more advanced COPD, bronchodilator therapy should
be used as an adjunct to other therapy such as oxygen (if hypoxic), pulmonary
rehabilitation (if disabled by breathlessness) and smoking cessation (if still
smoking).

It is important to emphasize that bronchodilators will have no benefit in an
asymptomatic patient in whom COPD is identified at routine screening tests.
Such patients should be given smoking cessation advice (if still smoking) but
bronchodilator therapy should not be started until the patient becomes 
symptomatic.

The aim of bronchodilator treatment is to provide relief of symptoms and,
if possible, to extend exercise tolerance. Long-acting bronchodilators may 
reduce exacerbation rates in COPD as discussed below. For some patients
with COPD, bronchodilator therapy may facilitate mucus expectoration. For
a minority of patients with advanced COPD and problems with mucus clear-
ance, this might best be achieved with nebulized bronchodilator therapy or
with the use of nebulized saline as an adjunct to bronchodilator therapy from
a metered dose inhaler.
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When should bronchodilator therapy be commenced and how
often should it be used?

The prescriber should begin bronchodilator therapy when patients with
COPD report breathlessness or wheeze. Many patients with COPD are un-
aware of gradual loss of lung function over several decades. It is common for
the first symptoms of breathlessness to occur during chest infections. At this
stage, the patient may require bronchodilator therapy only during exacerba-
tions but, as the FEV1 declines over a period of years, the patient is likely to 
require bronchodilator therapy on many or most days.

Short-acting bronchodilator drugs are usually prescribed for use ‘as 
required’ to relieve breathlessness. Bronchodilators are also used to relieve
breathlessness or chest tightness during exercise or they may be used before
exercise to increase the patient’s exercise capacity or to reduce breathlessness
during the planned activity.

Bronchodilator drugs may also assist mucus clearance for some patients
with COPD (especially in the morning). Mucus clearance is assisted by dilata-
tion of narrowed airways [2]. It is possible that b-agonists may also assist
muco-ciliary clearance although this remains controversial. This use of bron-
chodilator therapy is likely to be of greatest benefit to patients with copious
sputum (for example those with coexisting bronchiectasis) or if the sputum is
difficult to expectorate. Anticholinergic bronchodilators could theoretically
cause some drying of bronchial secretions and could therefore make sputum
more viscous in some cases although this would appear to be a rare problem in
clinical practice.

Some patients prefer to use bronchodilator drugs on a regular basis to 
obtain a constant level of symptom relief throughout the day. There is no 
evidence to suggest that a prescription for regular bronchodilator therapy 
is better or worse than a prescription for bronchodilator therapy to be used ‘as
required’. In these circumstances, it is reasonable to let the patient choose
whether the drug is to be used on an intermittent or regular basis. In practice,
most patients with symptomatic COPD use their bronchodilator inhalers
three or more times per day.

Patients requiring frequent short-acting bronchodilator therapy or 
patients with more severe symptoms should be considered for a trial of a 
long-acting bronchodilator.

What are the criteria of success to justify continuing treatment?

There has been much debate as to whether subjective criteria or objective cri-
teria should be used to determine the outcome of a trial of bronchodilator
treatment. There is relatively little correlation between symptoms and lung
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function in individual cases of COPD [3]. It is also possible that some patients
may have physiological benefits such as reduced residual volume or reduced
gas trapping that may not be detected by simple lung function tests [4]. There-
fore, it is reasonable to aim at maximal symptom relief rather than maximum
lung function as the main objective of bronchodilator therapy in COPD.

Many clinicians find it helpful to monitor FEV1 or peak flow improvement
during bronchodilator therapy, especially as a large change in FEV1 or PEF
may suggest that the diagnosis is asthma rather than COPD. Measurement of
exercise capacity such as 6-minute walks, shuttle walks or step tests are help-
ful in research studies but they are of little value in assessing individual re-
sponses to treatment because improvements tend to be small (and variable).
The main subjective criteria which are used are the patients’ sensation of
breathlessness and wheeze and their ability to undertake everyday activities.
Patients should be specifically asked about these issues following a trial of
bronchodilator therapy.

Sophisticated quality-of-life measures such as the St George’s Respiratory
Questionnaire are useful in trials involving large numbers of patients but 
they are insensitive (and inconvenient) for use in the management of individ-
ual cases. Additional benefits might include enhanced mucus clearance or re-
duced exacerbation rates. The presence or absence of side-effects is another
important factor in determining whether or not to continue an inhaled 
treatment.

In summary, it is helpful to make objective measurements of lung function
but bronchodilator therapy is given for symptomatic relief so most emphasis
should be put on subjective benefit (and side-effects) when deciding whether
or not to continue an individual bronchodilator agent.

When should a second drug be added and does the combination
of b-agonist and anticholinergic really work better than higher
doses of single drugs?

There is evidence that combined bronchodilator therapy (b-agonist with anti-
cholingeric) produces greater bronchodilation than either drug given alone.
This is true whether the agents are given in moderate dose (from hand-held 
inhalers) or in high doses (from small-volume nebulizers) [5,6].

If patients remains symptomatic despite treatment with a single bron-
chodilator agent, it is reasonable to initiate a trial of combined therapy. How-
ever, combined therapy should be continued only if the patient reports a
definite improvement from the addition of the second agent. A combination
metered dose inhaler (MDI) containing b-agonist and anticholinergic agent
may be convenient for such patients. For some patients, higher doses of a 
single agent may give better symptomatic relief. However, combined therapy
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may deliver similar symptomatic relief with less side-effects (e.g. tremor from
high doses of b-agonist).

It is suggested that the prescriber should start either a b-agonist or an anti-
cholinergic on an ‘as required’ basis. In some clinical studies, anticholinergics
have produced greater overall bronchodilation but the b-agonist agents have
a quicker onset of action. It is reasonable to allow patients to assess their 
response to each agent and select the medication that gives them optimal
symptom relief.

If the patient needs to use their ‘as required’ treatment with increasing fre-
quency, they should be advised to try taking the medication on a regular basis
(e.g. qid) to see if this diminishes symptoms. If symptoms remain troublesome,
the prescriber may increase the bronchodilator dose or consider adding a sec-
ond agent or a long-acting b2-agonist (see next section).

Role of long-acting b-agnoists —do they act mainly on quality 
of life rather than on lung function variables?

There is increasing evidence that long-acting b2-agonist treatment is effective
for patients with COPD. This treatment has been shown to increase FEV1 and
peak flow, improve symptom control and improve quality of life compared
with ‘prn’ use of short-acting b-agonist therapy [7,8]. Treatment with a long-
acting b-agonist bronchodilator is likely to be of greatest benefit if prescribed
for patients with persistent symptoms despite the use of short-acting b-
agonists on a ‘prn’ basis. Some trials have shown a reduction in exacerbation
rates or delay in the time to first exacerbation during treatment with long-
acting b2-agonists [9].

Long-acting b-agonists have been shown to be more effective than short
acting anticholinergic agents in some studies [9]. Recently published evidence
suggests that a long-acting anticholinergic agent (tiotropium bromide) is at
least as effective as salmeterol and possible more effective for patients with
COPD (see Chapter 11 on future treatments for COPD) [20].

If a patient with COPD is prescribed a long-acting b-agonist, they should
continue to use their short-acting bronchodilator inhaler on a ‘prn’ basis for
episodes of breathlessness. There is some evidence that combined treatment
with salmeterol and anticholinergic treatment (ipratropium bromide) or with
oral theophylline treatment is more effective than treatment with salmeterol
alone [10,11].

Is the choice of inhaler device important?

Most patients with COPD are best treated with a hand-held device such as a
metered dose inhaler or dry powder inhaler. There is not much clinical differ-



BRONCHODILATORS IN STABLE COPD 117

ence between the bronchodilator response achieved by different devices. The
most important factor is to choose a device that the patient is able to use. For
many COPD patients (especially the elderly), a breath-activated MDI or an
MDI with spacer may be the easiest device for the patient to use.

Dry powder devices such as Diskhaler, Accuhaler, Clickhaler or 
Turbuhaler have all been used in COPD patients but there are few trials 
comparing the advantages and disadvantages of different hand-held inhaler
devices in patients with COPD. For patients with extremely low inspiratory
flow, an MDI with large volume spacer may achieve better lung delivery than
a dry powder device or a breath-activated inhaler. For most patients, the key
factor is the patient’s ability to use the inhaler device.

A recent meta-analysis of trials of bronchodilator therapy using different
hand-held inhaler devices showed that here was no important difference in
clinical outcomes between metered dose inhalers, breath-activated inhalers or
dry powder devices [12]. This meta-analysis involved patients with asthma
but it is likely that these findings would apply equally to COPD patients (pro-
vided they can use the device which is prescribed for them).

Most bronchodilator studies with spacer devices have used large (750mL)
spacer devices such as the Volumatic or Nebuhaler device. However, these 
devices are rather large and many patients prefer a smaller device such as 
‘Aerochamber’ although its use has not been as well validated in COPD as 
the larger devices. The smaller devices may not deliver as much aerosol to the
lung, especially if used with the older CFC-containing inhalers which have a
high spray velocity.

How should inhaler devices be selected for individual patients
with COPD?

In theory, each patient would use the smallest and cheapest device that 
they could use effectively. In practice, some patients may achieve greater 
bronchodilation with specific devices as discussed in the previous 
section.

It is essential that each patient should have their inhaled therapy planned
by a health-care professional who is familiar with the benefits and mode of use
of all available devices. This could be a respiratory physician, a respiratory
nurse specialist, a physiotherapist or a GP with a special interest in chest 
diseases.

This health-care professional should work with the patient to select the de-
vice which best suits the patient’s needs. When possible, one type of device
should be used for each patient. However, a patient who uses long- and short-
acting inhaled b-agonist therapy together with anticholinergic agent an in-
haled steroid may require two or more devices. The important issue is that the
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patient should understand how to use each device and demonstrate that they
can use it effectively.

For patients on high doses of inhaled therapy or for patients requiring mul-
tiple inhaler devices, a spacer device may be the best solution. However, this
may involve the use of some inhalers with spacer devices which are not 
licensed or tested for use with that inhaler. Patients with arthritis or weak
hands may benefit from a Haler-Aid device used with an MDI and spacer. A
gripping device is also available for the Turbohaler. If the patient cannot use an
MDI, the prescriber should consider a spacer device, breath-activated inhaler
or dry powder inhaler depending on what drugs are required and the reason
why the patient cannot use a MDI. Whatever device is chosen, it is essential to
recheck the patient’s inhaler technique on a regular basis. Some patients will
master the technique when supervised, but revert to a faulty technique during
months or years of unsupervised use.

Is there a role for nebulized bronchodilators in severe but
stable COPD?

A small minority of COPD patients may derive additional benefit from the
very high dose of bronchodilator therapy that can be delivered from a 
nebulizer [13,14]. Most patients can derive equal benefit from treatment using
hand-held inhalers or spacer devices. Nebulized treatment should only be pre-
scribed after a formal trial comparing the response to nebulized treatment
with the response to high-dose treatment using hand-held inhalers as recom-
mended in British Thoracic Society and European Respiratory Society Guide-
lines for nebulizer use [13,14].

Hand-held inhalers and nebulizers each achieve about 10% lung deposi-
tion of the prescribed dose (depending on which individual device is used).
However, a nebulizer will usually deliver a higher dose (e.g. 2.5mg of nebu-
lized salbutamol is the same dose as would be delivered by 25 puffs from a
salbutamol inhaler). Most patients will derive no additional benefit from the
higher dose of nebulized treatment (but side-effects may be increased).

However, for patients who do require high-dose treatment, a nebulizer
may be more convenient than multiple puffs from an MDI spacer. The 
European Nebulizer Guidelines suggest that patients who require 10 or more
puffs from hand-held inhalers to achieve symptomatic relief may find a 
nebulizer more convenient [14].

For some patients, especially with coexisting bronchiectasis, a nebulized
b-agonist may assist mucus clearance [15]. Benefit of this sort can only be iden-
tified by a trial of nebulized treatment in the patient’s home, ideally using
loaned equipment. Some patients use nebulized saline between doses of bron-
chodilator treatment to assist mucus expectoration and relieve breathless-
ness [16].
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Is there a role for oral bronchodilators in COPD?

Oral b-agonists such as salbutamol, terbutaline or bambuterol have been
shown to have bronchodilator activity in COPD. However, oral b-agonists
tend to cause side-effects such as tremor. Inhaled b-agonists can produce
equivalent or superior bronchodilation for most patients with less side-effects.

Oral theophylline has been shown to have a modest bronchodilator effect
in COPD. However, inhaled b-agonists, especially long-acting b-agonists,
achieve greater bronchodilation with less risk of toxicity. In patients with 
severe symptoms, there may be some benefit from the combination of inhaled
salmeterol supplemented by oral theophylline (but side-effects were also 
increased) [11].

It has been suggested that the best way to decide on optimal therapy for
COPD patients is to conduct ‘n or one’ trials where additional drugs such as
theophylline are introduced and withdrawn under careful medical scrutiny.
However, conventional practice may be just as effective in identifying 
the subset of patients who respond to theophylline (about 20%) [17]. Each ad-
ditional agent should be continued long-term only if the patient and the clini-
cian are convinced that the additional agent has added worthwhile benefit 
for the patient.

Are bronchodilators cost effective in COPD?

Inhaled bronchodilator therapy is relatively inexpensive. For example, eight
puffs of salbutamol per day from a metered dose inhaler costs approximately
£70 per annum in the UK. This is clearly cost effective if a patient reports sig-
nificant benefit. Breath-activated inhalers and dry powder inhalers are more
expensive than MDIs. Therefore, for patients who can use an MDI effectively,
it is the most cost-effective device. However, for patients who cannot use an
MDI after careful instruction, these devices may be cost effective if the patient
can use them more effectively.

Large volume spacers are a cheap means to enhance the clinical effective-
ness of MDI therapy. They are useful and cost-effective for patients with poor
inhaler technique. These devices may deliver more aerosol to the lungs than
the use of a MDI alone. This is especially useful for patients who require high
doses of bronchodilator drugs, thus achieving greater clinical benefit com-
bined with cost-effectiveness. (However, it is important to instruct the patient
that only one actuation at a time should be delivered via the large volume 
spacer, multiple actuations would result in reduced drug delivery to the lungs).
For patients who spend most of the day outside their house, these devices 
are rather large and may be left at home. In these circumstances, a breath-
activated device or dry powder device may become more cost-effective if it
achieves better symptom control.
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Long-acting b2-agonists are considerably more expensive than short-
acting b-agonists. However, there is some evidence that the long-acting b-
agonists may reduce or delay COPD exacerbations which could make this
treatment cost effective [9].

Nebulized bronchodilator therapy may help some patients with severe
COPD to avoid hospital admissions but the effect on admission rates in clini-
cal trials has been inconsistent and may apply to a subgroup of COPD patients
that has not yet been defined clearly. If admission rates were reduced for some
patients, this would make home nebulizer therapy cost-effective for some
COPD patients. Some patients have been given nebulizers in the past without
adequate assessment of their inhaled therapy using a range of devices. Such
management was clearly not cost effective.

Are there any chronic side-effects from 
bronchodilator therapy?

The short-term side-effects of b-agonists are well known (mostly tremor 
and palpitations). The main side-effect of anticholinergic therapy is a dry
mouth. Some patients find that inhaled medication makes them cough. Theo-
phylline treatment carries dangers of theophylline toxicity if high doses are
given or if the patient is given other drugs which interact with theophyllines. b-
Agonists and anticholinergic treatment have been used for decades without
any reports of significant cumulative side-effects. Long-acting b-agonists 
have also been evaluated in COPD without any major concerns about patient
safety.

What developments are likely in the near future?

Tiotropium bromide is a once-daily long-acting anticholingeric medication
which has been shown to be effective in clinical trials in COPD [18]. Tiotro-
pium is probably more effective than short-acting anticholinergic treatment
and it has been shown to reduce exacerbations and to improve health-related
quality of life [19]. A recent trial has suggested that tiotropium bromide may
achieve higher FEV1 values than salmeterol for COPD patients [20]. Tio-
tropium bromide was licensed for clinical use in the UK just prior to publica-
tion of this chapter so clinical experience with this medication at the time of
publication is confined to clinical trials. See Chapter 11.

New phosphodiesterase inhibitors such as Cilomilast are being developed.
Cilomilast has been shown to improve FEV1 compared with placebo in a study
of 424 patients but there was no difference in quality of life between the
groups. Further studies involving newer phosphodiesterase inhibitors are
awaited [21]. See Chapter 11.
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10: Inhaled steroids —do they still have 
a role?

Jørgen Vestbo

It will come as no surprise to practicing clinicians that inhaled corticosteroids
(ICS) are widely used in the management of chronic obstructive pulmonary
disease (COPD). It is the general impression that as many COPD patients as
asthma patients are treated with ICS; treatment often includes high-dose ICS,
is continued for years without much thought of monitoring the effect, and 
little is done to evaluate potential systemic side effects. The widespread use of
ICS was recently documented in a Canadian survey [1], in which 43% of hos-
pitalized patients using ICS were suffering from COPD and not asthma, which
is the registered indication in Canada as well as in most other countries.

There are no good studies on why inhaled corticosteroids became so 
popular in COPD in spite of their lack of official recognition and at a time
when few data on long-term effects were available. It is my belief that they
were used for several reasons —many doctors believed that COPD differed
very little from asthma, where inhaled corticosteroids are the front-line drug;
since systemic corticosteroids have been shown to be effective in the acute ex-
acerbation of COPD, it seemed rational to use local steroids as maintenance
treatment; and finally, what else could you use once you have tested all the
available bronchodilators?

Today, however, we have more data available to determine the choice of
whether or not to include ICS in the treatment for COPD.

The evidence

Early studies

Treatment of COPD with ICS has until recently not been evidence-based, no
matter how that term is defined. This is reflected in findings from literature
searches on the topic, with more editorials and comments being published
than original papers. It is worth bearing in mind that there can be several rea-
sons for choosing to treat COPD with ICS. Crudely, one can simply aim to re-
lieve symptoms in COPD, or one can have the more ambitious goal of altering
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the future course of the disease. This may seem too simplistic, but the aim of
treatment must be made clear. Whereas ICS, by diminishing acute inflamma-
tory changes in the airways, can reduce cough, mucus hypersecretion, and
perhaps even dyspnoea, the more ambitious long-term aim would be to alter
the course of the disease, and most often this would imply reducing the excess
decline in forced expiratory volume in 1s (FEV1), which is the hallmark 
of COPD. It would be fair, however, to state that a marked effect on other 
aspects of the disease —e.g. the number of exacerbations requiring medical
treatment —would be beneficial and could be said to affect the course of the
disease, although exacerbations are not traditionally considered significant in
the natural history of the disease [2]. Recent analyses in the Lung Health Study
[3] have shown that exacerbations result in an excess decline in FEV1 that is
not recovered later, and similar findings have been reported in abstract form
by a British group [4].

Regarding the relief of symptoms, the data are not impressive. Data on the
effect of ICS on FEV1 decline are also limited, and leave much room for differ-
ent interpretations. The most important studies will be briefly mentioned
below.

Very often the early findings of Postma et al. [5,6] are quoted. These were
uncontrolled studies of long-term treatment with low/moderate doses of sys-
temic corticosteroids. The studies were not trials of medication, but observa-
tional studies from an ongoing epidemiological panel study in the towns of
Vlagtwedde and Vlaardingen in the Netherlands, and no placebo-controlled
long-term studies of oral corticosteroids exist. Few controlled long-term stud-
ies of inhaled corticosteroids in COPD have been conducted until recently.
Kerstjens et al. [7] showed an effect on both FEV1 and exacerbations. From
today’s point of view, the study is limited, because the Dutch at the time when
the study was initiated seemed to make less distinction between asthma and
COPD than is generally considered correct, judging from recent guidelines on
asthma and COPD. This distinction between asthma and COPD was more 
obvious in the smaller study by Renkema et al. [8] from 1996. Their study
showed some effect of inhaled corticosteroids on FEV1, but the power of the
study was limited. Recently, a meta-analysis [9] of the studies by Kerstjens 
et al. [7] and Renkema et al. [8], together with a study published as an abstract
only [10] has appeared. The meta-analysis, by van Grunsven et al., showed an
estimated 2-year difference in prebronchodilator FEV1 between subjects
treated with inhaled corticosteroids and placebo of 34mL/year; this was sta-
tistically significant, in spite of the fact that approximately one-third of the pa-
tients originally included were excluded from the meta-analysis. The effect on
postbronchodilator FEV1 was less impressive, and the time course of FEV1 did
not fit in with our general understanding of the time course of the decline of
FEV1 in COPD. In a smaller Canadian study of 77 COPD patients irreversible
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to systemic corticosteroids, Bourbeau et al. [11] found no effect of inhaled
budesonide 1600mg daily on FEV1, dyspnoea and exercise capacity.

Recent studies

Five large placebo-controlled trials have recently been conducted —one 6-
month study and four studies lasting 3years. Crude results are shown in Table
10.1.

Paggiaro et al. [12] showed an effect of inhaled fluticasone on FEV1, respi-
ratory symptoms, and severity of exacerbations in patients with well-defined
COPD; however, the study only lasted 6months, which limits its value for 
assessing long-term effects.

The Copenhagen City Lung Study (CCLS) [13] included 290 subjects with
predominantly mild COPD from an ongoing epidemiological study in which
almost 10000 subjects were screened using spirometry. Patients were 
recruited as non-asthmatic subjects with a decreased ratio between FEV1 and
vital capacity (VC); i.e. FEV1/VC £0.7. Eligible patients had to be irreversible
to oral prednisolone and inhaled terbutaline —i.e. have an increase in FEV1

less than 15% of baseline; only 5% were reversible to prednisolone. A total of
290 patients were randomized to receive either budesonide, 800+400mg daily
for 6months followed by 400mg twice daily for 30months, or placebo for 36
months. The study drug and placebo were given in a multidose powder in-
haler, the Turbuhaler. The mean age of the patients was 59years, 40% were
women, and 77% were present smokers. The mean FEV1 was 2.37L or 86%

Table 10.1 Recent controlled trials of inhaled corticosteroids in chronic obstructive pulmonary disease.

Study Ref. Total Disease ICS Effect on Symptoms Exacerbations
number severity daily dose FEV1

Paggiaro et al. 12 281 Moderate Fluticasone Yes (6months) Yes Yes
1000mg (severity)

Vestbo et al. 13 290 Mild/ Budesonide None None None
(CCLS) moderate 1200/800mg

Pauwels et al. 14 1277 Mild/ Budesonide Initial rise; no None * None *
(EUROSCOP) moderate 800mg effect on decline

Burge et al. 15 751 Moderate/ Fluticasone Initial rise; no None Reduction
(ISOLDE) severe 1000mg effect on decline 23%

Lung Health Study II 19 1116 Moderate Triamcinolone None Yes Reduction
1200 mg ª 40–50%

CCLS, Copenhagen City Lung Study; EUROSCOP, European Respiratory Society Study on Chronic Obstructive
Pulmonary Disease; FEV1 forced expiratory volume in 1s; ICS, inhaled corticosteroids; ISOLDE, Inhaled Steroids in
Obstructive Lung Disease in Europe. * reported in oral presentations only.
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of predicted. The main outcome parameter was FEV1 decline, and crude FEV1

declines turned out to be slightly smaller than expected —41.8mL/year in the
placebo group and 45.1mL/year in the budesonide group. Post-
bronchodilator FEV1 over the course of the study is shown in Fig. 10.1. Using
a regression model in the intention-to-treat population, patients in the place-
bo group had an FEV1 decline of 49.1mL/year, in contrast to 46.0mL/year in
the budesonide group; the estimated difference was 3.1mL/year (95% confi-
dence interval, 12.8 to 19.0) was both statistically and clinically insignificant
(P=0.70). There was no initial rise in FEV1 in the budesonide group. Before
the study, the minimal relevant difference was decided as 20mL/year; this dif-
ference was outside the two-sided 95% confidence interval. Secondary effect
parameters were respiratory symptoms and number of exacerbations, and no
effect of inhaled budesonide was seen on either of these outcomes.

The European Respiratory Society Study on Chronic Obstructive Pul-
monary Disease (EUROSCOP) study [14] was a European multicentre study
in which 39 study centres in nine countries participated. EUROSCOP 
included patients with mild COPD who continued to smoke in spite of a 3-
month smoking cessation program including nicotine gum. A total of 1277
current smokers were randomized to either budesonide 400mg b.i.d. or place-
bo, both given in the Turbuhaler. The patients’ mean age was 52.5years, 73%
were men, and the mean postbronchodilator FEV1 was 79.7% of predicted.
There was a significant initial effect of inhaled budesonide on lung function; in
the first 6months, the placebo group experienced a rapid decline in FEV1, 
81mL/year, whereas the budesonide group had an increase in FEV1 of 
17mL/year. From 9 to 36months, both groups declined in FEV1, 69m/year in
the placebo group and 57mL/year in the budesonide group. The difference
was not statistically significant (P=0.39). After substratification according to
pack-years of smoking, there was a tendency towards an effect of budesonide
in subjects with £36 pack-years, but the difference in decline from 9 to 36
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months did still not reach statistical significance. No information on symp-
toms or exacerbations is given in the report [14], but from early presentations
of the study it seemed that no differences in the number of exacerbations were
found. Side effects and safety were well documented. There was a statistically
significant difference in the occurrence of skin bruises larger than 50mm in 
diameter on the volar side of the forearms —10% in the budesonide group 
and 4% in the placebo group (P<0.001). Apart from this, treatment was well
tolerated.

The third study is the Inhaled Steroids in Obstructive Lung Disease in Eu-
rope (ISOLDE) study [15]. ISOLDE is the only study that has included pa-
tients with severe COPD, the mean FEV1 being 50% of predicted. A total of
751 patients were included and randomized to either fluticasone 500mg in me-
tered-dose inhaler (MDI) via a Volumatic spacer twice daily, or placebo MDI
via Volumatic spacer. All patients were immediately after randomization of-
fered 2weeks of treatment with oral prednisolone, 0.6mg/kg once daily. The
main effect parameter was FEV1 decline; secondary effect parameters were ex-
acerbations, symptoms, and health status, the latter evaluated using the St
George’s Respiratory Health Questionnaire. Only 219 patients in the fluticas-
one group and 182 in the placebo group completed the study; patients with
more than three exacerbations within a 3-month period were excluded
throughout the study, and this led to significantly more patients being exclud-
ed from the placebo arm than the fluticasone arm of the study. The course of
lung function over the 3-year study is shown in Fig. 10.2 and was almost simi-
lar to that seen in the EUROSCOP study, except for the short effect of the oral
prednisolone. There was an overall reduction in the number of exacerbations
from 1.32 to 0.99 per year (P=0.03). Most significantly, the gradual loss in
health status was slowed down in the fluticasone group, from 3.2 units per
year in the placebo group to 2.0 units per year in the fluticasone group (P=
0.004). These findings may be linked, as exacerbations are associated with
loss of health status [16]. From preliminary reporting, it seems that the effect
of fluticasone on exacerbations was mainly seen in those with low FEV1,
which in the ISOLDE study was the tertile with FEV1 <1.25L and virtually ab-
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sent in the tertile with the best FEV1. In the recruitment phase, a number of
subjects were taken off ICS when entering the run-in period of the ISOLDE
study, an 8-week wash-out period in which eligible subjects were followed
without ICS. Thirty-eight percent of those taken off ICS experienced an exac-
erbation during the run-in, in contrast to only 6% of those entering run-in
without previous treatment with ICS [17]. These findings have subsequently
been confirmed in an American study in which withdrawal of inhaled steroids
was associated with worsening of dyspnoea and a drop in FEV1 [18].

Finally, the results of the Lung Health Study II have been published, to
some extent confirming the findings of the previous studies [19]. Whereas
Lung Health Study I [20] included both smoking cessation and usual care with
or without an inhaled anticholinergic, Lung Health Study II (LHSII) was a
pure controlled trial of inhaled triamcinolone. A total of 1116 patients with
mild to moderate COPD were randomized in this multicentre trial, including
10 clinical centres in the USA and Canada. As in the previous studies, no effect
of inhaled steroids was seen on FEV1 decline; FEV1 decline was 47±3mL/year
in the placebo group and 44±3mL/year in the triamcinolone group. Exacer-
bations were not a predefined end-point, but as in the ISOLDE study, an effect
was seen on effect parameters associated with exacerbations. Both hospital-
izations and unscheduled outpatient visits for respiratory causes were reduced
by approximately 50% in the triamcinolone group.

What else do we know?

If we look at studies using other outcomes than long-term change in lung func-
tion and exacerbations, a somewhat mixed picture emerges, and it is not obvi-
ous whether it helps us to clarify the position of ICS. Several short-term studies
have been published looking at the effect of ICS on various surrogate markers,
supposedly reflecting ongoing inflammation. Importantly, studies of cell types
and mediators from bronchoalveolar lavage fluid have shown clear differ-
ences between asthma and COPD [21,22], and the choice of inflammatory
markers is therefore crucial. It would be outside the scope of this chapter to
summarize findings in this area; some studies have been interpreted as 
showing an effect of ICS on relevant measures, whereas others have been in-
terpreted as negative.

Perhaps the most interesting findings come from a recent non-controlled
study from Canada. Sin and Tu [23] used a pharmacoepidemiological set-up
to study the effects of inhaled corticosteroids in elderly patients discharged
from hospital with a diagnosis of COPD. Their register linkage study included
more than 22000 patients, and they were able to show a statistically signifi-
cant 10% reduction in the 1-year risk of readmission or death. After control-
ling for markers of disease severity, the beneficial effect may be even larger, up
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to 25%. This study, which will inevitably be criticized for being uncontrolled,
may show the true impact of the reduction in exacerbations shown in ISOLDE
and LHSII. Its approach of looking at patients immediately after a hospitali-
zation for COPD may provide us with an insight into a more optimal time for
study inclusion than the one usually chosen [24].

Is there any point in reversibility testing?

Probably not. Data from the ISOLDE study presented at the 1999 American
Thoracic Society meeting did not indicate any predictive value of the response
to oral corticosteroids with regard to subsequent benefit from ICS. No other
studies have convincingly shown any predictive value from reversibility 
testing [25], and in general ‘reversibility’ is not a discriminatory feature, but
rather a characteristic with no obvious cut-off point, varying independently of
reversibility, e.g. bronchodilator reversibility [26].

Is there a subgroup who should be treated as having ‘asthma’, and if so, what
end points indicate success?

It seems that patients with ‘asthma-like’ features are more likely to show some
response to a short course of systemic corticosteroids [27]; corticosteroid 
response was associated with eosinophilia and higher levels of eosinophil
cationic protein (ECP) in bronchoalveolar lavage (BAL) fluid and thicker
basement membrane in bronchial biopsies. As mentioned above, however,
there is no evidence that this subgroup benefits from long-term treatment with
inhaled or oral corticosteroids.

Should steroids be restricted to current smokers only?

The EUROSCOP study has been the only study so far that exclusively recruit-
ed smokers. However, all other studies have included fair proportions of
smokers, and from subgroup analyses presented at meetings and informal dis-
cussions, the effect of inhaled steroids did not appear to differ between 
smokers and ex-smokers. If we draw on findings in asthma, it seems likely that
current smokers will actually respond less favourably to ICS than ex-smokers
[28].

What dose of inhaled steroids is justified in COPD, and with which device?

It is obvious from the above that far too few data exist for a satisfactory an-
swer to be given to this important question. In the studies described above,
doses were high in comparison with the doses generally used to treat asthma.
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No dosing studies exist, and it therefore seems reasonable to treat patients
with doses similar to those tested in the published trials if treatment with ICS
is found to be indicated. Doses should therefore approximate to 1mg of fluti-
casone per day, or equipotent doses of other inhaled corticosteroids. In the
two most positive studies [12,15], the ICS were administered in MDIs using a
spacer device. There are comparative studies with dry powder inhalers in 
asthma, but this is not the case in COPD. If a device other than an MDI plus 
spacer is used, it therefore seems crucial that a minimum inhalation technique
should be taught properly to ensure maximal effectiveness of the device 
chosen.

What are the risks of long-term inhaled steroid use?

In asthma, there is general agreement that the benefits of ICS clearly outweigh
the side effects and possible risks associated with long-term use [29]. As this
may not be the case in COPD, it is worthwhile to consider both side effects and
the potential risks associated with including ICS in the armamentarium of
drugs for COPD.

Local side effects such as oral candidiasis and hoarseness are quite fre-
quent, and systemic side effects are perhaps not as infrequent as is often be-
lieved in asthma. In EUROSCOP, an excess 6% developed bruises on the
forearms >5cm in diameter at least once during the trial [14], and although it
was firmly stated that no other systemic side effects were seen, bruises are
markers of systemic effects and it is likely that the study was underpowered to
detect more deleterious effects. In a subsample in EUROSCOP, no effects of
treatment with ICS were seen on bone mineral density, but as long-term treat-
ment will often be offered to patients with an unfavourable osteoporosis pro-
file (smoking, minimal physical activity and inappropriate nutrition), this
potential problem has not been solved. In fact, in LHSII an increased loss of
bone mineral density was found in the femoral neck, but not in the lumbar
spine, and this should indicate a need for caution. Wisniewski et al. [30]
showed an association between the cumulative dose of ICS and loss of bone
density, and two other studies have also increased awareness of the risk of
cataracts developing in elderly patients taking ICS [31,32].

Can it be cost-effective to give inhaled steroids in COPD?

First, treatment with ICS is costly. Treatment such as that used in ISOLDE
would in Denmark cost €760 (£480) per year. Based on the crude effects in
ISOLDE, it thus costs approximately £1440 to avoid one exacerbation. In a
subsequent analysis of data from the 6-month study by Paggiaro et al. [12], it
was claimed that inhaled fluticasone was cost-effective, and the differences
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were substantial with regard to costs per symptom-free day [33]. The results
have, however, only been presented in abstract form and are based on the very
positive 6-month study. With the lack of effect in the long-term studies in pa-
tients with mild to moderate COPD, it seems highly unlikely that ICS can be
cost-effective without proper selection of patients. More data are, neverthe-
less, clearly needed.

There is no doubt that exacerbations are costly, especially when requiring
hospitalization in patients with severe disease [34], but inferences from the
ISOLDE study are difficult to make at present, as no data on the frequency of
hospitalization in the ISOLDE study are available.

How then should inhaled corticosteroids be used in COPD?

First of all, it seems clear that not all COPD patients should be given ICS. As il-
lustrated in Fig. 10.3, there is no evidence of any disease-modifying effect; that
is, no effect on FEV1 decline has been observed. From the studies reported, pa-
tients with mild COPD have no benefit whatsoever from treatment with ICS.
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11: What are the future treatments 
for COPD?

Peter Barnes

Introduction

Anticholinergic and b2-agonist bronchodilators are the mainstay of drug 
therapy in chronic obstructive pulmonary disease (COPD), but other treat-
ments are also used and may have a place in particular patients. Inhaled corti-
costeroids are disappointing and have no effect on the accelerated decline in
lung function seen in COPD, although they may have a small effect in reducing
exacerbations. This chapter discusses some of the other treatments used for
COPD and considers some of the novel approaches to treatment that may be
used in the future.

Does theophylline have a role in COPD management?

Theophylline has been used for a long time in the management of COPD, but
has not been formally studied in large randomized controlled trials [1]. Theo-
phylline is used as a bronchodilator, with doses that give plasma concentra-
tions of 10–20mg/L. At these doses, theophylline results in reduced symptoms
and a small improvement in lung function and exercise capacity [2,3]. In one
study, theophylline improved dyspnoea by a reduction in hyperinflation, with-
out significant changes in spirometry [4]. This may indicate an effect of the
orally administered drug on small-airway function. Whether theophylline im-
proves respiratory muscle function in patients with COPD is controversial,
and there is little evidence that respiratory muscle weakness contributes to
symptomatology in the chronic stable state.

There is increasing evidence that theophylline may have anti-
inflammatory or immunomodulatory effects in asthma, and that these may be
seen at lower doses than needed for bronchodilatation [5,6] (Fig. 11.1). The
molecular basis for these effects is still uncertain, although some effects are
mediated via a non-selective inhibition of phosphodiesterases (PDE) in in-
flammatory and immune cells. This has not yet been explored in COPD. In a
recent study, theophylline (mean plasma level approximately 10mg/L) was
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shown to decrease the proportion of neutrophils and the concentration of
myeloperoxidase, an index of neutrophil activation, in induced sputum of 
patients with COPD [7]. This effect may be mediated by an inhibitory effect 
of theophylline on PDE4, the predominant PDE in neutrophils. However, 
the antiinflammatory effect of theophylline may be mediated by some other 
molecular mechanism, since the inhibitory effect on PDE activity is very small
at these concentrations of theophylline. Interestingly, recent studies have
demonstrated that therapeutic concentrations of theophylline decrease neu-
trophil survival in vitro, whereas PDE4 inhibitors have the reverse effect [8].
An additional mechanism that might contribute to a beneficial effect of 
theophylline in COPD is an increase in interleukin-10 (IL-10) release, as 
has been demonstrated in asthmatic patients [9]. IL-10 is a potent anti-
inflammatory cytokine that inhibits the release of inflammatory cytokines
such as tumour necrosis factor-a (TNF-a) and IL-8, as well as increasing the
expression of antiproteases. These studies suggest that theophylline might
have an anti-inflammatory effect in COPD and that it may theoretically re-
duce the decline in lung function. However, it is unlikely that the necessary
long-term randomized controlled trial will be conducted, as these drugs are
cheap and pharmaceutical companies may be unwilling to invest in such 
expensive studies.

Side effects have been the main problem in the clinical use of theophylline
in COPD patients. Side effects, particularly nausea, vomiting and headaches,
occur increasingly as plasma concentrations rise from 10 to 20mg/L and may
be commoner in elderly patients. Benefit may be obtained at concentrations
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Fig. 11.1 Mechanisms of action of theophylline in chronic obstructive pulmonary disease
(COPD).
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below 10mg/L, so that aiming for a therapeutic concentration of 5–10mg/L,
as in patients with asthma, may be adequate.

Overall, theophylline is a useful additional treatment for patients with
COPD, improving symptoms and lung function and may have the additional
benefit of reducing the inflammatory response. More long-term studies and
further investigation of its anti-inflammatory effect are now indicated.

What is the role of antileukotriene drugs in COPD?

There are no published studies on the effects of leukotriene receptor antago-
nists or 5¢-lipoxygenase inhibitors in COPD. There is evidence for increased
formation of leukotriene B4 (LTB4) in COPD patients [10], suggesting that 
inhibition of LTB4 synthesis by a 5¢-lipoxygenase inhibitor or blockage of
LTB4-receptors on neutrophils by a receptor antagonist may be of potential
benefit. Although a 5¢-lipoxygenase inhibitor, zileuton, is available for the
treatment of asthma in some countries, its effects in COPD have not yet been
reported. Several potent LTB4-receptor antagonists have now been developed
for clinical use and some are in clinical trial in COPD.

Cysteinyl-leukotrienes, as well as causing bronchoconstriction, also in-
duce plasma extravasation and increase mucus secretion. However, the effects
of cys-LT antagonists, such as montelukast ands zafirlukast, have not yet been
studied in COPD. The major source of these mediators in asthmatic patients
are likely to be mast cells and eosinophils, which are not likely to play an 
important role in the inflammatory process in COPD, so that there is less 
rationale for their use in COPD than in asthma.

Should mucolytics be used routinely?

Because mucus hypersecretion is a prominent feature of chronic bronchitis,
various mucolytic therapies have been used to increase the ease of mucus ex-
pectoration, in the belief that this will improve lung function. Stopping smok-
ing is the most effective way to reduce mucus hypersecretion. Anticholinergics
may decrease mucus hypersecretion, although most studies have failed to
show an effect of inhaled anticholinergics on mucociliary clearance. b2-
agonists and theophylline may improve mucus clearance. Steam inhalation
(with or without aromatics) may provide symptomatic relief, but there is no
evidence that it improves lung function or long-term symptom control.

Several drugs, such as N-acetylcysteine, carbocysteine, bromhexol and
ambroxol, reduce mucus viscosity in vitro, but there is little evidence from
controlled trials that they improve lung function in patients with COPD, and
cannot be recommended as routine therapy. A systematic review of random-
ized controlled trials has recently shown that mucolytics have a modest bene-
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fit on the frequency and duration of exacerbations in comparison with place-
bos, although there was a small but significant reduction in lung function [11].
The benefits could not entirely be explained by N-acetylcysteine, which is also
an antioxidant.

Expectorants, such as guanifeniesin and potassium iodide, similarly have
no proven beneficial effects. Recombinant human DNAase (alfadornase) has
beneficial effects in some patients with cystic fibrosis, but its role in COPD is
not yet clear. Until there is clear evidence of benefit in COPD, it should not be
used, in view of its high cost.

Do antioxidants have any activity in COPD?

Since oxidant damage may be critical in the pathophysiology of COPD, 
antioxidant therapy is a logical approach [12]. Reactive oxygen species may
be inhaled in cigarette smoke or generated by activated inflammatory cells
within the lung, leading to reduced activity of antiproteases, increased pro-
duction of inflammatory cytokines and direct inflammatory effects (Fig.
11.2). N-acetylcysteine was originally developed as a mucolytic, but has well
documented antioxidant effects. Controlled trials have demonstrated that it
reduces the frequency and severity of acute exacerbations of COPD [13], and
in an open study it significantly reduced the rate of decline in lung function
[14]. It may therefore be useful in long-term management of COPD, but is not
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Fig. 11.2 Oxidative stress in chronic obstructive pulmonary disease (COPD).
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currently available on prescription in the UK. Further trials are indicated in
patients with COPD who have more frequent exacerbations.

No studies with other antioxidants, such as vitamins C and E, have 
been reported in COPD. More effective antioxidants are now in development
and should undergo clinical trials in COPD. It is likely that antioxidants 
may reduce the inflammation and proteolysis of COPD, resulting in reduced 
exacerbations, improved symptom control and a slowing of disease 
progression.

Which vaccines are effective in COPD?

Polyvalent pneumococcal vaccine is used in many countries to protect against
the development of pneumococcal lung infections [15], but there is little evi-
dence that it is specifically beneficial in patients with COPD, and it therefore
cannot be routinely recommended.

Influenza vaccine is usually recommended, as patients with COPD are sub-
ject to severe exacerbations with this infection. Neuraminidase inhibitors,
such as inhaled zanamivir or oral oseltamivir, are now becoming available for
the treatment and prevention of influenza A and B infections [16]. However, it
has not yet been shown that they specifically reduce the duration of exacerba-
tions in patients with COPD, and they would only be of value during an 
influenza epidemic.

OM85-BV (Broncho-Vaxom) is a mixture of bacterial products that acti-
vate macrophage function (the advantage of which is obscure). There is some
evidence that it may reduce the severity of acute exacerbations, but it cannot
be recommended as a routine treatment [17].

Treatment of dyspnoea

Breathlessness is a problem in many patients, particularly ‘pink puffers’. Sev-
eral drugs, including nebulized opiates, dihydrocodeine and benzodiazepines,
reduce the sensation of dyspnoea, but the reduction in ventilatory drive is 
potentially dangerous and these drugs should be avoided, particularly during
exacerbations.

Respiratory stimulants

There is no role for respiratory stimulants, such as doxapram or almitrine, in
the long-term management of COPD, since there is no evidence that central
ventilatory drive is impaired. Ventilation is limited by mechanical rather than
neurophysiological factors.
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Which new drugs are in development?

There have been relatively few advances in the therapeutic options for the
treatment of COPD, but a better understanding of the molecular mechanisms
involved in the pathogenesis of COPD will undoubtedly lead to improved
therapies in the future [18,19]. COPD involves an active inflammatory
process and progressive destruction of the lungs, so that it should be possible
to develop drugs that are able to halt this process and prevent the accelerated
decline in lung function that characterizes the disease. Better understanding of
the cellular and molecular mechanisms involved in COPD has identified sev-
eral novel therapeutic targets (Fig. 11.3).

New bronchodilators

Bronchodilators are the mainstay of current management of COPD, and the
major recent advances have been in the development of long-acting bron-
chodilators. Tiotropium bromide is a very promising new anticholinergic
drug that has a very long duration of action. It has a high affinity and dissoci-
ates very slowly from M1 and M3-muscarinic receptors in the human lung, and
it produces long-term blockade of cholinergic neural bronchoconstriction in
human airway smooth muscle. However, its effects on acetylcholine release
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are short-lived, confirming functional selectivity for M3-receptors compared
to M2-receptors. In studies of patients with COPD, tiotropium bromide gives
prolonged bronchodilatation, lasting over 24h [20,21]. This suggests that
tiotropium bromide will be suitable for once-daily dosing, and it is now in 
advanced clinical trials as a once-daily dry powder inhalation.

Mediator antagonists

Several mediators are involved in the pathophysiology of COPD, and antago-
nists to individual mediators have now been developed or are in development.
LTB4 antagonists and 5¢-lipoxygenase inhibitors are discussed above. Several
cytokines are involved in the pathophysiology of COPD, including TNF-a
and IL-8 [22]. There are now several inhibitors of TNF-a, including mono-
clonal antibodies and soluble receptors, that have been developed for the
treatment of rheumatoid arthritis and inflammatory bowel disease, that might
be beneficial in COPD. IL-8, which is chemotactic for neutrophils, may be
blocked by receptor antagonists, such as the SB 225002, that may therefore 
reduce the neutrophilic inflammation in COPD airways.

New anti-inflammatory treatments

COPD is characterized by inflammation of the airways, with increased num-
bers of activated macrophages, neutrophils and CD8+ T lymphocytes. Corti-
costeroids are largely ineffective at suppressing this inflammatory process,
prompting the search for new anti-inflammatory drugs. There are several ap-
proaches to inhibiting neutrophilic inflammation (Table 11.1).

PDEs break down cyclic nucleotides (cyclic adenosine monophosphate,
cAMP and cyclic guanosine monophosphate, cGMP) which regulate cellular

Table 11.1 Inhibitors of neutrophilic inflammation.

• LTB4 antagonists (LY 29311, SC-53228, CP-105,696, SB 201146)
• Interleukin-8 inhibitors (IL-8 synthesis inhibitors, CXC receptor antagonists)
• Antioxidants (N-acetylcysteine, glutathione analogues, vitamins C and E, nitrones)
• TNF inhibitors (monoclonal antibodies, soluble receptors, TNF convertase inhibitors)
• Phosphodiesterase-4 inhibitors (SB 207499, CP 80633, CDP-840)
• NF-kB inhibitors (IkB kinase inhibitors, IkB-a gene transfer)
• Adhesion molecule inhibitors (anti CD11/CD18, anti-ICAM-1, E-selectin inhibitors)
• Prostaglandin E analogues (misoprostol, butaprost)
• Interleukin-10
• Colchicine
• Macrolide antibiotics (erythromycin, clarithromycin, roxithromycin)

ICAM-1, intercellular adhesion molecule-1; LTB4, leukotriene B4; NF-kB, nuclear factor-kB;
TNF, tumour necrosis factor.
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activity. Inhibition of these enzymes results in inhibition of inflammatory cells
and relaxation of smooth muscle. Over 10 families of PDEs are now recog-
nized, but the family most relevant to COPD inflammation is PDE4, since
PDE4 inhibitors inhibit neutrophilic inflammation, but also inhibit macro-
phage and T-lymphocyte function [23] (Fig. 11.4). PDE4 inhibitors also have
a bronchodilator action. A selective PDE4 inhibitor has recently been shown
improve lung function and symptoms in patients with COPD [24]. The dis-
advantage of PDE4 inhibitors is that they cause nausea and vomiting, but
more selective drugs have now been developed which are better tolerated.

The transcription factor nuclear factor-kB (NF-kB) is of critical impor-
tance for the persistence of chronic inflammation [25]. It regulates the synthe-
sis of IL-8 and TNF-a, as well as adhesion molecules such as intercellular
adhesion molecule-1 (ICAM-1), suggesting that NF-kB inhibitors might be
beneficial in COPD. Several approaches to inhibition of NF-kB are now in 
development, but there are concerns that effective inhibition of NF-kB might
impair host defence.

Neutrophil recruitment into the lungs and respiratory tract is dependent
on adhesion molecules expressed on neutrophils and endothelial cells in the
pulmonary and bronchial circulations. Neutrophil adhesion in response to
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chemotactic factors is characterized by expression of the b2 integrins
CD11a/CD18 (LFA-1) and CD11b/CD18 (Mac-1) on the surface of the 
neutrophil and their interaction with their counterreceptors, including inter-
cellular adhesion molecule-1 (ICAM-1), on endothelial cells. E-selectin on 
endothelial cells also interacts with sialyl-Lewisx on neutrophils. Bronchial
biopsies of patients with COPD have demonstrated increased expression of 
E-selectin on vessels and ICAM-1 on epithelial cells [26]. Drugs that interfere
with these adhesion molecules should therefore inhibit neutrophil inflamma-
tion in COPD and well tolerated selectin inhibitors have now been developed
for clinical studies. However, there are concerns about this therapeutic 
approach for a chronic disease, as an impaired neutrophilic response may 
increase the susceptibility to infections.

There is increasing recognition that mitogen-activated protein (MAP) 
kinases may play an important role in chronic inflammation. One MAP 
kinase, p38 MAP kinase is important in release of inflammatory mediators
such as TNF-a, and small molecule inhibitors of this enzyme have now 
been developed that might be useful in COPD if these drugs are well tolerated
[27].

Protease inhibitors

Emphysema may result from an imbalance between excessive protease activ-
ity and deficient endogenous antiproteases (Fig. 11.5, Table 11.2). A logical
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Fig. 11.5 Imbalance between proteases and antiproteases in chronic obstructive pulmonary
disease (COPD).



142 CHAPTER 11

approach to treatment is to inhibit endogenous proteases or to supplement 
endogenous antiproteases.

As neutrophil elastase is a major constituent of lung elastolytic activity and
also potently stimulates mucus secretion, it is a potential target for inhibition.
Several potent neutrophil elastase inhibitors have been developed, including
peptide inhibitors, such as ICI 200355, and non-peptide inhibitors, such as
ONO-5046. There are few clinical studies in COPD; the neutrophil elastase
inhibitor MR889 administered for 4weeks showed no overall effect on 
plasma elastin-derived peptides or urinary desmosine (markers of elastolytic
activity) [28]. It may be difficult to inhibit enzyme activity, as neutrophils 
adhere to connective tissue, so that access of the enzyme inhibitor may be a
problem. Intracellular inhibitors may be more effective.

Although neutrophil elastase is likely to be the major mechanism mediat-
ing elastolysis in patients with a1-antitrypsin (a1-AT) deficiency, it may well
not be the major elastolytic enzyme in smoking-related COPD, and it is 
important to consider other enzymes, such as cathepsins and proteinase-3, as
targets for inhibition.

Matrix metalloproteinases (MMPs) derived from macrophages, neu-
trophils and epithelial cells may also play a role in connective tissue destruc-
tion, suggesting that MMP inhibitors may be beneficial. Several MMPs are
increased in COPD and have the capacity to destroy lung elastin fibres. Sev-
eral MMP inhibitors are now in development, but non-selective inhibitors
have been associated with musculoskeletal side effects, so that more selective
drugs may be needed in the future.

The association of a1-AT deficiency with early onset emphysema sug-
gested that this endogenous inhibitor of neutrophil elastase may be of thera-
peutic benefit in COPD. Cigarette smoking may inactivate a1-AT, resulting in
unopposed activity of neutrophil elastase and cathepsins. Extraction of a1-AT
from human plasma is very expensive and extracted a1-antitrypsin is only
available in a few countries. This treatment has to be given intravenously and
has a half-life of only 5days. Human a1-AT has now been available for over 10
years, but even in patients with severe a1-AT deficiency and emphysema, there

Table 11.2 Protease inhibitors

• Neutrophil elastase inhibitors (ICI 200355, ONO-5046)
• Cathepsin inhibitors (suramin)
• Matrix metalloproteinase inhibitors (batimastat, marimastat, selective MMP inhibitors)
• a1-Antitrypsin (purified, human recombinant, gene transfer)
• Elafin
• Secretory leukoprotease inhibitor (human recombinant)

MMP, matrix metalloproteinase.
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is only a marginal effect on the rate of decline in forced expiratory volume in 
1s (FEV1) [29]. Inhaled a1-AT formulations, although these are inefficient and
expensive [30]. Recombinant a1-AT with amino acid substitutions to increase
stability may result in a more stable product. Gene therapy is another possibil-
ity using an adenovirus vector or liposomes, but there have been major prob-
lems in developing efficient delivery systems. There is a particular problem
with gene transfer in a1-AT deficiency, in that large amounts of protein (1–2g)
need to be synthesized each day. There is no evidence that a1-AT treatment
would halt the progression of COPD and emphysema in patients who have
normal plasma concentrations.

Other serum protease inhibitors (serpins), such as elafin, may also be 
important in counteracting elastolytic activity in the lung. Elafin, an elastase-
specific inhibitor is found in bronchoalveolar lavage and is synthesized by 
epithelial cells in response to inflammatory stimuli. Serpins may not be able 
to inhibit neutrophil elastase at the sites of elastin destruction, due to tight 
adherence of the inflammatory cell to connective tissue. Furthermore, these
proteins may become inactivated by the inflammatory process and the action
of oxidants, so that they may not be able to adequately counteract elastolytic
activity in the lung unless used in conjunction with other therapies. Secretory
leukoprotease inhibitor (SLPI) is a 12-kDa serpin that appears to be a major
inhibitor of elastase activity in the airways and is secreted by epithelial cells. 
In vitro, recombinant human SLPI is more effective at inhibiting neutrophil
mediated proteolysis than a1-AT [31]. Recombinant human SLPI given by
aerosolization increases antineutrophil elastase activity in epithelial lining
fluid for over 12h, indicating potential therapeutic use [32].

Drugs affecting remodelling

Since a major mechanism of airway obstruction in COPD is loss of elastic 
recoil due to proteolytic destruction of lung parenchyma, it seems unlikely
that this could be reversible by drug therapy, although it might be possible 
to reduce the rate of progression by preventing the inflammatory and enzy-
matic disease process.

Retinoic acid increases the number of alveoli in rats and, remarkably, 
reverses the histological and physiological changes induced by elastase treat-
ment [33]. It is not certain whether such alveolar proliferation is possible in
adult human lungs, however. Retinoic acid activates intracellular retinoic acid
receptors, which act as transcription factors to regulate the expression of
many genes. The molecular mechanisms involved and whether this can be 
extrapolated to humans is not yet known. Several retinoic acid receptor sub-
type agonists have now been developed that may have a greater selectivity for
this effect.
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Hepatic growth factor (scatter factor) appears to be a major growth factor
responsible for alveolar development, and alveolar cells respond to it during
lung development [34]. If responsiveness could be restored, this might be a
strategy for repairing damaged lung.

Monitoring the effects of therapy

Several drugs are now in development may be useful in COPD. These include
LTB4 antagonists and 5-lipoxygenase inhibitors, PDE4 inhibitors, new anti-
oxidants and neutrophil elastase and MMP inhibitors. It will be difficult to
demonstrate the efficacy of such treatments as determination of the effect of
any drug on the rate of decline in lung function will require large studies over
at least 2years. There is an urgent need to develop surrogate markers, such as
analysis of sputum parameters (cells, mediators, enzymes), that may predict
the clinical usefulness of such drugs.

Drug delivery in COPD

By analogy with asthma, a disease that affects all airways, it has been pre-
sumed that the inhaled route of delivery is preferred for the treatment of 
patients with COPD. However, the disease process in COPD is predomi-
nantly in small airways and in the lung parenchyma, which may not be effi-
ciently targeted by the inhalers designed to treat asthma. This may lead to the
development of new inhaler devices with particles that have the optimal distri-
bution for peripheral lung delivery. Furthermore, there is a strong argument in
favour of oral drug delivery, in order to target lung parenchyma. A further 
approach is to develop cell-directed therapies. For example, alveolar
macrophages appear to play a critical role in COPD and may be targeted by
drugs that are designed to be engulfed by these cells, using specially designed
liposomes or coated particles of drug. Much more research is needed to opti-
mize drug delivery in COPD patients.
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12: What is the role of rehabilitation 
in COPD?

Peter Wijkstra, Nick ten Hacken, Johan Wempe and 
Gerard Koeter

What are the basic elements in pulmonary rehabilitation?

Nowadays, the scientific foundations for pulmonary rehabilitation have been
clearly established, and rehabilitation programmes have therefore become 
an essential part of the management of patients with chronic obstructive 
pulmonary disease (COPD). This has led to a new statement by the American
Thoracic Society, in which they adopted the following definition: ‘Pulmonary
rehabilitation is a multidisciplinary programme of care for patients with
chronic respiratory impairment that is individually tailored and designed to
optimize physical and social performance and autonomy’ [1]. In common
practice, this means that pulmonary rehabilitation aims to reduce symptoms,
increase functional capacity and increase quality of life, with an awareness
and acceptance of the fact that the level of impairment may not be changed.
The term ‘impairment’ is derived from the World Health Organization
(WHO), which in 1980 structured the various aspects of chronic disease by in-
troducing the international classification of impairments, disabilities, and
handicaps [2]. This chapter explains how we can measure impairment, dis-
ability, and handicap in patients with COPD, and afterwards discusses sever-
al issues of pulmonary rehabilitation based on what is known in the literature.

According to the WHO, impairment is any loss or abnormality of psycho-
logical, physiological or anatomic structure or function [2]. In respiratory pa-
tients, we measure impairment mostly by lung function tests, including forced
expiratory volume in 1s (FEV1) the ratio FEV1/vital capacity (VC) and diffu-
sion capacity. Inspiratory and peripheral muscle function are related to symp-
toms and may therefore also be important parameters for assessing the level of
impairment. These measurements have become even more important, because
in contrast to irreversible airflow obstruction, they can be improved by ade-
quate training.

Disability is any restriction or lack (resulting from an impairment) of abil-
ity to perform an activity in the manner or within the range considered to be
normal for a human being [2]. As mentioned above, impaired lung function
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may lead to disability; however, the relation between the two is not very strong
[3,4]. Therefore, the level of disability has to be assessed directly by exercise
tests. These tests can be divided into two types: maximal exercise tests, 
usually performed on a bicycle ergometer, and submaximal tests such as walk-
ing tests for a given time or shuttle walking tests. These exercise tests are ob-
jective measurements, while disability is also a term used to describe the
patient’s feeling of the impact of COPD during his or her daily activities. A
number of measures of subjective feelings of disability are used in COPD,
which mostly include dyspnoea, such as the Borg ratio of perceived exertion
[5], Mahler’s dyspnoea index [6], the Medical Research Council (MRC) dysp-
noea scale [7], and the Oxygen Cost Diagram (OCD) [8]. Findings of low cor-
relations between spirometry, on the one hand, and objective and subjective
disability measurements on the other, may indicate a need to investigate 
disability directly both by exercise tests and subjective measurements.

Handicap is defined by the WHO as a disadvantage for a given indivi-
dual resulting from an impairment or disability that limits or prevents the 
fulfilment of a role that is normal (depending on age, gender and social and
cultural factors) for that individual [2]. It has been shown that impaired lung
function may result in an impaired quality of life [9–11], which can represent
the subjective experience of a handicap.

Interestingly, health-care use by COPD patients appears to be more related
to an impaired quality of life than to the severity of the lung disease itself [12].
Therefore, it is important to assess quality of life as an important aspect of a
chronic disease. Two general health measurements, the Quality of Well-Being
Scale [13] and the Sickness Impact Profile [14] have been used in COPD pa-
tients. As these instruments are not sensitive enough to detect small changes
[15] after therapy, Guyatt and co-workers developed the Chronic Respiratory
Questionnaire (CRQ) [16], a disease-specific questionnaire, which was found
to be sensitive in this respect. A disadvantage of the CRQ is that the question-
naire is not a standardized one, as the dimension ‘dyspnoea’ is strictly indivi-
dualized —i.e. every patient has to quantify dyspnoea during activities that are
important in their day-to-day life. This means that it is difficult to compare dif-
ferent studies by using the CRQ. For this reason, Jones and co-workers [15]
developed a standardized disease specific questionnaire, the St George’s 
Hospital Respiratory Questionnaire (SGRQ), which was found to be valid, 
repeatable, and sensitive. Neither the CRQ nor the SGRQ showed a strong 
relationship with lung function measurements or measurements of disability.
The shared variance between the change in the CRQ with changes in walking
distance was 27%, while the shared variance between CRQ and the MRC dys-
pnoea scale was only 10% [17]. The shared variance between the SGRQ, on
the one hand, and forced vital capacity (FVC) and 6-min walking distance on
the other, was 18% and 37%, respectively [15]. Therefore, it is not possible to
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predict the level of disability or quality of life for individual patients from their
lung function [15,17,18]. This may not be entirely surprising, since patients
may adapt to their disabilities and handicaps. Sometimes quality of life is sur-
prisingly well maintained despite severe impairments and disabilities. As a
consequence, one has to assess disability and quality of life directly.

By assessing all three aspects of a chronic disease —i.e. impairment, dis-
ability, and handicap —it is possible to focus on the specific problems of a pa-
tient and to determine which interventions in rehabilitation may be beneficial.

Which patients should be included in pulmonary
rehabilitation?

Pulmonary rehabilitation is indicated for patients with a respiratory impair-
ment who still are dyspnoeic despite optimal medical management, have re-
duced exercise tolerance, and have a handicap due to this pulmonary disorder.
This means that all patients with complaints due to pulmonary diseases might
be included in programmes. However, in this chapter we will focus on patients
with COPD only. In the recent position paper of the American Thoracic 
Society (ATS), some indications were given for referral for pulmonary rehabil-
itation (Table 12.1) [1]. The problem with these indications is that they are
general and therefore not easy to use in clinical practice. Only a few studies
have focused on assessing which patients with COPD are ideal candidates for
rehabilitation. Zu Wallack et al. included in their study patients with a mean
FEV1 of 1.0L, and offered them a rehabilitation programme consisting of 12
3-h sessions given over 6weeks [19]. The patients were supervised by a team
consisting of nurse, respiratory therapist, dietitian, physical therapist, and oc-
cupational therapist. The most important part of the programme was exercise
training (treadmill, bicycle training, upper extremity training, breathing exer-
cises). After 6weeks, the patients with the lowest 12-min walking distance
(12-MWD) and the best FEV1 at baseline showed the largest improvement in
walking distance (Fig. 12.1). The authors conclude that patients with less air-
flow obstruction can exercise on a higher workload, and thereby derive more

Anxiety engaging in activities
Breathlessness with activities
Limitations with:

Social activities
Leisure activities
Indoor and/or outdoor chores
Basic or instrumental activities of daily living

Loss of independence

Table 12.1 Common
indications for referral for
pulmonary rehabilitation [1].
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aerobic benefit from rehabilitation. This suggests that lung function might be
an important predictor of the outcome of rehabilitation. However, a study by
Maltais et al. showed contradictory results [20]. In this study, 42 patients with
a moderately severe airflow obstruction (mean FEV1 38% of predicted) 
received a 12-week endurance programme. The effects of training were 
compared in patients with a FEV1 <40% of predicted and FEV1 >40% of 
predicted. Percent changes in VO2max, Wmax, and VE were significant and of
similar magnitude in both groups. They concluded that a physiological 
training effect could be achieved even in patients with severe COPD.

Another way to identify ideal candidates is to look at whether some of the
underlying basic problems can be improved by rehabilitation. There is grow-
ing evidence that COPD patients have muscle weakness and that this is related
to exercise tolerance [21,22]. Pure strength training was found to be beneficial
in improving quality of life [23] and exercise tolerance [24] in these patients.
Therefore, it might be concluded that patients with impaired muscle function
are good candidates for rehabilitation, because it is possible to improve their
functional status by training their muscles. Finally, there is now also clear evi-
dence that rehabilitation improves quality of life and dyspnoea, suggesting
that patients with a poor quality of life and severe dyspnoea complaints are
good candidates too [25,26].

Unfortunately, only a few studies have been carried out to investigate pa-
tient profiles in order to characterize patients who are suitable for a rehabilita-
tion programme. Based on what we know at present, it seems that patients
with an impaired muscle function, decreased exercise tolerance, severe 
complaints of dyspnoea, and poor quality of life might be good candidates for
inclusion. However, all results are derived from groups of patients, and we do
not know how to interpret them in an individual patient. Moreover, although
we have the impression that motivation is a very important factor in this 
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respect, no data are available. Further prospective studies are therefore need-
ed to identify individuals who are good candidates.

In what setting can we organize rehabilitation?

Impaired health in patients with COPD is determined by several factors (Fig.
12.2) [27]. Figure 12.2 illustrates some of the elements linking lung disease to
impaired quality of life and shows that the pathways between them may be
complex. The task of a rehabilitation team is to unravel these links and to
structure the specific problems in an individual patient with COPD. A possible
strategy is to assess the three aspects of COPD —i.e. impairment, disability,
and handicap. This makes it possible to focus on the specific problems of the
patient, leading to the most effective type of intervention. This determines the
staffing and consequently the kind of setting for rehabilitation. A European
Respiratory Society (ERS) task force has recently published selection criteria
for three types of programme: in-patient; outpatient; and home rehabilitation
[28].

Several criteria for in-patient rehabilitation have been formulated:
1 Need for 24-h supervised monitoring management plan, including 
training.
2 Behavioural intervention to correct psychosocial problems.
3 Need for specific interventions, such as nutrition.
4 Pre- and postoperative rehabilitation programmes.
5 Identification of a need for long-term oxygen or long-term home 
mechanical ventilation.
6 Logistic reasons for outpatient rehabilitation not being possible, such as
distance.
These criteria mean that a patient who is largely disabled and who has a severe
handicap needs different types of intervention. On the other hand, a patient

Lung
disease

Muscle wasting

Exercise limitation

Breathlessness
Disability

Depression and anxiety
Personality and
environment

Fig. 12.2 Model of the
pathways involved in the
development of impaired
health or quality of life in
patients with chronic
obstructive pulmonary 
disease [27].
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who has undergone lung volume reduction surgery needs a very intensive
physical programme, which can only take place in an in-patient setting.

Specific criteria for outpatient rehabilitation include:
1 The patients are in a stable state.
2 They are capable of maintaining an independent lifestyle.
3 They have no major psychological problems.
4 They have no extrapulmonary disease.
The main goals here are to alleviate dyspnoea, increase exercise tolerance and
improve the quality of life. All targets can be achieved by exercise training, 
although other types of intervention are available in this setting when needed.

Inclusion criteria for home rehabilitation are, for example:
1 Newly diagnosed patients and those hospitalized for the first time .
2 Patients with recurrent exacerbations.
3 Patients who have previously received formal in-patient or outpatient 
rehabilitation.

When severe extrapulmonary disease and severe desaturation during 
exercise have been excluded, patients who meet the criteria for outpatient 
rehabilitation can also be included for home rehabilitation. Several studies 
have been published recently showing that rehabilitation in the home setting
may improve exercise tolerance, dyspnoea and quality of life [29–32]. Some
studies compared rehabilitation in the home setting with outpatient rehabili-
tation in different settings. Strijbos [32] et al. showed that after 12weeks 
of rehabilitation in the home setting, long-term benefits can be achieved 
for walking distance and maximal exercise capacity. In contrast, patients 
who carried out the same programme in an outpatient setting could not main-
tain the positive initial effects. Puente-Maestu et al. compared a high-intensity
training programme with frequent supervision in the outpatient setting 
with a low-intensity training programme (self-administered) in the home 
setting [33]. Patients who received supervised training in the outpatient 
setting showed a significantly higher VO2max in the incremental test and 
an increased endurance time in comparison with the self-administered 
group. However, no significant differences in the effect on the quality of life
were observed between the two groups. This suggests that high-intensity
training is necessary to increase VO2max and endurance capacity, while a low-
intensity, self-administered programme is necessary to enhance the quality of
life.

In summary, the complexity of the medical, psychological and social prob-
lems faced by a patient with COPD determines the staff needed for a rehabili-
tation programme and thus determines the appropriate setting. When the
situation is less complex and less equipment/intervention is needed, patients
can be trained both in an outpatient setting and at home.
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What are the short-term effects of pulmonary rehabilitation?

A number of randomized controlled trials have shown that rehabilitation
leads to short-term effects in patients with COPD [29,30,32,34]. In this chap-
ter, we consider studies with a duration of a maximum of 6months to be short-
term. Important in this respect is to interpret these results in the light of the
minimal clinically important difference (MCID). Looking at the MCID, it has
been shown that rehabilitation relieves dyspnoea and improves control over
COPD [35]. Although most rehabilitation studies do also report increased 
exercise tolerance, the value of this improvement is less clear (Fig. 12.3). In
contrast, Celli concluded on basis of a number of controlled randomized trials
that rehabilitation does improve exercise tolerance, dyspnoea and quality of
life [36].

Positive results have been shown in different settings. Goldstein et al. set up
a randomized controlled trial in which they assigned 89 patients (FEV1 35%
of predicted) to either an in-patient rehabilitation programme for 8weeks, 
followed by an outpatient programme of 16weeks, or to a conventional care
programme consisting of medication alone [34]. Patients in the rehabilitation
group showed an improved endurance capacity compared to the control
group. In addition, they found a decrease in dyspnoea, fewer complaints with
regard to emotional function and better control over the disease. Wijkstra 
et al. showed that patients after 12weeks of home rehabilitation (FEV1 44%
of predicted; n=30) had significantly better exercise tolerance, a better 
quality of life, and fewer dyspnoea complaints during exercise compared to
the controls [29]. It seems, therefore, that rehabilitation is equally successful
in different settings. One Dutch study is important in this respect. Strijbos et
al. compared home rehabilitation (n=15), outpatient rehabilitation (n=15)

–2 –1 0 1 2 3 4

Favours control Favours treatmentStudy

McGavin, 1977
Cockcroft, 1981
Booker, 1984
Jones, 1985
Lake, 1990
Simpson, 1992
Weiner, 1992
Goldstein, 1994
Wijkstra, 1994
Güell, 1995
Strijbos, 1996

Overall effect 0.6 (0.3–1.0)

Effect size SD units

Fig. 12.3 Effects of pulmonary rehabilitation in
different studies on functional exercise tolerance 
(6-min walking distance) in chronic obstructive
pulmonary disease patients. The effect size is shown
with standard deviation [34].
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and a control group (n=15) in COPD (FEV1 41% of predicted) [32]. Patients
received a 12-week programme consisting of visiting the physiotherapist
twice weekly either at the outpatient clinic (outpatient group) or in their home
town (home group). In addition, a nurse and a physician supervised the pa-
tients once a month. After 12weeks, improved exercise tolerance and de-
creased dyspnoea were observed in both rehabilitation groups compared to
the control group. In addition, both Dutch studies found a clinically relevant
improvement in health status after 12weeks of training. In contrast to the
studies by Wijkstra and Strijbos, Wedzicha et al. showed that health status did
not improve after home-based rehabilitation in patients with a FEV1 of 0.9L,
which is lower than in the above-mentioned studies [37]. In this study, the pa-
tients were stratified according to their disability assessed by the MRC dysp-
noea scale. The patients were randomized to receive outpatient rehabilitation
if their dyspnoea was graded 3–4. They received home rehabilitation if their
dyspnoea was graded as 5, meaning that they were too breathless to leave the
house. Sixty patients were randomly assigned to the outpatient group, 30 re-
ceived rehabilitation and 30 patients were included in the control group. An-
other 60 were included for home-based rehabilitation —i.e. 30 patients
received exercise training by a local physiotherapist, while 30 patients were
randomized to the control group. Patients receiving outpatient rehabilitation
significantly improved their exercise tolerance and health status, assessed
using the SGRQ, compared to the control group after 8weeks of training. 
Although it is debatable whether the training intensity in the home rehabilita-
tion group was high enough to achieve benefits, no significant improvements
were shown in this group. This is the only study that has stratified patients ac-
cording the severity of disability on the MRC dyspnoea scale, which makes
this study unique. The study shows that the level of disability may influence
the effects of rehabilitation, although it may be arguable whether these pa-
tients with complex problems (MRC dyspnoea scale 5) are the best candidates
for home-based rehabilitation. Such patients might be better candidates for in-
patient rehabilitation, as a multidisciplinary approach is needed. Still, the
study by Wedzicha raises an important point, which may be particularly help-
ful in developing strategies to find good candidates for adequate rehabilitation
in an appropriate setting.

What are the long-term effects?

Only a few studies are available investigating the long-term effects of pul-
monary rehabilitation. Recently, an uncontrolled Italian study investigated
the effects of an outpatient rehabilitation programme after 12months [38].
The study included both asthmatics (FEV1 64% of predicted) and COPD pa-
tients (FEV1 43% of predicted). Patients received three 3-h sessions per week
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for 8–10weeks, including exercise training, upper and lower limb exercises,
education and a nutritional programme. After 10weeks, exercise tolerance
and quality of life improved significantly in the COPD patients. However, only
the improvements in quality of life were still present after 1year. In contrast,
Strijbos et al. did show more positive effects after home-based rehabilitation
after 18months [32]. This controlled trial compared home-based rehabilita-
tion and outpatient rehabilitation with a control group. Patients received 
a programme of 12weeks consisting of visiting the physiotherapist twice
weekly either at the outpatient clinic (outpatient group) or in their own 
environment (home group). In addition, a nurse and a physician supervised
the patients once a month. After this period of 12weeks, no supervision was
given. After 18months, the home-based rehabilitation group showed a signif-
icantly improved maximal workload compared to the control group 
(Fig. 12.4), and a significantly improved walking distance compared to base-
line. Both groups showed a significant improvement in well-being after 18
months. Another Dutch study that investigated the long-term effects of reha-
bilitation at home showed that health status improved, but exercise tolerance
remained the same (Fig. 12.5) [39,40]. In contrast, exercise tolerance in 
the control group decreased significantly, whereas the health status remained
unchanged.

Recently, a very interesting study was published by Griffiths et al. Two
hundred patients with COPD, with a mean FEV1 of 0.9±0.4L, were ran-
domly assigned to a 6-week multidisciplinary outpatient rehabilitation pro-
gramme (18 visits) or standard medical management [41]. After 1year, there
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was no difference between the rehabilitation group (n=99) and the control
group (n=101) in the number of hospitalizations, but a significant difference
was found in the number of days spent in hospital (mean 10.4±9.7 vs. 20.7±
20.7; P=0.022). Compared with the control group, the rehabilitation group
also showed greater improvements in walking distance and in both general
and specific health status.

Another randomized controlled trial was conducted in patients with 
moderate to severe COPD (FEV1 35% of predicted) [42]. Thirty patients ran-
domized to rehabilitation received 3months of outpatient breathing retrain-
ing and chest physiotherapy, 3months of daily supervised exercise and 6
months of weekly supervised breathing exercises. Significant differences were
found between the groups in perception of dyspnoea, 6-minute walking dis-
tance, and day-to-day dyspnoea, fatigue and emotional function measured by
the Chronic Respiratory Questionnaire. The improvements were maintained
for a total period of 2years. In addition, the rehabilitation group experienced
a significant reduction in exacerbations.

At present only two studies have been published investigating the effects of
pulmonary rehabilitation after 5years. In the study by Ries et al., 119 patients
with COPD (FEV1 1.2L) were randomly assigned to either an 8-week com-
prehensive outpatient rehabilitation programme or an 8-week education pro-
gramme [43]. Rehabilitation consisted of 12 4-h sessions including education,
physical and respiratory care instruction, psychosocial support and super-
vised exercise training. Monthly supervision was given during the first year.
The education group received four 2-h sessions about education. After 2
months, maximal exercise tolerance, endurance capacity, perceived breath-
lessness, and muscle fatigue all improved significantly compared to the educa-
tion group. However, although these effects were still present after 1year, they
tended to diminish afterwards. A recently published abstract reported positive
effects 5years after home rehabilitation [44]. In this study, Strijbos et al. 
presented follow-up data from an earlier study [32] comparing home-based
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rehabilitation, outpatient rehabilitation, and a control group. After 5years,
the walking distance in the home rehabilitation group was still increased com-
pared to the control group.

In summary, there is now enough evidence that rehabilitation leads to
short-term benefits in quality of life, exercise tolerance and dyspnoea in pa-
tients with COPD. However, the long-term benefits are less clear. Home-based
rehabilitation may be an attractive approach for maintaining long-term bene-
fits, as the patients can incorporate what they learn into their daily lives more
easily [1]. On the other hand, some patients with severe disability and handi-
cap need a more multidisciplinary approach. These patients may be better
candidates for rehabilitation in a centre (in-patient or outpatient).

What are the essential components of 
pulmonary rehabilitation?

A comprehensive rehabilitation programme consists of different components.
The literature reports usually include the following elements: exercise train-
ing, specific limb training, respiratory muscle training, education, nutritional
therapy, and psychosocial intervention. While everybody has the feeling that a
multidisciplinary treatment is needed in some patients, there is no evidence yet
that all components of rehabilitation are equally effective in reducing the level
of disability or handicap.

Exercise training

Exercise training has been shown to be an effective element in several studies.
An important study in this respect was by Ries et al., comparing a comprehen-
sive rehabilitation programme, including exercise training, with an educa-
tional programme [43]. After 2months, the rehabilitation group showed
improved exercise tolerance, exercise endurance, perceived breathlessness,
and perceived muscle fatigue in comparison with the education group. Earlier,
Toshima and colleagues came to similar conclusions [45]. This is very impor-
tant, as it appears that exercise training can improve not only exercise toler-
ance but also dyspnoea, which is a important complaint in COPD.

Another issue is how patients with COPD should be trained. For a long
time, it was commonly thought that no real physiological training response
was possible in patients with COPD. A study by Casaburi et al. was very 
important in this respect. Exercise training at a high level of intensity (70%
maximal workload) improved the maximal and submaximal exercise ca-
pacity more than exercise training at a lower level (30% maximal workload)
[46]. The study also showed that a reduction in ventilation was significantly
related to a decrease in lactate. The drawback of this study was that the pa-
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tients only had moderate COPD (FEV1 54% of predicted). The study by Mal-
tais et al. is thus even more relevant, as it included patients with a FEV1 of 1.0
L [47]. The authors showed that a 12-week leg cycling test resulted in a signif-
icant decrease in ventilation and lactate at the same workload. In addition,
they showed that after training, the oxidative enzymes of the quadriceps mus-
cle were increased, suggesting a true physiological training benefit. From these
studies, it is known that patients with COPD can be trained in a physiological
way and that the effects are greater when the training intensity is higher. The
question is whether training continuously at a high level is of most benefit to a
patient with severe COPD, when in view of the fact that interval training 
resembles the daily activity pattern best. A recent study by Coppoolse et al.,
comparing continuous training with interval training, is interesting in this 
respect. Different physiological response patterns were shown, reflecting 
specific types of training in either oxidative or glycolytic pathways [48]. It is 
of interest to determine which type of exercise programme is beneficial to the
individual patient.

On the basis of the literature reports, the ATS adopted the following 
training strategy [1]: a rehabilitation programme should contain exercise
training for at least 4weeks, and patients should receive endurance training
for 20–30min three to five times a week at a level of 60% of the maximal
workload. However, not all patients can train at this high level. In these 
patients, interval training consisting of 2–3min at high intensity (60–80% of
the maximal workload), with equal periods of rest, might be an alternative
approach.

Limb training

The endurance training discussed above is mostly carried out using walking,
treadmill, and cycling exercises. Strength training of the lower limbs is an at-
tractive approach, because peripheral muscle weakness contributes to exer-
cise limitation in patients with COPD [21,22]. Two studies have investigated
this issue. Simpson et al. showed that specific strength training improved mus-
cle function by 16–40%, depending on the specific muscle that was trained
[23]. They also found an increased endurance capacity and an improved qual-
ity of life. Clark et al. showed that a programme of low-intensity leg and arm
exercises leads to an improved walking distance and demonstrated a physio-
logical training response by showing a reduced ventilatory equivalent for 
oxygen and carbon dioxide [24].

Upper limb training is now generally recommended as part of the rehabili-
tation programme [1]. The beneficial effects of this training are reflected in 
reduced metabolic and ventilatory requirements, leading to an increase in 
endurance capacity in arm exercises [49,50]. However, there is no conclusive
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evidence that upper limb training is beneficial in addition to exercise training
in improving functional status.

Inspiratory muscle training

Inspiratory muscle function may be impaired in patients with COPD, which
may lead to dyspnoea [51], impaired exercise tolerance [23] and hypercapnia
[52]. Several studies have therefore investigated the effects of inspiratory mus-
cle training (IMT) on these parameters. IMT is generally started at a specific
percentage of the maximal inspiratory pressure (PImax). The minimum load
for achieving a real training effect is 30% of the PImax, which can be increased
to 60–80%. Although most studies showed improved function of the inspira-
tory muscles after IMT [53–57], only a minority found a decrease in dyspnoea
[55] or an improvement in exercise tolerance [54]. The reasons for these dis-
appointing results might be an inadequate training protocol or not including
appropriate patients in the study [58]. Gosselink and Decramer suggested that
patients with ventilatory limitation might be ideal candidates [59]. In contrast
to this, both Larson et al. [60] and Sanchez Riera et al. [61] recently showed
positive results of IMT on both dyspnoea and exercise performance in patients
with COPD in whom a ventilatory limitation was not established.

In summary, there is at present no strong evidence that IMT is beneficial in
all patients with COPD. It might be beneficial in a specific group of patients
with a ventilatory limitation. To further clarify the role of IMT in a rehabilita-
tion programme, more needs to be known about the optimal candidates and
how these patients should be trained.

Education

All rehabilitation programmes include education as an important component.
Important topics normally addressed in educational programmes are: the
anatomy and physiology of the lung, breathing strategies, medication, self-
management skills, psychological factors (coping, anxiety, panic control), and
smoking cessation [1]. Education may improve patients’ active participation
in a programme, improve understanding of the disease, and help patients and
their family members to cope with the disabilities and handicaps due to the
pulmonary disease [1]. However, no clear evidence has so far been found for
the effects of education alone. Two studies, mentioned above, did not show
any change in exercise tolerance or symptoms with education alone [43,45].
However, in these studies the education groups served mostly as control group
in a trial of more comprehensive rehabilitation. At present, there has only been
one randomized and controlled study comparing education sessions with
written material only [62]. The authors found that the education sessions 
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significantly improved the domains of social disability and knowledge of
COPD. However, neither exercise parameters nor health-related quality of life
were measured in this study.

Thus, although it is widely assumed that education is beneficial in rehabi-
litation, the influence of education as a sole component has not clearly been
demonstrated. A possible explanation for these disappointing results is that
sensitive tools are not available for measuring the effects of pure education 
adequately. It might be interesting to investigate whether education is effective
as an adjunct to exercise training when such tools have been developed.

Nutrition

Weight loss is an important issue in patients with COPD. About 20–30% of
COPD patients are underweight [63]. In addition, although some patients
have normal weight, they may have a low fat-free mass (FFM) [64]. FFM and
body weight are very important, as it has been shown that these are related to
survival and exercise capacity [64,65]. Nutritional support was found to be
beneficial in patients with COPD in improving respiratory and peripheral
muscle strength, as well as improving exercise tolerance. In a large trial, Schols
et al. investigated the physiological effects of daily nutritional supplements,
alone or in combination with anabolic steroids, as an integrated part of a re-
habilitation programme [66]. Treatment with exercise and nutrition resulted
in increased weight, fat-free mass and PImax. Another finding in this study was
that not all patients responded to therapy —i.e. some did not gain weight or
improve their respiratory muscle strength. It appeared that weight gain and 
increase in PImax were related to improved survival. Cox regression analysis
showed that weight gain and body mass index were significant predictors of
survival (Fig. 12.6) [67]. In the recent ATS statement, it was therefore con-
cluded that nutritional supplementation should be considered for patients
with COPD suffering from involuntary weight loss and for all depleted pa-
tients. It is recommended to give oral or enteral protein and caloric support 
to achieve a positive energy balance, in combination with exercise as an 
anabolic stimulus to enhance FFM. The reason for the failure to respond to
nutrition is not clear, but some hypermetabolic patients showed elevated lev-
els of acute-phase proteins, suggesting that systemic inflammation is responsi-
ble for tissue depletion [68]. If this hypothesis is correct, it means that caloric
support alone is not sufficient to increase weight and FFM.

Psychosocial intervention

Psychosocial intervention is mostly needed in a rehabilitation programme
when there are problems such as anxiety, depression and difficulties in coping
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with the chronic disease. Intervention can be given in the form of a regular 
education session, on an individual basis or in a group. The effectiveness of
this type of intervention is not clearly established. Ries et al. found no signifi-
cant changes in depression after outpatient rehabilitation, although the self-
assessed efficacy for walking distance improved [43]. In contrast, Dekhuijzen
et al. showed a beneficial effect on anxiety and depression [69]. These studies,
however, used different outcome measures, so that it is difficult to draw con-
clusions. At present, although it is assumed that psychological interventions
are needed in some patients, there is no convincing evidence in the literature
that this is beneficial.

What are the effects of pulmonary rehabilitation on 
health-care costs and survival?

The costs of caring for patients with COPD are extremely high in comparison
with those with asthma, mostly due to the high costs of hospitalization and
chronic oxygen therapy in patients with COPD. It is therefore important to
look very carefully at all treatments that might reduce the number and dura-
tion of hospitalizations. Several uncontrolled trials suggest that pulmonary re-
habilitation is effective in decreasing the number of hospital days and number
of hospitalizations [70–72]. Hudson et al. followed up 64 patients for 4years
[70]. They showed that for the 44 patients who were alive after 4years, the
total number of days of hospitalization decreased from 529 in the year prior to
the study to 207 in the last year of the study. Recently, an Italian uncontrolled
study also showed a significant reduction in the number of hospitalizations
compared to the period before rehabilitation started [38]. However, these 
positive effects have not yet been confirmed in controlled studies. The most
important study in this respect is by Ries et al. [43]. Patients received either an
8-week comprehensive outpatient rehabilitation programme or an 8-week 
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education programme. During the first year, the patients were supervised once
a month. The study showed that the rehabilitation group tended to have fewer
hospitalization days after rehabilitation compared to the education group,
but the difference did not reach significance (P=0.2). Also, there was no dif-
ference in the survival between the two groups (Fig. 12.7).

Recently, Griffiths et al. investigated the difference in mean costs and in
quality-adjusted life years (QALYs) of 12months of care after either a 6-week
outpatient multidisciplinary programme or standard medical treatment [73].
They showed that the programme resulted in an increase in the mean number
of QALYs of 0.03 per patient (P=0.03). Their conclusion was that the 
programme was cost-effective and even more effective in comparison with 
the programme used by Goldstein et al. [74], which incorporated a substantial
period of in-patient care.

There have also been a few studies carrying out cost–benefit analyses of
home-based rehabilitation. Campbell-Haggerty et al. [72] included 20 pa-
tients with a mean FEV1 of 700mL in a so-called ‘respi-care’ programme,
which was coordinated by a hospital-based pulmonary nurse specialist, ad-
vised by a pulmonologist. The ‘respi-care’ service included nursing visits every
week and respiratory therapy and social service every 2weeks. The mean 
time that the patients participated in the study was 19months (range 6–37
months). Each subject was matched for an equal length of time before entering
the programme. The ‘respi-care’ programme resulted in a significant decrease
in hospital days and emergency room visits and a reduction in costs of $328
per patient per month. These results were supported by the study by Roselle et
al. [75], who included 418 patients with COPD in a programme consisting of
home visits by a professional nurse at a minimum of once every 30days. The
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patients were also visited by a respiratory therapist, as determined by the 
patient’s needs. Compared to the period before the patients entered the 
programme, there was a significant decrease in the length of hospital stay
(from 18.3days to 6.1days), resulting in cost savings of $2625 per patient for
1year. In our own study [39], we retrospectively examined the costs of a home
programme and compared them with the costs of an outpatient programme.
The costs of a home programme, with a local physiotherapist visiting once a
week for 18months, were 50% lower compared to a once-weekly visit to the
outpatient clinic ($2300 versus $4250 per patient for 18months). The differ-
ence was mainly due to the costs for the patients of travelling to the hospital for
the outpatient programme.

What are the conclusive effects of rehabilitation and what
questions remain?

Although there is no ideal candidate for rehabilitation, it seems that patients
with impaired muscle function, decreased exercise tolerance, severe com-
plaints of dyspnoea, and a poor quality of life may be good candidates for in-
clusion. Based on the level of disability and handicap, the patients must receive
an individually tailored programme, supervised by the staff they need. The
complexity of medical and psychosocial factors determines the appropriate
setting for rehabilitation —in-patient, outpatient, or home-based.

There is now conclusive evidence that rehabilitation is effective in improv-
ing dyspnoea, exercise tolerance, and quality of life. However, these positive
effects are generally not maintained for a long period. More attention there-
fore needs to be given to long-term adherence to rehabilitation measures. 
Although some deterioration is certainly due to the progress of the disease, the
question is whether this process can be stopped with maintenance exercise
programmes.

Exercise training is the cornerstone of any type of rehabilitation pro-
gramme. Although it can be assumed that other components such as educa-
tion and nutrition are probably beneficial, scientific evidence for this is
lacking. Further investigations should focus on the additional aspects of 
education, breathing retraining, psychosocial interventions, nutrition and
specific muscle training.

COPD patients with severe respiratory insufficiency can sometimes not be
trained adequately. These patients might benefit from giving the muscles some
rest during the night with non-invasive positive-pressure ventilation (NIPPV).
The results so far have not been encouraging, but in a selected group of 
patients —i.e. those with increasing hypercapnia during the night —beneficial
effects have been found.

Some studies have suggested that rehabilitation is cost-effective and that



164 CHAPTER 12

1 American Thoracic Society. Pulmonary
rehabilitation: 1999. Am J Respir Crit
Care Med 1999; 159: 1666–82.

2 World Health Organization. The
International Classification of
Impairments, Disabilities and Handicaps.
Geneva: WHO, 1980.

3 Wijkstra PJ, Tenvergert EM, van der Mark
TW etal. Relation of lung function,
maximal inspiratory pressure, dyspnoea,
and quality of life with exercise capacity in
patients with chronic obstructive
pulmonary disease. Thorax 1994; 49:
468–72.

4 Swinburn CR, Wakefield JM, Jones PW.
Performance, ventilation and oxygen
consumption in three different types of
exercise tests in patients with chronic lung
disease. Thorax 1985; 40: 581–6.

5 Borg G. Psychophysical bases of perceived
exertion. Med Sci Sports Exerc 1982; 5:
377–81.

6 Mahler DA, Weinberg DH, Wells CK,
Feinstein AR. The measurement of
dyspnea: contents, interobserver
correlates of two new clinical indices.
Chest 1985; 85: 751–8.

7 O’Reilly JF, Shaylor JM, Fromings KM,
Harrison BDW. The use of the 12 minute
walking test in assessing the effect of oral
steroid therapy in patients with chronic
airways obstruction. Br J Dis Chest 1982;
76: 374–82.

8 McGavin CR, Artvinli M, Naoe H,
McHardy GJR. Dyspnea, disability and
distance walked: comparison of estimates
of exercise performance in respiratory
disease. BMJ 1978; 2: 241–3.

9 McSweeny AJ, Grant I, Heaton RK,
Adams KM, Timms RM. Life quality of

patients with chronic obstructive
pulmonary disease. Arch Intern Med
1982; 142: 473–8.

10 Prigatano GP, Wright EC, Levin D.
Quality of life and its predictors in
patients with mild hypoxemia and chronic
obstructive pulmonary disease. Arch
Intern Med 1984; 144: 1613–19.

11 Schrier AC, Dekker FW, Kaptein AA,
Dijkman JH. Quality of life in elderly
patients with chronic non-specific lung
disease in family practice. Chest 1990; 98:
894–9.

12 Traver GA. Measures of symptoms and
quality of life to predict emergent use of
institutional health care resources in
chronic obstructive pulmonary disease.
Heart Lung 1988; 17: 689–97.

13 Kaplan RM, Atkins CJ, Timms R. Validity
of a well-being scale as an outcome
measure in chronic obstructive pulmonary
disease. J Chron Dis 1984; 37: 
85–95.

14 Bergner M, Bobbitt RA, Carter WB,
Gilson BS. The Sickness Impact Profile:
development and final revision of a health
status measure. Med Care 1981; 19:
787–805.

15 Jones PW, Quirk FH, Baveystock CM,
Littlejohns P. A self-complete measure of
health status for chronic airflow
limitation. Am Rev Respir Dis 1992; 145:
1321–7.

16 Guyatt GH, Berman LB, Townsend M,
Pugsley SO, Chambers LW. A measure of
quality of life for clinical trials in chronic
lung disease. Thorax 1987; 42: 773–8.

17 Guyatt GH, Townsend M, Pugsley SO 
etal. Measuring functional status in
chronic lung disease: conclusions from a

outpatient rehabilitation may be cheaper than in-patient programmes, but it is
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Finally, the primary goal of pulmonary rehabilitation is to optimize the 
patient’s social performance and autonomy, as stated in the definition at the
beginning of this chapter. This means that we must focus in further research 
on developing sensitive instruments that can measure changes in activities 
of daily living (ADL) after rehabilitation. Rehabilitation is beneficial for 
individual patients with severe COPD if their ADL can be increased, thereby
improving their level of independence.
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13: Oxygen therapy —is it possible to
prescribe rationally and objectively?

Louise Restrick

Background

Oxygen therapy, when prescribed rationally, is an extremely important and 
effective intervention in chronic obstructive pulmonary disease (COPD). It is
the only treatment, apart from stopping smoking, that reduces mortality. It is
imperative that patients with COPD who would benefit from oxygen therapy
are identified and treated. There are four principal situations in which oxygen
therapy is used in patients with COPD and hypoxaemia. These are:
• Acutely, during exacerbations
• Long-term oxygen therapy (LTOT)
• Short-burst therapy
• Ambulatory oxygen
The rationales for treatment, and hence the objectives of therapy, are different
in each of these situations. Each therefore needs to be considered separately.

Acute oxygen therapy in COPD

In the acute situation, the aim of oxygen prescription is to correct severe or 
life-threatening hypoxaemia, without causing unacceptable hypercapnia. 
The use of controlled oxygen therapy in acute severe exacerbations of COPD,
or pneumonia in COPD, is well established. For patients with hypercapnoeic
respiratory failure, it may be used with non-invasive ventilation and/or respi-
ratory stimulants to prevent dangerous hypercapnoea when the respiratory
drive is lost as hypoxaemia is corrected. As the focus of this chapter is on oxy-
gen therapy in the community, either as long-term regular treatment or as in-
termittent therapy, acute oxygen therapy in hospital will not be considered
further. However, patients’ and, sometimes, health-care professionals’ experi-
ences of acute oxygen therapy in hospital often determine expectations for
oxygen therapy in chronic stable situations where the objectives of treatment
are different and do not involve the correction of severe, life-threatening 
hypoxaemia.
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Long-term oxygen therapy

The rationale of long-term oxygen therapy (LTOT) for patients with COPD is
based on a theoretical desirability of correcting chronic hypoxaemia over the
long term, rather than on concern about acute hypoxaemia. Patients with 
severe COPD develop chronic hypoxaemia, which leads to pulmonary hyper-
tension, cor pulmonale, secondary polycythaemia and reduced survival. The
rationale for LTOT is to prevent or slow these complications of chronic 
hypoxaemia and improve survival. Two large randomized trials demon-
strated that LTOT does indeed improve survival in hypoxaemic patients with
COPD [1,2]. The aim of LTOT is to improve survival by the regular use of oxy-
gen for sufficient hours to prevent the complications of chronic hypoxaemia in
COPD. The aim of LTOT is commonly misunderstood; it is not to improve
breathlessness, nor for the majority of patients is it needed to correct life-
threatening hypoxaemia. A domiciliary oxygen concentrator is the most 
commonly used method for providing LTOT.

Short-burst therapy

Many patients with COPD also have oxygen cylinders, which they use for
short-burst therapy. The rationale for this treatment is symptomatic improve-
ment of episodes of breathlessness. Oxygen is used for short periods during
episodes of increased breathlessness, or before or after exercise.

Ambulatory oxygen therapy

This is oxygen carried by the patient, either as a lightweight cylinder of
gaseous oxygen, or a liquid oxygen cylinder, and used on exercise. The aim of
ambulatory oxygen therapy is to increase exercise tolerance and reduce
breathlessness on exercise. Its main purpose is not to increase the hours of use
of LTOT, nor to correct life-threatening hypoxaemia, although these may be
reasons for use in some patients.

Assessment and rational prescribing of LTOT, short-burst therapy, or am-
bulatory oxygen all need to be based on the different objectives for use in each
of these situations, where there is evidence to support the practice. The UK De-
partment of Health commissioned the Royal College of Physicians of London
to produce clinical guidelines and advice for prescribers in the UK on domicili-
ary oxygen therapy services in COPD and other diseases, which were pub-
lished in 1999 [3]. These comprehensive guidelines cover LTOT, short-burst
therapy and ambulatory therapy. The guidelines for LTOT, which are largely
evidence-based, have hardly changed since the original guidelines for the pre-
scription of domiciliary oxygen concentrators were introduced in 1985. In
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contrast, many of the recommendations —particularly relating to short-burst
therapy and ambulatory oxygen —are largely based on consensus expert 
opinion, as is acknowledged in the report.

Are the UK guidelines for prescription of LTOT correct?

The British Medical Research Council (MRC) study [1] and the American
Nocturnal Oxygen Therapy Trial (NOTT or NOT Trial) [2], published in the
early 1980s, demonstrated that oxygen for more than 15h per day improved
survival in hypoxaemic patients with severe COPD. This led to the original
definition of LTOT as ‘the provision of oxygen for 15h or more a day for a pro-
longed period’. Most patients using LTOT do not need to be on continuous
oxygen with the associated implications of restricted mobility, although sur-
vival with LTOT improves as the hours of daily use are increased from 15h to
20h [1,2]. However, there is a small group of patients with COPD who have
very severe chronic hypoxaemia, and in these patients oxygen, provided by a
concentrator (and cylinders), is used continuously in an attempt to correct 
life-threatening hypoxaemia as well as to prevent the complications of 
chronic hypoxaemia.

The recommended [3] indications for LTOT in COPD are that:
1 PaO2 is less than 7.3kPa (55mmHg); or
2 PaO2 is between 7.3kPa and 8kPa (55mmHg and 60mmHg), with:

(a) Secondary polycythaemia
(b) Peripheral oedema
(c) Pulmonary hypertension
(d) Nocturnal hypoxaemia.
The patient should be assessed when breathing air and clinically stable for

the previous 4weeks. These recommendations are mainly derived from the
MRC study of 87 patients and the NOT Trial involving 203 patients [1,2].
These landmark studies used different designs, but in neither was the patient
blinded to the treatment. This would have required a comparison with ‘sham’
oxygen, i.e. air, delivered to the patient, in comparison with oxygen. In the
MRC study [1], oxygen prescribed for at least 15h per day was compared with
a control group who did not have oxygen. Mortality over 5years was reduced
from 67% in the control group to 45% in the group treated with oxygen.
While the treated group was prescribed at least 15h of oxygen, actual use was
not measured. In the NOT Trial [2], nocturnal oxygen therapy was compared
with continuous oxygen therapy. Mortality was halved at 2years, from 44%
in the group receiving oxygen overnight to 22% in the group receiving con-
tinuous oxygen therapy. Mean oxygen use in the NOT Trial was 12h in the
nocturnal oxygen therapy group and 18h in the continuous oxygen use group
over an average period of 19months.
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Arterial oxygen tension (PaO2) less than 7.3kPa (55mmHg)

A PaO2 of up to 8kPa (60mmHg) was the entry criterion for PaO2 for the
MRC study [1]. The main entry criterion for PaO2 for the NOT Trial was a
PaO2 below 7.3kPa (55mmHg), although patients with a PaO2 of up to 8kPa
(60mmHg) were included if they also had oedema, secondary polycythaemia,
or significant pulmonary hypertension [2]. The mean PaO2 of patients enter-
ing both studies was 6.8kPa (51mmHg). The widely used cut-off PaO2 of 7.3
kPa (55mmHg) for the prescription of LTOT in guidelines therefore describes
the majority of patients entering these two studies in which LTOT improved
survival.

PaO2 between 7.3kPa and 8kPa (55mmHg and 60mmHg)

The range of PaO2 between 7.3 and 8kPa (55mmHg and 60mmHg) remains
a grey area. From the MRC and NOT Trial, it is not clear whether LTOT has a
beneficial effect on prognosis for these patients. This question was addressed
by a randomized controlled trial in 135 Polish patients with COPD [4]. These
patients had a PaO2 between 7.4kPa (55.5mmHg) and 8.7kPa (65.3mmHg),
with mean PaO2 8kPa (60mmHg). LTOT, over at least 3years, was not asso-
ciated with a survival benefit, and there was no difference in survival between
the patients with a PaO2 above or below 8kPa (60mmHg). However, the mean
daily use of oxygen was only 13.5h.

Patients with a PaO2 between 7.3kPa and 8kPa (55mmHg and 60mmHg)
and secondary polycythaemia, peripheral oedema, evidence of pulmonary 
hypertension or nocturnal hypoxaemia (defined as oxygen saturation (SaO2)
below 90% for at least 30% of the night [5]), are specifically recommended for
LTOT [3].

Secondary polycythaemia and peripheral oedema are relatively easy to de-
tect clinically and were features of the patients in the MRC study and the NOT
Trial [1,2]. This is not the case for either pulmonary hypertension or nocturnal
hypoxaemia. Patients with pulmonary hypertension were included in the
NOT Trial, but not in the MRC study. Pulmonary hypertension was defined
electrocardiographically by a 3-mm P pulmonale in leads II, III and aVF [2].
The diagnosis of pulmonary hypertension clinically is imprecise and is left at
the discretion of the clinician in the 1999 UK guidelines [3]. The majority of
patients with severe COPD and a PaO2 of less than 8kPa (60mmHg) will have
some pointers of pulmonary hypertension —for example, prominent pul-
monary arteries on their chest radiograph. Those clinicians wanting to pre-
scribe LTOT for patients with a PaO2 up to 8kPa (60mmHg) can therefore do
so within the guidelines, by choosing a lower threshold for making a clinical
diagnosis of pulmonary hypertension. However, there is no direct evidence for
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LTOT being of benefit in this group of patients with a clinical diagnosis of pul-
monary hypertension.

The specific criterion of nocturnal hypoxaemia with a PaO2 between 7.3
kPa and 8kPa (55mmHg and 60mmHg) for the provision of LTOT is more
controversial. Nocturnal hypoxaemia due to nocturnal hypoventilation is
well recognized in COPD and can lead to pulmonary hypertension [6,7].
There are two randomized controlled trials of nocturnal oxygen in patients
with COPD and nocturnal hypoxaemia [8,9]. However, in both studies, the
mean PaO2 at entry was above 8kPa (60mmHg). In the Fletcher et al. study of
seven patients treated with nocturnal oxygen and nine patients given sham
oxygen, with a mean PaO2 at entry of about 10kPa (75mmHg), there was no
effect of oxygen on mortality over 3years [8]. There were no significant differ-
ences in pulmonary artery pressure between the nocturnal oxygen and control
groups, either at the start or end of the study. However, at 3years there was a
small increase in pulmonary artery pressure in the untreated group and a small
reduction in pulmonary artery pressure in the group treated with nocturnal
oxygen; the change in pulmonary artery pressure was significantly different
between the groups.

In the second larger study of 76 patients with nocturnal desaturation, with
a mean PaO2 at entry of 8.4kPa (63mmHg), there was also no difference in
mortality at 2years between patients receiving nocturnal oxygen and those
who did not [9]. Nocturnal oxygen did not allow delay in the prescription of
LTOT and had no effect on pulmonary haemodynamics in this study. There
are no controlled trials of patients with nocturnal hypoxaemia and a daytime
PaO2 between 7.3kPa and 8kPa (55mmHg and 60mmHg). While LTOT may
prevent, delay, or reverse the progression of pulmonary hypertension [10],
this may not be of large enough benefit to translate into improved survival.
The main determinant of survival in COPD is the severity of airway obstruc-
tion, and the only measure that has an effect on progression of airway ob-
struction is smoking cessation.

The recommendation to prescribe LTOT for patients with moderate hy-
poxaemia —PaO2 between 7.3kPa and 8kPa (55mmHg and 60mmHg) —and
clinically determined pulmonary hypertension or nocturnal hypoxaemia is
therefore based on extrapolation of physiological data, rather than data
showing improved survival. This recommendation has service and cost impli-
cations that need to be taken into account.

The implication of including nocturnal hypoxaemia as a criterion for pre-
scribing LTOT in COPD is that patients with a daytime PaO2 between 7.3kPa
and 8kPa (55mmHg and 60mmHg) will have to be screened for nocturnal hy-
poxaemia with overnight oximetry. The prevalence of nocturnal hypoxaemia
in this group is high, and its severity is directly related to the severity of the day-
time hypoxaemia [7]. Nocturnal hypoxaemia was present in 43% of patients
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with a daytime PaO2 between 8kPa and 9.3kPa (60mmHg and 69.8mmHg)
[5]. The prevalence is likely to be even higher in those with a daytime PaO2

between 7.3kPa and 8kPa (55mmHg and 60mmHg). This will therefore 
require significant resources to implement.

A more cost-effective use of resources to improve prognosis in COPD is
likely to be screening for severe hypoxaemia in patients with severe COPD in
the community, so that all patients with a PaO2 less than 7.3kPa (55mmHg)
receive LTOT. It has been estimated that there may be 60000 individuals with
COPD in England and Wales who would meet the criteria for the prescription
of LTOT [11]. However, the numbers of patients on LTOT are much less than
the estimates [12]. Currently, there are approximately 20000 patients in the
UK with oxygen concentrators. Screening by oximetry in the community has
been shown to be effective in practice [13], and the benefit of LTOT for this
group of patients is proven. The Cochrane review [14] of LTOT for patients
with COPD and a PaO2 below 7.3kPa (55mmHg) calculated a number 
needed to treat (NNT) of 4.5 from the MRC study [1], i.e. treating five patients
with LTOT would save one life over 5years. Identifying and treating those 
patients with COPD who are not on LTOT and should be is a serious problem
that can and needs to be addressed as a high priority.

Patients with COPD and additional reasons for nocturnal hypoxaemia —
e.g. previous thoracoplasty, obstructive sleep apnoea —need to have formal
sleep studies performed, as oximetry is not sufficient to evaluate these patients
[15]. Nocturnal oxygen therapy may be prescribed with non-invasive ventila-
tion (NIV) or continuous positive airway pressure (CPAP) for some of these
patients.

Other criteria for prescription of LTOT

It is important that patients are assessed when they are clinically stable. The
gradual improvement in PaO2 after an acute exacerbation is well recognized
[1]. Nonetheless, in the UK significant numbers of prescriptions are still inap-
propriately initiated when the patient is unstable, often at the time of hospital
discharge. Of 176 patients on LTOT in London, 25% did not meet the criteria
for hypoxaemia [16]. Out of more than 500 Scottish patients on LTOT, 61%
were assessed when unstable and 33% were assessed as in-patients following
an exacerbation [17]. The pressure to start patients with COPD on LTOT at
the time of hospital discharge, when they are not yet stable, needs to be coun-
tered by raising awareness of the natural history of COPD and the rationale
for LTOT.

Both the original and 1999 UK guidelines recommend arterial blood gas
tensions should be measured on two occasions not less than three weeks apart
when the patient is stable. This guideline has not been followed for 15 years
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and needs examining critically. In one study only 6% of patients had arterial
blood gases repeated [17]. A bigger problem is that 15–25% of patients are
prescribed LTOT without arterial blood gases at all, let alone while stable
[16,17]. The appropriate focus should be on ensuring all patients are formally
assessed for LTOT, and that this is done with one set of arterial blood gas 
tensions measured when the patient meets the clinical definition of stability.
Clinical stability is defined as the absence of an exacerbation of COPD and of
peripheral oedema for the previous 4weeks [3]. It is unrealistic and unneces-
sary to insist on two sets of arterial blood gases, provided the patient is as-
sessed when clinically stable.

Guidelines also recommend that arterial blood gas tensions are repeated
after breathing oxygen for 30min to confirm that the PaO2 increases above 
8kPa (60mmHg). This is also poorly done in practice. It was only measured in
59% of patients in one study [17], and in another study follow-up oximetry on
oxygen showed undercorrection in 17% of patients [16]. As the aim of LTOT
is to improve survival, it is rational that there should be formal arrangements
for follow-up of these patients to ensure adequate correction of hypoxaemia,
optimize compliance, detect deterioration, and identify continuing require-
ment for LTOT. The majority of patients, 92–97%, are already under follow-
up [16,17], although more than 40% do not have arterial blood gases repeated
[17]. There are no randomized studies to indicate whether active follow-up
improves prognosis or reduces inappropriate use of LTOT. Currently, follow-
up is patchy, with no systematic arrangements in the UK, although this is 
improving as respiratory nurse specialists take on this role in many centres.

A further problem has been poor communication about patients on LTOT
between clinicians in the community and hospital [16]. The use of a register
for patients on LTOT with standardized forms providing a two-way flow of
information is one suggested way for improving this situation [3].

The benefits of LTOT are evidenced-based. Therefore it should be possible
for the prescription of LTOT to be rational and objective. We need to make
sure that patients with COPD are not missing out on the only treatment (apart
from stopping smoking) that reduces mortality.

All patients with severe COPD should be screened with oximetry. 
Those with a resting SaO2 of 92% or below need to have arterial blood gases
performed on one occasion when stable. If the PaO2 is below 7.3kPa 
(55mmHg), LTOT should be prescribed for as much time as possible in 24h,
but at least 15h. Patients with a PaO2 between 7.3 and 8kPa (55mmHg and 
60mmHg), and with secondary polycythaemia or peripheral oedema, should
also be prescribed LTOT. The evidence for treating patients with moderate 
hypoxaemia and pulmonary hypertension, or nocturnal hypoxaemia detected
by overnight screening oximetry, is not compelling, although such treatment is
recommended in the latest UK guidelines [3]. Patients on LTOT should have
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annual follow-up as a minimum and correction of hypoxaemia should 
be confirmed.

When is short-burst oxygen justified —if at all?

Short-burst oxygen therapy has been traditionally used for symptomatic relief
of breathlessness at rest, to preoxygenate before exercise and to alleviate
breathlessness after exercise. Although this pattern of use is widespread, the
evidence for its efficacy is limited. Assessing symptomatic improvement in
breathlessness is difficult and this pattern of use is often driven by patients’ re-
quests for an oxygen cylinder. In 1989, nearly 1million oxygen cylinders were
supplied to patients’ homes in England and Wales [12]. These 1360-L cylin-
ders last about 10h at 2L/min, but individual daily use has been shown to be
low [18].

A small randomized controlled trial showed that short-burst oxygen used
for 10min reduced breathlessness in patients with COPD and chronic 
hypoxaemia at rest [19]. However, there are no good data in patients who are
breathless at rest but not hypoxaemic. Oxygen given for 5 or 15min before 
exercise was found to be beneficial in one double-blind cross-over study in 10
patients with severe COPD [20]. These patients walked significantly further,
on both 6-min walking tests and treadmill walks, with a 10% increase in dis-
tance walked (20–30m improvement). Patients predosed with oxygen were
also less breathless on treadmill walking. The patients were all ‘pink puffers’,
with a mean PaO2 at rest of 9.7kPa (73mmHg), but saturation during exercise
was not measured. There is also one study of 18 patients with severe COPD,
known to have exercise-induced desaturation, demonstrating a beneficial ef-
fect of oxygen for 5min either before or after climbing stairs in reducing the
severity of breathlessness and desaturation [21]. However, when the patients
were asked their views, there was no significant preference for oxygen over air.
A further difficulty is that the effects of oxygen may not be reproducible with
time [22].

The recommendations in the 1999 UK guidelines acknowledge that the 
evidence for short-burst therapy is inadequate [3]. Oxygen is recommended
for episodic breathlessness not relieved by other treatments, with demonstra-
tion of improvements in breathlessness and/or exercise tolerance. A trial of 
5min of oxygen therapy either before or after exercise for patients with COPD
known to have exercise-induced desaturation, with continued short-burst
therapy if there is symptomatic benefit, is indicated on current evidence. How-
ever, education about oxygen therapy needs to include information on the 
situations, such as short-burst therapy, where benefit is small or has not been
demonstrated, so that prescribing of short-burst oxygen therapy is kept to a
minimum and for clearly defined reasons.
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Is ambulatory oxygen a viable option and if so how should the
oxygen be made available?

Ambulatory oxygen is the provision of oxygen therapy during exercise. The
main aims of ambulatory oxygen are to reduce effort-induced breathlessness
and increase exercise tolerance. With the increasing use of pulmonary rehabi-
litation, which has been shown to achieve both these aims for patients with
COPD, the role of ambulatory oxygen in training programmes also needs to
be defined.

The terms ambulatory oxygen and portable oxygen are often confused.
Ambulatory oxygen is carried by the patient, while portable oxygen is trans-
ported with the patient, but is not ‘on their person’. Portable oxygen includes
the smaller cylinders that can be carried on a wheelchair or transported by car
for severely hypoxaemic patients, who require continuous oxygen to correct
dangerous hypoxaemia, rather than to reduce breathlessness and improve
walking distances. As ambulatory oxygen needs to be used by mobile patients
outside the home, the practicalities of equipment are important.

Randomized controlled trials are essential to evaluate the effects of 
ambulatory oxygen because of the large placebo effect, the effect of training,
and variable individual responses. However, there are relatively few such stud-
ies. One study in 26 patients with severe COPD demonstrated that oxygen im-
proved endurance but not maximal work rate on a treadmill [23]. Ambulatory
oxygen resulted in a 13% increase in the distance walked during a 6-min 
walking test and reduced breathlessness on exercise in a randomized 
controlled study in 10 patients with severe COPD [20]. A further study of 50
patients confirmed that the increase in distance walked with ambulatory 
oxygen is around 10% when compared to an air cylinder [24]. However, 
the placebo effect alone of an ambulatory cylinder can be a 6–9% improve-
ment in the distance walked [24,25]. The mechanism for the beneficial 
effect of oxygen on exercise endurance is, at least in part, by reduction in
minute ventilation [26].

Predicting who will walk further with ambulatory oxygen is difficult, as
there is no direct relationship between reduction in breathlessness and im-
proved walking distance [20,24,25]. In part, this is explained by the observa-
tion that ambulatory oxygen reduces the severity of breathlessness for a given
level of exercise [26].

Patients with COPD who desaturate on exercise as a group tend to im-
prove their distance walked with ambulatory oxygen [24,27]. The 1999 UK
guidelines recommend that only patients who show arterial oxygen desatura-
tion on exercise of at least 4% below 90% during a baseline walking test
breathing air should be assessed for ambulatory oxygen [3]. In one study of 20
patients with COPD who desaturated on exercise, the 6-min distance walked
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improved by 22% and breathlessness decreased by 36% with ambulatory
oxygen, compared to patients who did not desaturate, in whom breathlessness
was also reduced (by 47%) but there was no effect on the distance walked [27].
However, the situation is more complex, in that only a proportion of patients
who desaturate on exercise will show reduced breathlessness and/or extended
walking distances on ambulatory oxygen, and some patients who do not de-
saturate on exercise will improve with ambulatory oxygen [24,27]. Hence,
oxygen desaturation during exercise is not a reliable criterion for selection for
ambulatory oxygen.

Ambulatory oxygen should only be provided for patients who show an im-
provement of at least 10% in walking distance and/or visual analogue score
for breathlessness when walking with an oxygen cylinder compared with an
air cylinder. The proportion of patients who will fulfil the criteria for ambula-
tory oxygen using this protocol will vary, but was 58% in the original study
using these criteria [24].

The role of ambulatory oxygen during training, i.e. pulmonary rehabilita-
tion, remains unclear. The argument for using oxygen is that it improves out-
comes by allowing training at greater intensity; against is that training under
hypoxic conditions allows adaptation. One randomized, placebo-controlled
study of 25 patients with COPD (mean PaO2 8.5kPa/63.8mmHg) showed
that while ambulatory oxygen during pulmonary rehabilitation reduced
breathlessness at the end of rehabilitation, it had no effect on exercise toler-
ance or health status [28]. Furthermore, the group without oxygen increased
their exercise tolerance during pulmonary rehabilitation, with no ill effects
from significant desaturation during exercise (minimum SaO2 of 85%). This
small study suggests that the extra inconvenience of training with oxygen is
not justified [28].

Ambulatory oxygen is provided in the UK at present by small 
oxygen cylinders that can be carried (capacity 230L, weight 2.3kg). These
only deliver 80min of oxygen at 2L/min in practice [24] and are not currently
prescribable.

An alternative method of providing ambulatory oxygen is liquid oxygen,
allowing up to 8h oxygen from a lightweight cylinder. When full, this may
weigh 3.4kg, but the patient only needs to fill it for the required hours of use,
making it lighter than this in practice. A large tank of liquid oxygen is kept at
the patient’s home for refilling the cylinder and is replaced regularly (about
every 3weeks). In theory, liquid oxygen is a more practical way of delivering
ambulatory oxygen, although it is more expensive. One randomized study in
the UK comparing ambulatory oxygen provided by gaseous cylinders with
liquid oxygen cylinders found that the majority of patients preferred liquid
oxygen and used it more [29]. However, this study did not show a marked 
increase in the time patients spent away from home.
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Availability of the systems for provision of ambulatory oxygen partly de-
termines patterns of use in different countries. In the United States, liquid oxy-
gen is available and much more widely used, based on the criteria of exercise
desaturation alone. It is also used to increase the hours of use of LTOT in mo-
bile patients. A few patients with COPD, like many of those with pulmonary
fibrosis, require a higher flow rate on exercise to correct desaturation and in
these patients liquid oxygen may be the only practical solution, as ambulatory
gaseous cylinders only last about half an hour at 4L/min.

The equipment used to deliver oxygen from an ambulatory source is 
also important. Most patients use nasal cannulae. However, other systems
may be more efficient, including transtracheal oxygen catheters and oxygen-
conserving devices [30]. Transtracheal catheters reduce the dead space of the
upper airway, and once in place are a much less obtrusive method of oxygen
delivery. They are used in the United States, but have not become standard
practice in the UK, partly because of the reluctance to use an invasive proce-
dure to deliver oxygen and partly because of complications associated with
their use. Oxygen-conserving devices, including reservoirs and pulsed-flow
oxygen delivery systems, can be twice to seven times as economical on oxygen
use [30]. Studies comparing these different methods of delivering oxygen are
lacking.

The issues of efficacy, practicality and cost are closely intertwined when
evaluating the rational use of ambulatory oxygen. The case for liquid oxygen
is strongest for patients with pulmonary fibrosis who require high flow rates 
to correct exercise-induced oxygen desaturation. The theoretical advantages
of liquid oxygen for patients with COPD still need to be established in large
randomized controlled trials. The best method of delivery for ambulatory
oxygen during pulmonary rehabilitation needs to be defined, if found to be 
appropriate.

Evidence that ambulatory oxygen improves exercise tolerance in some pa-
tients with COPD is well established [20,24–27]. There is an urgent need for
ambulatory oxygen therapy in some form to be prescribable in the UK to ap-
propriate patients with COPD. Even being able to prescribe gaseous cylinders,
which are the cheaper alternative at present, would have a big impact on qual-
ity of life for many patients with COPD. It is not rational that large cylinders,
used for short-burst oxygen therapy, for which there is much less evidence of
benefit, are prescribable but that ambulatory oxygen, even when it has been
shown to benefit individual patients following assessment, is not.

Should oxygen therapy be prescribed to smokers?

Prescribing oxygen to patients who smoke is controversial. The two issues are
whether oxygen therapy is effective and whether it is safe. In the MRC study,
more than a quarter of the control subjects and more than half of the treated
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1 Long term domiciliary oxygen therapy 
in chronic hypoxic cor pulmonale
complicating chronic bronchitis and
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subjects were smokers [1], providing evidence that LTOT reduces mortality in
patients who smoke. From the safety point of view, an oxygen concentrator is
a low flow system with a lower risk of fire than a pressurized oxygen cylinder.
The UK guidelines suggest that LTOT should not be prescribed to patients
who continue to smoke. However, the evidence does not support this recom-
mendation. In practice, smoking is prevalent among patients on LTOT;
14–19% admitted to smoking in recent studies [16,17]. While every attempt
should be made at smoking cessation, patients who continue to smoke should
not be discriminated against. LTOT via a concentrator should be prescribed
for any patient with a PaO2 below 7.3kPa (55mmHg). In contrast, ambu-
latory oxygen and short-burst therapy, are usually provided by high-pressure
cylinders and there is a significant fire hazard associated with smoking; hence
they should not be prescribed for smokers.

Conclusions

We still have a long way to go towards the aim of rational and objective 
prescription of oxygen. We need further well-conducted randomized trials to
extend the 20-year-old results of the MRC and NOT Trials. A benefit of LTOT
in moderate hypoxaemia has not been shown. The role of ambulatory oxygen
therapy is starting to be defined, but large studies are needed, including studies
on its role in pulmonary rehabilitation. There is limited evidence for the use of
short-burst oxygen therapy. If used, it should be recommended for 5min 
before or after exercise in patients who desaturate on exercise and describe
symptomatic benefit with its use.

While we await evidence in these areas, there is much that can be done. The
evidence for survival benefit of LTOT is clear and guidelines are established,
yet prescription is woefully inadequate. We need to increase awareness of the
benefits of appropriate oxygen therapy and ensure evidence-based prescribing
by all clinicians who care for patients with severe COPD. The practicalities of
oxygen provision urgently need to be sorted out. Which equipment can be pre-
scribed needs to be put on a rational basis; in particular, ambulatory oxygen,
either as gaseous cylinders or liquid oxygen, should be prescribable for 
patients who have been formally assessed and found to benefit [3]. Oxygen
services need to be defined, organized and funded, including arrangements for
detecting hypoxaemic patients in the community, so that LTOT is provided for
those patients with severe COPD who could benefit from it.
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14: Chronic obstructive lung disease: what
is the role of surgery?

Thomas Waddell and Roger Goldstein

Introduction

Surgeons encounter patients with chronic obstructive pulmonary disease
(COPD) in a variety of contexts. For example, some patients develop mass 
lesions that require surgery to advance their diagnosis or management. 
In others, a spontaneous pneumothorax demands prompt surgical assistance.
These are standard surgical roles with which every thoracic surgeon and 
pulmonary specialist is familiar. In contrast, surgical contributions to the
management of end-stage emphysema have a long and fascinating history [1]. 
A number of once exciting procedures fell into disfavour for lack of evidence
of their efficacy among an extremely high-risk group of patients. Such 
procedures include costochondrectomy, phrenic nerve crush, pneumoperi-
toneum and resection of the carotid body. Other procedures, based on
sounder physiological principles, have enjoyed more success. In this chapter,
we will comment on the role of surgery in the management of COPD, 
with particular emphasis on approaches that remove or replace emphysema-
tous tissue. These include bullectomy, lung volume reduction and lung 
transplantation.

Why bullectomy?

Bullectomy for resection of compressive giant bullae is clearly beneficial, pro-
vided patients are selected carefully. Criteria for consideration of surgery in-
clude the presence of a localized giant bulla, defined as occupying more than
one-third of the hemithorax, in the presence of compression of the surround-
ing, relatively ‘normal’ lung. Whereas there has never been a randomized con-
trolled trial of bullectomy, early surgical case series reported favourable
experience with minimal mortality and functional improvement [2]. Laros 
et al. reported long-term results in 27 patients followed for 10years after sur-
gical resection [3]. They noted improvements in forced expiratory volume in 1
s (FEV1) when the bulla communicated with the bronchial tree. Resection of a
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closed bulla resulted in a larger increase in forced vital capacity (FVC). Older
patients with more advanced lung disease had significant palliation, with a
mean survival time of 7years. There were no recurrent bullae. The techniques
and indications for surgery for this relatively rare opportunity do not require
extensive discussion. Bullectomy is usually performed through a thoraco-
tomy, for a unilateral procedure, although recently video-assisted thoracic 
surgery (VATS) has been used. The operation is often simplified if several 
bullae are on one pedicle. Selection criteria vary from one-third to two-thirds
of the hemithoracic volume, provided that there is significant dyspnoea and
compression of the remaining lung. The boundary between a giant bulla and
heterogeneous diffuse emphysema can occasionally be difficult, but is increas-
ingly becoming only a semantic discrimination. Chronic bronchitis and 
hypercapnia remain important risk factors [4].

What are the options for patients with 
generalized emphysema?

Several overviews regarding the surgical management of COPD have recently
been published [5,6]. For patients with more generalized emphysema, resec-
tion of lung parenchyma improves elastic recoil and chest wall mechanics. 
Advances in preoperative diagnostic imaging, thoracic anaesthesia, surgical
technique and critical care have led to great interest in this area. As with resec-
tion of large bullae, lung volume reduction has specific indications and is not
appropriate for most patients with COPD. Transplantation of one or both
lungs provides the best restoration of pulmonary function. Unlike bullectomy
or volume reduction, transplantation is independent of the anatomic subtypes
of emphysema. However, transplantation has its own indications, limitations
and exclusion criteria that must be taken into account to identify those most
likely to benefit from this procedure.

What is the role of lung volume reduction surgery?

The role of lung volume reduction (LVR) in the management of end-stage em-
physema remains controversial. In carefully selected patients, surgery has
been associated with statistically significant improvements in lung volumes,
expiratory flow rates, exercise capacity and work of breathing [7–11]. It has
also been shown to improve subjective measures of dyspnoea and health-
related quality of life (HRQL) beyond that which could be achieved by pul-
monary rehabilitation alone [12]. In a randomized controlled trial of LVR sur-
gery among subjects with stable, severe COPD, surgery did not influence
survival compared with the control group. It is therefore considered primarily
for its potential benefit on quality of life. The duration of these improvements
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is unclear. Clinical trials will answer important issues such as duration, selec-
tion criteria, precise outcomes and best technique.

Several clinical trials have recently been published. In two of them, pa-
tients participated in a program of rehabilitation prior to being randomized to
receive surgery or continued medical treatment [13,14]. In a third, patients re-
ceived either rehabilitation or surgery [15]. In these three trials, only surgical
treatment significantly improved the FEV1. Improved exercise capacity oc-
curred after rehabilitation, with further improvements after LVR. Pompeo 
et al. noted a reduction in dyspnoea following surgery [15] and Geddes et al.
(Fig. 14.1) reported improvements in a generic measure of quality of life [13],
sustained for 12months. In the Geddes trial, high mortality in the surgical arm
was modified after the entry criteria were changed during the trial [13]. In the
Criner et al. trial, significance was only reached after the control group crossed
over to receive surgical management [14]. Other randomized trials currently
in progress will enable the effects of surgery on functional exercise capacity
and health-related quality of life to be compared with rehabilitation alone.
The largest ongoing trial is the US National Emphysema Treatment Trial,
which has so far only reported on high-risk patients. Last year, the group con-
ducting the trial cautioned that patients with an FEV1 below 20% predicted
and either a carbon monoxide diffusing capacity below 20% predicted or a
homogeneous distribution of emphysema were at high risk for death after sur-
gery. Those who did survive had only small changes in pulmonary function
and exercise capacity, with no improvements in their quality of well-being,
compared with medically treated patients [16].

Although LVR surgery was never intended as a life-sustaining or life-
extending procedure, it will be of importance to know whether it might im-
prove survival. Meyers et al. reported on a group of patients who were consid-
ered suitable for the procedure, but who did not undergo it as funding had 
been withheld by Medicare pending the results of controlled trials [17]. 
Compared to a similar group of patients who were funded for surgery, the sur-
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vival in the non-funded group was decreased. Brenner et al. [18] reported that
in patients who experienced an increase in FEV1 >0.56L, survival exceeded
95%, whereas survival was <80% for those with a lesser FEV1 response.
These inconclusive observations are interesting and suggest hypotheses for
further research.

How does LVR work?

Resection of highly compliant lung increases the elastic recoil of the remaining
lung. Airflow is increased, work of breathing is decreased and dyspnoea is 
improved [19]. These changes occur promptly following surgery [20]. The
correlation between improved lung mechanics, reduced dyspnoea and im-
proved health-related quality of life is weak. Brenner et al. [7] noted that al-
though 28% of the patients in their study had minimal improvements in FEV1,
many improved in their dyspnoea scores. Leyenson et al. also reported on the
poor correlations between quality of life, spirometry and dyspnoea [10]. For
some patients, improved ventilation–perfusion relationships after surgery
have resulted in improved oxygenation, to the extent that the patient no longer
required long-term oxygen therapy [12]. It has become clear that the improve-
ments in HRQL and functional exercise capacity following LVR must be 
distinguished from the improvements that occur after rehabilitation [12].

How should LVR be done?

The conceptual simplicity of the operation belies the reality. The operation is
best performed in specialized centres, as success is dependent on excellent
anaesthesia, perioperative analgesia, experienced nursing care and physical
therapy, given that the patients are very impaired. Although the operation was
first reported as a bilateral procedure via a median sternotomy [21], surgeons
quickly progressed to using a thoracoscopic approach, initially unilateral, or
staged bilateral procedures, but more recently as bilateral procedures. Direct
comparisons have suggested greater benefits following bilateral procedures
than following unilateral operations [11,22,23]. Our approach is to offer bi-
lateral volume reduction via a thoracoscopic approach. Patients with upper-
lobe predominance are placed in the supine position. Patients requiring
lower-lobe resection are placed in the lateral position, which requires turning
and redraping between sides. In the absence of a randomized trial comparing
median sternotomy with thoracoscopic volume reduction, clinical experience
is that VATS is associated with reduced morbidity, less pain, earlier mobiliza-
tion, a shorter hospital stay and a more rapid return to an exercise program
[24–26].

Preoperative rehabilitation is important. We therefore enroll all prospec-
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tive surgical candidates for at least 6weeks of supervised rehabilitation. Post-
operatively, we offer supervised rehabilitation for the more marginal patients,
but encourage a maintenance program for all patients. This ensures compli-
ance with good health-care habits.

Who should have lung volume reduction surgery?

Criteria for LVR surgery include stable patients with severe emphysema and
minimal bronchitis, hyperinflation with gas trapping at total lung capacity
and dyspnoea during activities of daily living. More specific criteria are sum-
marized in Table 14.1. We confirm emphysema by high-resolution computed
tomography (CT) —with blinded grading on a five-point scale by an experi-
enced radiologist —and identify heterogeneity both by CT and by ventila-
tion–perfusion scan. Ventilation curves are displayed separately for each zone
(upper middle and lower) on both sides. Perfusion (%) and the slope of the
xenon washout curve (visual) are helpful in identifying target zones.

Although patients with homogeneous disease will respond to LVR surgery
[27], patients in whom the distribution of emphysema is heterogeneous 
tend to experience greater improvements in postoperative FEV1 than those
with homogeneous disease. We therefore include heterogeneity among our 
selection criteria. Upper-lobe predominance appears to result in greater im-
provements than lower-lobe predominance [28], although patients with
lower-lobe disease (especially a1-antitrypsin-deficient patients) have derived
benefit from the procedure. Patients with the most preoperative hyperinfla-
tion appear to enjoy the greatest improvements in dyspnoea [7]. High inspira-
tory flow resistance has been associated with a limited benefit from LVR
surgery [29].

Table 14.1 Criteria for lung volume reduction surgery.

Inclusion criteria Exclusion criteria

‘Physiological’ age<75 ‘Physiological’ age >75
Class III or IV dyspnoea PaCO2 >55
Significant impairment of ADL Previous thoracic surgery on operable side
FEV1 15%-40% Steroid use 10mg/day or more
TLC >120% RVSP >50mmHg
RV >180% Significant CAD or left ventricular dysfunction
Destruction and distention on CXR and CT Exacerbation episodes requiring antibiotics 
Correlation between CT and V/Q scan more than three  times in the last 6months
re heterogeneous target zones Homogeneous disease

ADL, activities of daily living; CAD, coronary artery disease; CT, computed tomography; CXR,
chest X-ray; FEV1, forced expiratory volume in 1s; TLC, total lung capacity; RV, right ventricle;
RVSP, right ventricular systolic pressure.
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Who should not have lung volume reduction?

Previous lung surgery, extensive pleural adhesions, pulmonary hypertension,
hypercapnia and very severe impairments (FEV1 <0.4L) or disability (6-min
walk <250m) are the main exclusion criteria (Table 14.1). We also exclude in-
dividuals in whom the presence of associated medical conditions such as car-
diovascular disease, connective-tissue disease or severe osteoporosis might
compromise their mobility or quality of life. As with any experimental proce-
dure, clear guidelines are balanced by a careful patient assessment at a com-
bined end-stage emphysema clinic in which each patient is seen by a thoracic
surgeon and a respiratory specialist.

What is the role of lung transplantation?

Lung transplantation offers substantial palliation of dyspnoea and improved
quality of life, although it may not extend survival [30]. It is usually reserved
for patients with end-stage disease and severe dyspnoea despite maximal med-
ical management. Most candidates are seriously considered when their FEV1

falls below 20% of predicted. Single-lung transplantation (SLT) is the more
frequently performed procedure, although bilateral sequential transplanta-
tion offers superior functional results and may improve long-term survival
[31]. LVR may be offered prior to transplantation, or may be combined with
SLT.

Should lung transplantation be unilateral or bilateral?

The operative mortality for bilateral lung transplantation varies widely. One
transplant centre reported 30-day mortality rates of 10% for single-lung
transplantation and 22% for bilateral lung transplantation [32]. Additional
early mortality led to a very poor 1-year survival of only 35% after bilateral
lung transplantation, although in this report one-third of the bilateral lung
transplants were performed with the older en-bloc technique, which employs
a single tracheal anastomosis. In contrast, another transplant centre reported
excellent results following bilateral lung transplantation. The 60-day mortal-
ity was only 3.5%, as compared with 21.3% for single-lung transplants [33].
Divergent clinical experiences and multidisciplinary learning curves in-
evitably influence the selection of the procedure.

Actuarial 1-year survival rates of 93% for single-lung transplantation and
71% for bilateral lung transplantation have been reported [31]. Bilateral
transplantation resulted in greater improvements in FEV1 and FVC, although
the FEV1/FVC ratio, arterial blood gases and 6-min walk did not differ signif-
icantly between bilateral lung transplantation (BLT) and SLT. Functional
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equivalence between BLT and SLT has also been reported for exercise capaci-
ty, including measurements of dyspnoea at rest and during peak exercise [34].
Although SLT may provide sufficient pulmonary reserve to maintain normal
blood gases, should the graft deteriorate, single-lung recipients become im-
paired more rapidly than double-lung recipients. Therefore, the long-term
mortality appears to favour the bilateral procedure. Bilateral transplants can
be performed with marginal lungs that are not always suitable for SLT [35].
Our centre currently uses bilateral procedures for 80% of transplantations for
emphysema.

Who should have lung transplantation?

Candidates are required to be ambulatory and to have rehabilitation poten-
tial, as judged by their preoperative participation and progress in rehabilita-
tion. Adequate nutritional status (preoperative weight within 80–120% of
ideal body weight) is a prerequisite, as is a suitable psychosocial profile and
support system. The goal of the selection process is to identify patients in the
most appropriate risk category for whom current impairment, disability and
handicap or dismal life expectancy justify the risk of operation. Put another
way, patients must be severely compromised and deteriorating despite opti-
mal medical management. Generally accepted objective guidelines for pa-
tients with emphysema include: New York Heart Association functional class
III, FEV1 <20% of predicted, rapid decline in FEV1, hypoxia, and hypercapnia
[36]. Factors such as weight loss, frequent respiratory infections and repeated
hospitalization are also considered.

Who should not have lung transplantation?

Contraindications to lung transplantation are not specific to emphysema. Ab-
solute contraindications include current or recent malignancy, significant dis-
ease affecting other organ systems, extrapulmonary infection, substance
abuse and significant psychiatric illness. Relative contraindications are be-
coming less prohibitive with additional surgical experience. For example, 
previous thoracic surgery complicates but does not prohibit transplantation.
Moderate steroid usage is now considered acceptable. Combined coronary
bypass and lung transplantation is possible for highly selected recipients. Ven-
tilator dependence remains a contraindication, although a patient previously
listed for transplantation who develops respiratory failure requiring ventila-
tion will still be considered if a suitable organ becomes available soon after
mechanical ventilation is initiated.
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Do criteria for volume reduction and transplantation overlap?

Patients with COPD who met the criteria for lung transplantation have re-
ceived LVR surgery [37]. Post-hoc analysis suggested that improvements fol-
lowing volume reduction were equivalent to improvements seen among LVR
surgery patients who were not eligible for transplants (Fig. 14.2). At 6months,
FEV1 increased by 59% in the ‘transplant-eligible’ group, compared to a 79%
increase in the overall LVR surgery group. The 6-min walk test increased by
33% in ‘transplant-eligible’ subjects. This figure was intermediate between
28% for the overall group of LVR surgery patients and 47% for those who had
received single-lung transplantations. The actual walking distance was 449m
for ‘transplant-eligible’ LVR surgery patients and 461m post-SLT. Thus, al-
though the LVR patients had a smaller improvement in their FEV1 (0.55–0.87
L after LVR vs. 0.48–1.59L after SLT), the improvements in functional exer-
cise capacity were similar with the two procedures, without the risks or com-
plications of SLT such as rejection and immunosuppression.

What are the future directions?

The value of surgery for giant bullae is well established and without question.
Short-term randomized trials have demonstrated that LVR surgery is effective
in improving pulmonary mechanics, decreasing dyspnoea, increasing exercise
tolerance and improving quality of life. Longer-term studies will quantify the
duration of benefit, appropriate selection criteria and best techniques. Animal
models of emphysema [38] enable us to evaluate several potential endo-
bronchial techniques that might improve pulmonary mechanics and health-
related quality of life for patients with emphysema. This is likely to become an
area of very active research. Transplantation will continue to be an option for
a minority of patients with end-stage emphysema. More widespread use of
transplantation will depend on significant improvements in immunosuppres-
sion as well as an expansion of the donor pool. Until that time, the balance for
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15: What is an acute exacerbation of COPD?

Wisia Wedzicha

Exacerbations of chronic obstructive pulmonary disease (COPD) are an im-
portant cause of the considerable morbidity and mortality found in COPD
and an important cause of hospital admission [1]. Some patients are prone to
frequent exacerbations that have considerable impact on quality of life and 
activities of daily living [2]. COPD exacerbations are also associated with 
increased airway inflammatory changes [3] that are caused by a variety of fac-
tors such as viruses, bacteria and possibly common pollutants (Fig. 15.1).
COPD exacerbations are commoner in the winter months and thus are an im-
portant cause of hospital admission and pressures on hospital beds occurring
at that time [4].

How is a COPD exacerbation defined?

Definitions of exacerbations are important especially for standardization in
intervention studies. Although there is no standardized definition of a COPD
exacerbation, an exacerbation is often described as an acute worsening of res-
piratory symptoms. However, some symptoms are more important in the de-
scription of an exacerbation than others and Anthonisen and colleagues
pointed out that the most important symptoms of exacerbations were in-
creased dyspnoea, sputum volume and purulence [5]. Definitions based on
symptoms have been used in other studies [2–4]. Other definitions of exacer-
bations have been based on health care utilization, e.g. unscheduled physician
visits, changes or increases in medication, use of oral steroids at exacerbation
and hospital admission, or using the combination of worsening of symptoms
and health care utilization [6]. However, health care utilization in COPD
varies widely and thus there may be considerable difficulty in standardizing
such a definition.

How often do patients report COPD exacerbations?

A cohort of moderate to severe COPD patients was followed in East London,
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UK (East London COPD Study) with daily diary cards and peak flow readings
[2]. The patients were asked to report exacerbations as soon as possible after
symptomatic onset [2]. The diagnosis of COPD exacerbation was based 
on criteria modified from those described by Anthonisen and colleagues 
[5], which require two symptoms for diagnosis, one of which must be a 
major symptom of increased dyspnoea, sputum volume or sputum purulence.
Minor exacerbation symptoms included cough, wheeze, sore throat, nasal
discharge or fever. The study found that about 50% of exacerbations were un-
reported to the research team, despite considerable encouragement being 
provided and were only diagnosed from diary cards, though there were no dif-
ferences in major symptoms or physiological parameters between reported
and unreported exacerbations [2]. Patients with COPD are accustomed to fre-
quent symptom changes and thus may tend to under-report exacerbations to
physicians. These patients have high levels of anxiety and depression and may
accept their situation [7,8]. The tendency of patients to under-report exacer-
bations may explain the higher total rate of exacerbations at 2.7 per patient
per year, which is higher than previously reported by Anthonisen and cowork-
ers at 1.1 per patient per year [5]. However, in the latter study, exacerbations
were unreported and diagnosed from patients’ recall of symptoms.

What is the relation between exacerbation frequency and
quality of life?

There is a close relationship between exacerbation frequency and quality of
life measures. Using the median number of exacerbations as a cut-off point,
COPD patients in the East London Study were classified as frequent and infre-
quent exacerbators. Quality-of-life scores measured using a validated disease
specific scale —the St George’s Respiratory Questionnaire (SGRQ), were sig-
nificantly worse in all of its three component scores (symptoms, activities and
impacts) in the frequent, compared to the infrequent, exacerbators. This sug-
gests that exacerbation frequency is an important determinant of health status
in COPD and is thus one of the important outcome measures in COPD. Fac-
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Temperature

BacteriaRespiratory viruses
Fig. 15.1 Aetiology of COPD
exacerbations.
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tors predictive of frequent exacerbations included daily cough and sputum
and frequent exacerbations in the previous year. An earlier study of acute in-
fective exacerbations of chronic bronchitis found that one of the factors pre-
dicting exacerbation was also the number in the previous year [9].

What is the time course of a COPD exacerbation and do all
exacerbations recover to baseline symptoms and physiological
parameters?

In a study of 504 exacerbations, with daily monitoring being performed, there
was some deterioration in symptoms, though no significant peak flow changes
[10]. Falls in peak flow and FEV1 at exacerbation were generally small and not
useful in predicting exacerbations, but larger falls in peak flow were associat-
ed with symptoms of dyspnoea, presence of colds and related to a longer re-
covery time from exacerbations. The median time to recovery of peak flow
was 6 days and 7 days for symptoms, but at 35 days peak flow had returned to
normal in only 75% of exacerbations, while at 91 days, 7.1% of exacerba-
tions had not returned to baseline lung function. Exacerbations took longer to
recover in the presence of increased dyspnoea or symptoms of a common cold
at exacerbation, suggesting that respiratory viruses lead to longer and thus
more severe exacerbations. Another interesting finding is that the changes ob-
served in lung function at exacerbation were smaller than those observed at
asthmatic exacerbations, though the average length of an asthmatic exacerba-
tion was longer at 9.6 days, compared to 6 or 7 days in COPD [11,12].

Are there airway inflammatory changes at COPD exacerbation?

Airway inflammatory changes are an important feature of COPD and it has
been assumed that exacerbations are associated with increased airway inflam-
mation. However, there has been little information available on the nature of
any inflammatory changes, especially when studied close to an exacerbation,
as performing bronchial biopsies at exacerbation is difficult in patients with
moderate to severe COPD. The relation of any airway inflammatory changes
to symptoms and physiological changes at exacerbations of COPD is also an
important factor to consider.

In an Italian study, where biopsies were performed at exacerbation in 
patients with chronic bronchitis, increased airway eosinophilia was found,
though patients described had only mild COPD [13]. With exacerbation,
there were more modest increases observed in neutrophils, T lymphocytes
(CD3) and TNF-a-positive cells, while there were no changes in CD4 or CD8
T cells, macrophages or mast cells. Sputum induction allows study of these pa-
tients at exacerbation and it has been shown that it is a safe and well tolerated
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technique in COPD patients [14]. Levels of inflammatory cytokines had been
previously shown to be elevated in induced sputum in COPD patients when
stable [15]. In a cohort of COPD patients from the East London COPD study,
the inflammatory markers in induced sputum were related to symptoms and
physiological parameters both at baseline and at exacerbation [3]. There was
a relation between exacerbation frequency and sputum cytokines, in that
there was increased sputum interleukin-6 (IL-6) and IL-8 found in patients at
baseline when stable with frequent exacerbations compared to those with in-
frequent exacerbations (Fig. 15.2), although there was no relation between cy-
tokines and baseline lung function. As discussed below, exacerbations are
triggered by viral infections, especially by rhinovirus, which is the cause of the
common cold. Rhinovirus has been shown to increase cytokine production in
an epithelial cell line [16] and thus repeated viral infection as occurs in patients
with a history of frequent exacerbation may lead to up-regulation of cytokine
airway expression.

There were increases at exacerbation in induced sputum IL-6 levels and the
levels of IL-6 were higher when exacerbations were associated with symptoms
of the common cold (Fig. 15.3). Studies where experimental rhinovirus infec-
tion has been induced in patients have found increases in sputum IL-6 in 
normal subjects and asthmatics [17–19]. However, rises in cell counts and 
IL-8 were more variable with exacerbation and not reaching statistical signif-
icance, suggesting marked heterogeneity in the degree of the inflammatory 
response at exacerbation. The exacerbation IL-8 levels were related to sputum
neutrophil and total cell counts, indicating that neutrophil recruitment is 
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Fig. 15.2 Induced sputum levels of interleukin-6 (IL-6) (a) and IL-8 (b) in patients who are
categorized as frequent exacerbators (≥3 exacerbations in the previous year) and those who are
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the major source of airway IL-8 at exacerbation. In comparison with 
asthma, COPD exacerbations are associated with generally less pronounced
airway inflammatory responses [20], and this may explain the relatively re-
duced response compared to steroids seen at exacerbation in COPD patients
[21–27].

What are the causes of COPD exacerbations?

The triggers of COPD exacerbations are shown in Table 15.1. Respiratory
viral infections are the most important cause of exacerbations. COPD exacer-
bations are frequently triggered by upper respiratory tract infections and these
are commoner in the winter months, when there are more respiratory viral in-
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Fig. 15.3 Sputum interleukin-6 (IL-6) levels in COPD
patients with the presence of a cold with the
exacerbation and those without a cold. Sputum IL-6
levels are higher in the presence of a cold. Data is
expressed as medians (IQR). From [3].

Viruses
Rhinovirus (common cold)
Influenza
Parainfluenza
Coronavirus
Adenovirus
RSV

Bacteria
Haemophilus influenzae
Streptococcus pneumoniae
Branhamella cattarhalis
Staphylococcus aureus
Pseudomonas aeruginosa
Chlamydia pneumoniae

Common pollutants
Nitrogen dioxide
Particulates
Sulphur dioxide
Ozone

Table 15.1 Causes of COPD
exacerbations.
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fections in the community. COPD patients have been found to have increased
hospital admissions, suggesting increased exacerbations when increasing en-
vironmental pollution occurs. During the December 1991 pollution episode
in the UK, COPD mortality was increased together with an increase in hospi-
tal admissions of elderly COPD patients [28]. However, common pollutants
especially oxides of nitrogen and particulates may interact with viral infec-
tions to precipitate an exacerbation rather than acting alone [29].

Viral infections

Studies in childhood asthma have shown that viruses, especially rhinovirus,
can be detected by polymerase chain reaction from a large number of these ex-
acerbations [30]. Rhinovirus has not hitherto been considered to be of much
significance during exacerbations of COPD. In a study of 44 chronic 
bronchitics, Stott and colleagues found rhinovirus in 13 (14.9%) of 87 
exacerbations of chronic bronchitis [31]. In 25 chronic bronchitics with 116
exacerbations over 4 years, Gump et al. found that only 3.4% of exacerba-
tions could be attributed to rhinoviruses [32]. In a more recent study of 35
episodes of COPD exacerbation using serological methods and nasal samples
for viral culture, little evidence was found for a rhinovirus aetiology of COPD
exacerbation [33].

A number of studies have now shown that at least 50% of COPD exacer-
bations were associated with viral infections, and that the majority of these
were due to rhinovirus [34–36]. Viral exacerbations were associated with
symptomatic colds and prolonged recovery (Fig. 15.4) [10,36]. Seemungal
and colleagues showed that that rhinovirus can be recovered from induced
sputum more frequently than from nasal aspirates at exacerbation, suggesting
that natural rhinovirus can infect the lower airway and be a cause of inflam-
matory changes at exacerbation [34]. Exacerbations associated with the 
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presence of rhinovirus in induced sputum had larger increases in airway IL-6
levels [35], suggesting that viruses increase the severity of airway inflamma-
tion at exacerbation. This finding is in agreement with the data that respira-
tory viruses produce longer and more severe exacerbations and have a major
impact on health care utilization [10,34]. Other viruses that may be important
in triggering exacerbations are shown in Table 15.1.

Bacterial infection

Lower airway bacterial colonization has been shown to be common in COPD
and has been found overall in approximately 30% of COPD patients. Colo-
nization has been shown to be related to the degree of airflow obstruction and
current cigarette smoking status [37]. Bacteria that have been usually associ-
ated with exacerbation are Haemophilus influenzae and Streptococcus 
pneumoniae. Some studies have shown increasing bacterial counts during ex-
acerbation, while others have not confirmed these findings [38,39]. 
Soler and colleagues showed that the presence of potentially pathogenic or-
ganisms in bronchoalveolar lavage from COPD patients at bronchoscopy was
associated with a greater degree of inflammation [40]. In a larger study, Hill
and colleagues showed that the airway bacterial load was related to inflam-
matory markers [41]. They also found that the bacterial species was related to
the degree of inflammation, with Pseudomonas aeruginosa colonization
showing greater myeloperoxidase activity (an indirect measure of neutrophil
activation).

Thus bacterial colonization in COPD is an important determinant of air-
way inflammation and further long-term studies are required to investigate
whether bacterial colonization predisposes to the decline in lung function
characteristic of COPD. Patel and colleagues have recently shown that pa-
tients with frequent exacerbations have increased sputum bacterial coloniza-
tion, compared to patients with less frequent exacerbations [42] and this may
explain the higher cytokine levels observed in the frequent exacerbator patient
group [3].

How are bronchodilator therapies used at exacerbation?

Bronchodilators, especially inhaled b2-agonists and anticholinergic agents,
are frequently used in the treatment of acute exacerbations of COPD. In pa-
tients with stable COPD, symptomatic benefit can be obtained with bron-
chodilator therapy in COPD, even without significant changes in spirometry.
This is probably due to a reduction in dynamic hyperinflation that is charac-
teristic of COPD and hence leads to a decrease in the sensation of dyspnoea es-
pecially during exertion [43]. In stable COPD greater bronchodilatation has
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been demonstrated with anticholinergic agents than with beta-agonists.
However, studies investigating bronchodilator responses in acute exacerba-
tions of COPD have shown no differences between agents used and no signifi-
cant additive effect of the combination therapy, even though combination of
an anticholinergic and bronchodilator has benefits when patients are stable
[44,45]. This difference in effect between the acute and stable states may be
due to the fact that the larger doses of drug delivered in the acute setting pro-
duce maximal bronchodilatation, whereas the smaller doses administered in
the stable condition may be having a submaximal effect.

Methylxanthines, e.g. theophylline, are sometimes used in the manage-
ment of acute exacerbations of COPD. Although there is some evidence that
theophyllines are useful in COPD, the main limiting factor is the frequency of
toxic side-effects. The therapeutic action of theophylline is thought to be due
to its inhibition of phosphodiesterase which breaks down cyclic AMP, an in-
tracellular messenger, thus facilitating bronchodilatation. However, studies of
intravenous aminophylline therapy in acute exacerbations of COPD have
shown no significant beneficial effect over and above conventional therapy
[46]. It is possible that some of the new phosphodiesterase inhibitors in devel-
opment may have advantages, be more specific and possess a more favourable
side-effect profile.

What is the role of steroids at acute exacerbation?

In patients with stable COPD, only about 10–15% of patients show 
a positive response to oral corticosteroids using spirometry [47] and, unlike
the situation in asthma, steroids have little effect on airway inflammatory
markers in patients with COPD [48,49]. Corticosteroids have traditionally
been used in the management of acute exacerbations of COPD, although there
has only recently been evidence of their beneficial role in the acute situation
[21–27].

A number of early studies have investigated the effects of corticosteroid
therapy, though these studies were generally small. Thompson and colleagues
gave a 9-day course of prednisolone or placebo in a randomized manner to
out-patients presenting with acute exacerbations of COPD [25]. Unlike the
previous studies, these patients were either recruited from out-patients or
from a group that were pre-enrolled and self reported the exacerbation to the
study team. In this study patients with exacerbations associated with acidosis
or pneumonia were excluded, so exacerbations of moderate severity were gen-
erally included. Patients in the steroid-treated group showed a more rapid im-
provement in PaO2, alveolar–arterial oxygen gradient, FEV1, peak expiratory
flow rate and a trend towards a more rapid improvement in dyspnoea in the
steroid-treated group.



200 CHAPTER 15

Seemungal and colleagues followed a cohort of COPD patients in the East
London study and described the effect of therapy with prednisolone on COPD
exacerbations diagnosed and treated in the community [10]. Exacerbations
treated with steroids were more severe and associated with larger falls in peak
flow rate. The treated exacerbations also had a longer recovery time to base-
line for symptoms and peak flow rate. However, the rate of peak flow rate re-
covery was faster in the prednisolone-treated group, though not the rate of
symptom score recovery. An interesting finding in this study was that steroids
significantly prolonged the median time from the day of onset of the initial ex-
acerbation to the next exacerbation from 60 days in the group not treated with
prednisolone to 84 days in the patients treated with prednisolone. If short
course oral steroid therapy at exacerbation does prolong the time to the next
exacerbation, then this could be an important way to reduce exacerbation 
frequency in COPD patients.

In another recent study, Davies and colleagues randomized patients admit-
ted to hospital with COPD exacerbations to treatment with prednisolone or
placebo [26]. In the prednisolone-treated group, the FEV1 rose faster until day
5, when a plateau was observed in the steroid-treated group. Changes in the
prebronchodilator and postbronchodilator FEV1 were similar suggesting 
that this is not just an effect on bronchomotor tone, but involves faster resolu-
tion of airway inflammatory changes or airway wall oedema with exacerba-
tion. Length of hospital stay analysis showed that patients treated with
prednisolone had a significantly shorter length of stay. Six weeks later, there
were no differences in spirometry between the patient groups and health 
status was similar to that measured at 5 days after admission. Thus the bene-
fits of steroid therapy at exacerbation are most obvious in the early course of
the exacerbation.

Niewoehner and colleagues performed a randomized controlled trial of ei-
ther a 2-week or 8-week prednisolone course at exacerbation compared to
placebo, in addition to other exacerbation therapy [27]. The primary end
point was a first treatment failure, including death, need for intubation, read-
mission or intensification of therapy. There was no difference in the results
using the 2- or 8-week treatment protocol. The rates of treatment failure were
higher in the placebo group at 30 days, compared to the combined 2- and 8-
week prednisolone groups. As in the study by Davies and colleagues, the FEV1

improved faster in the prednisolone-treated group, though there were no dif-
ferences by 2 weeks. In contrast, Niewoehner and colleagues performed a de-
tailed evaluation of steroid complications and found considerable evidence of
hyperglycaemia in the steroid-treated patients. Thus steroids should be used at
COPD exacerbation in short courses of no more than 2 weeks duration to
avoid risk of complications.
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Do antibiotics have benefit for COPD exacerbations?

As COPD exacerbations frequently present with increased sputum purulence
and volume, antibiotics have traditionally been used as first-line therapy.
However, viral infections may be the triggers in a significant proportion of
acute infective exacerbations in COPD and antibiotics used for the conse-
quences of secondary infection. A study investigating the benefit of antibiotics
in over 300 acute exacerbations demonstrated a greater treatment success 
rate in patients treated with antibiotics, especially if their initial presentation
was with the symptoms of increased dyspnoea, sputum volume and purulence
[5]. A randomized placebo-controlled study investigating the value of antibi-
otics in patients with mild obstructive lung disease in the community conclud-
ed that antibiotic therapy did not accelerate recovery or reduce the number of
relapses [50]. A meta-analysis of trials of antibiotic therapy in COPD identi-
fied only nine studies of significant duration and concluded that antibiotic
therapy offered a small but significant benefit in outcome in acute exacerba-
tions [51].

What are the various models of supported discharge at
exacerbation of COPD patients?

COPD exacerbations are one of the most important causes of hospital admis-
sions, especially during the winter months when they are most frequent. Thus
there is a particular need to devise strategies to reduce the hospital admissions
associated with exacerbations. There has arisen a need to develop different
models of supported discharge, where patients are discharged back early to
the community with increased support and care packages and a number of
these have been evaluated [54–57].

In a randomized study, Cotton and colleagues allocated patients to dis-
charge on the next day or usual management and observed no differences in
mortality or readmission rates between the two groups [55]. There was a re-
duction in hospital stay from a mean of 6.1 days to 3.2 days. In another larger
study by Skwarska and colleagues, patients were randomized to discharge on
the day of assessment or conventional management [56]. Again there were no
differences in readmission rates, although these were high at around 30% of
the study populations at 3 months. There were no differences in visits to pri-
mary care physicians and health status measured 8 weeks after discharge was
similar in the two groups. The authors also demonstrated that there were sig-
nificant cost savings of around 50% for the home support group, compared to
the admitted group. Davies and colleagues found no differences in mortality
or readmission rate between the home and hospital treated group [57]. How-
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ever, only about 25% of patients presenting for hospital admission with a
COPD exacerbation are suitable for home therapy and thus selection is re-
quired [56,57]. Other considerations need to be taken into account in organ-
izing an assisted discharge service, in that resources have to be released for the
nurses to follow the patients and the benefits may be seasonal, as COPD ad-
missions are a particular problem in the winter months.

Can COPD exacerbations be prevented?

As upper respiratory tract infections are common factors in causing exacerba-
tion, influenza and pneumococcal vaccinations are recommended for all pa-
tients with significant COPD. A study that reviewed the outcome of influenza
vaccination in a cohort of elderly patients with chronic lung disease found that
influenza vaccination is associated with significant health benefits with fewer
outpatient visits, fewer hospitalizations and a reduced mortality [58]. Early
studies on long-term antibiotics in exacerbation prevention have not shown a
benefit on exacerbation frequency. However, recent data suggests that lower
airway bacterial colonization in COPD increases the exacerbation frequency
[42]. The same study shows that patients with bacterial colonization were also
more likely to have more severe exacerbations, as shown by a longer recovery
time [42]. Thus with the introduction of new and more effective antibiotics,
new and well designed studies are required to assess the effects of long-term
antibiotics on exacerbation frequency in COPD.

Mucolytic agents have also been prescribed in COPD though their use
worldwide is very variable with little use in the UK and more prescriptions in
mainland Europe. A recent meta-analysis was published that assessed the ef-
fects of oral mucolytics in COPD [59]. A total of 23 randomized controlled tri-
als were identified and the main outcome was that there was a 29% reduction
in exacerbations with mucolytic therapy. The number of patients who had no
exacerbations was greater in the mucolytic group and days of illness was also
reduced, though mucolytics had no effect on lung function. The drug that con-
tributed most to the beneficial results in the review was N-acetylcysteine,
though the mechanism of action of N-acetylcysteine is not entirely clear and
may be a combination of mucolytic and antioxidative effects. These early
studies are mostly small and further large studies on the effects of mucolytics
are in progress and the results will be available in the next few years.

In the ISOLDE study of long-term inhaled fluticasone in patients with
moderate to severe COPD, a reduction in exacerbation frequency was shown.
However, the overall exacerbation frequency was relatively low in that study
and this was probably due to a retrospective assessment of exacerbations [60].
The effect of inhaled steroids was greater in patients with more impaired lung
function, suggesting that this is the group to target with long-term inhaled
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steroid therapy. Another earlier study suggested that the severity of exacerba-
tions may be reduced with inhaled steroid therapy [61]. An observational
study showed that exacerbations were increased following withdrawal of in-
haled steroids though this study was not placebo controlled [62]. Two recent
studies have also shown that small reductions in exacerbations can be
achieved with bronchodilator therapy, though both studies involved rela-
tively short periods of therapy at 12 weeks [63,64]. Recently the new 
long-acting anticholinergic drug tiotropium has been shown to reduce 
exacerbations by 24% when studied over a 1-year period [65].

Do exacerbations contribute to disease progression in COPD?

Early epidemiological studies suggested that exacerbations do not contribute
to decline in lung function and thus disease progression in COPD [1]. How-
ever, as discussed earlier not all exacerbations recover to baseline levels and
this incomplete recovery from an exacerbation may lead to decline in lung
function. Recent data from the Lung Health Study shows that in patients who
continue to smoke cigarettes, decline in lung function is greater if they have
had exacerbations [66]. In another recent study patients who had a history of
frequent exacerbations had a faster decline in lung function than patients who
had infrequent exacerbations, though the difference between FEV1 decline in
frequent and infrequent exacerbators was relatively small [67]. Overall prob-
ably only about 25% of the fall in lung function can be attributed to the effects
of exacerbation. However, these data suggest that COPD exacerbation is an
important target for therapy. Reduction of COPD exacerbation frequency
may not only improve quality of life and reduce hospital admission, but it may
have a more important role in reducing the progression of COPD.
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16: Which patients with acute COPD
exacerbation should receive ventilatory
support?

Mrinal Sircar and Mark Elliott

Introduction

An exacerbation of chronic obstructive pulmonary disease (COPD) of suffi-
cient severity to necessitate hospital admission indicates a poor prognosis, car-
rying a 6–26% mortality [1,2]. In one study, an 11% in-hospital mortality was
reported, but this increased over the next 2months, 6months, 1year and 2
years of follow-up to 20%, 33%, 43% and 49%, respectively [3]. Another
study found 5-year survival rates of 45% after hospital discharge, but this 
decreased to 28% with any further episode of hospitalization [4]. Numerous
studies have been carried out to identify predictors of mortality during 
an acute exacerbation of COPD. It has variously been correlated to: age, 
alveolar–arterial oxygen gradient greater than 5.5kPa (41mmHg), ventricu-
lar or atrial arrhythmias [4,5], requirement for long-term oxygen therapy, low
albumin or sodium, low forced expiratory volume in 1s (FEV1) [4,6] and re-
versibility of hypercapnia [7]. Mortality increases with low body mass index
[8] and in the presence of comorbidity, such as other organ failure [9]. The
most important predictor of in-hospital mortality [2,10,11] and need for intu-
bation [12] is the level of acidosis. Unsurprisingly, patients admitted to the 
intensive-care unit (ICU) have a high mortality, for instance Seneff et al. [13]
reported overall hospital mortality at 24% following admission to the ICU,
doubling to 59% at 1year. Others have reported lower mortality rates after
admission to ICU for mechanical ventilation, the ICU and hospital case fatal-
ity rates in one study being 1% and 11%, respectively [14]. On the other hand,
mortality as high as 88.8% at 2years after ICU admission has also been 
reported [15].

Non-invasive ventilation

Following a number of case series of the successful use of non-invasive me-
chanical ventilation (NIMV) [16–18] in patients with an acute exacerbation
of COPD, there has been a great expansion of interest in this area. The obvious
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attraction of NIMV is the avoidance of intubation and its attendant complica-
tions. Patients do not require sedation and can cooperate with physiotherapy
and eat normally [19]. Intermittent ventilatory support is practical, and pa-
tients can undergo mobilization at an early stage. Furthermore, patients can
communicate with medical and nursing staff and with family; this is likely to
reduce the feelings of powerlessness and anxiety [13]. However, concerns have
been raised that when NIMV is unsuccessful, the delay in intubation may 
affect the outcome [20,21], that a nasal or face mask is uncomfortable and
claustrophobic and that the procedure is more time-consuming for medical
and nursing staff [22].

Physiologically, NIMV is little different from invasive mechanical ventila-
tion; positive pressure is delivered to the lungs, but because of difficulties in
getting a perfect seal with the mask, it is theoretically less efficient than inva-
sive ventilation. On the other hand, the fact that NIMV is relatively less 
efficient may be to its advantage. Barotrauma such as pneumothorax is not un-
common with ventilation after intubation, but it has not been reported in any
of the major studies of NIMV, perhaps due to the lack of a perfect seal acting
as a safety valve preventing high pressures being transmitted to the lungs.
NIMV decreases inspiratory muscle effort and respiratory rate and increases
tidal volumes and oxygen saturation in stable COPD patients [23] and during
an acute exacerbation [24]. Arterial PaO2 increases while the PaCO2 decreases
with NIMV [17,25]. In a study by Celikel et al., NIMV significantly improved
PaO2, PaCO2, pH and respiratory rate, while medical treatment achieved only
an improvement in respiratory rate [26]. For the same FiO2, the AaDO2 in-
creases due to a rise in clearance of CO2 and hence increased respiratory ex-
change ratio [25]. There is a fall in cardiac output leading to a slight decrease
in systemic oxygen delivery, but this is not accompanied by a change in PvO2.
There appears to be no improvement in VA/Q ratio with NIMV [25].

Ventilators usually used for NIMV are either volume-targeted or pressure-
targeted. There are theoretical advantages to each mode, but broadly speaking
they are comparable in efficacy. Volume-targeted ventilators have been shown
to produce more complete off-loading of the respiratory muscles, but at the
expense of comfort [27]. In intubated patients however, assist pressure 
controlled ventilation has been shown to be more effective than assist control
volume ventilation at reducing various parameters of respiratory muscle ef-
fort, although this difference was only seen at moderate tidal volumes and low
flow rates [28]. In stable patients, little difference in gas exchange was seen
with different types of ventilator [23,29]. In terms of outcome, Vitacca et al.
[30] found that there was no difference whether volume-targeted or pressure-
targeted machines were used, but pressure-targeted machines were better 
tolerated by patients. A new mode of proportional assisted ventilation (PAV)
improves gas exchange and dyspnoea in stable COPD [31] and has been used



VENTILATORY SUPPORT IN COPD EXACERBATION 209

successfully in the treatment of acute respiratory failure of various aetiologies
[32]. PAV delivers ventilation according to patient demand, which should
theoretically be more comfortable, but makes the assumption that the patient
with respiratory failure knows best what he or she needs in terms of ventila-
tory support. PAV using flow assistance and positive end-expiratory pressure
(PEEP) achieved greatest improvement in minute ventilation, dypnoea and 
reduction in pressure–time product per breath of the respiratory muscles and
diaphragm in COPD patients with acute respiratory failure [33]. It has been
shown to decrease patient effort, work of breathing and neuromuscular drive
(P0.1) in COPD patients being weaned off invasive mechanical ventilation
[34,35]. Further data are needed comparing PAV with conventional modes of
ventilation.

PEEP can be added during NIMV and has beneficial effects, off-loading
the respiratory muscles, probably by counterbalancing the inspiratory thresh-
old load imposed by intrinsic PEEP [36] and lavaging carbon dioxide from the
mask [37]. In a short-term study in stable patients, the addition of PEEP has
been shown to reduce oxygen delivery despite an adequate SaO2 [38]. Mask
continuous positive airway pressure (CPAP) has also been shown to signifi-
cantly decrease respiratory rate and the subjective sensation of dyspnoea, de-
creasing PaCO2, increasing PaO2 [39], significantly improving ventilation [40]
and avoiding intubation and mechanical ventilation [41] in exacerbations of
COPD. In stable patients, the degree of unloading with CPAP is less than with
NIMV [23], but given the lack of randomized controlled data on the use of
CPAP in acute exacerbations of COPD, in contrast to NIMV (see below), its
use should be confined to centres in which NIMV is not available.

What is the evidence for the clinical usefulness of non-invasive ventilation?

Numerous uncontrolled studies have reported efficacy of NIMV in acute 
exacerbations of COPD, producing clinical and physiological improvement.
Meduri et al. [16] successfully ventilated 10 patients, including six with exac-
erbations of COPD, using a pressure-control mode delivered through a face
mask in 1989 and followed up subsequently with a larger series of 18 patients
with hypercapnic respiratory failure, with similar results [42]. Similar results
have also been reported by other workers in uncontrolled studies [18,43– 47].
However, in a small study, including only three patients with COPD, NIMV
was not found to be useful and indeed took up a considerable amount of nurs-
ing time [22]. The duration of NIMV required may be brief, suggesting that
even short periods of successful ventilation may be sufficient to buy time for
other therapies to work. Hilbert et al. [48] found that, using sequential mask
bilevel positive airway pressure support, at least 30min every 3hours, only 11
patients, compared to 30 of 42 matched historical controls, eventually re-
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quired intubation. In-hospital mortality was similar, but duration of ventila-
tory support and length of ICU stay were shortened.

There have been a number of other studies comparing NIMV with histori-
cal controls. Brochard et al. [17] reported 13 patients, of whom 12 could be
managed with face mask NIMV without requiring intubation. These patients
were also weaned off their ventilator faster and spent less time on the 
intensive-care unit than the controls. In another study, 24 patients treated with
NIMV showed more rapid improvement in blood gases and a better pH and
respiratory rate at discharge as compared to matched historical controls [49].
Only two patients receiving NIMV required intubation, compared with nine
controls. Hospital stays were also shorter in the survivors in the NIMV group,
but the in-hospital survival rates were no different. However, long-term sur-
vival at 12months was significantly better in the patients receiving NIMV
(71% vs. 50%). Vitacca et al. [50] also found no difference in hospital mortal-
ity in patients receiving NIMV compared to historical controls who were intu-
bated and ventilated (20% vs. 26%), but a survival advantage with NIMV
became apparent at 3months (77% vs. 52%) and 12months (70% vs. 37%).

This longer-term survival advantage with NIMV is intriguing. It has been
suggested that it is due to imperfect matching of the control and patient groups
[51]. However, there are other possible explanations. If ICU care has been pro-
longed, and weaning difficult, there may be reluctance on the part of either
medical staff or the patients themselves to consider invasive mechanical venti-
lation (IMV) for a subsequent exacerbation. Secondly, it is possible that IMV
has adverse effects that may be significant later; electrophysiological and 
biopsy evidence of muscle dysfunction has been shown after as little as 1week
of invasive ventilation [52,53]. Such dysfunction of the respiratory muscles
will reduce the capacity of the respiratory muscle pump, which may increase
the risk of ventilatory failure in subsequent exacerbation. However, these ob-
servations are speculative and need to be substantiated in further prospective
studies.

The first prospective randomized controlled trial of NIMV in COPD exac-
erbation was reported in 1993 [54] (Table 16.1). Patients receiving standard
medical therapy and NIMV from a volume-cycled ventilator in the assisted
control mode had a significantly greater improvement in both the pH and
PaCO2 as compared to patients on standard medical therapy alone. On an 
intention-to-treat basis, there was no difference in survival between NIMV
and conventional therapy, but only one out of 26 patients who actually re-
ceived NIMV died, compared to nine out of 30 patients in the control group (P
=0.014). However, the mortality in the control arm was higher than expected
from other studies, given that the mean pH at the time of randomization
showed only mild acidosis, and in addition few patients who died were offered
IMV. In a multicentre study in five European ICUs, Brochard et al. [55]
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demonstrated a significantly lower rate of endotracheal intubation (11 of 43
vs. 31 of 42), mortality (4 vs. 12) and shorter hospital stays (23 vs. 35days) in
patients on NIMV compared to those only on standard medical therapy. The
complication rate, particularly for pneumonia, was much lower in the NIMV
group (two vs. seven) and most of the excess of complications and mortality in
the control group was attributed to intubation. These data suggest that NIMV
may be superior to IMV, but importantly these were highly selected patients,
with the majority (70%) of patients with COPD admitted to the ICUs during
the study period being excluded from the study. The intubation rate in the 
control group was higher than that in some other studies, and it has been 
suggested that over zealous oxygen supplementation precipitated worsening
hypercapnia in some patients [51]. Kramer et al. [56] reported similar results
with non-invasive pressure support ventilation in a mixed group of patients
with acute respiratory failure, with a substantial reduction in the need for 
intubation, which was most marked in the subgroup with exacerbation of
COPD (one of 11 patients on NIMV compared to eight of 12 controls). How-
ever, the mortality rate was no different (one of 16 vs. two of 15). Another
study that used a conventional ICU ventilator to deliver pressure support with
CPAP by a face mask also found a decreased need for intubation and decreased
length of hospital stay in patients ventilated non-invasively, besides achieving
significant physiological improvement [26].

However, not all studies have shown benefit from NIMV. Barbe et al.
found no benefit from NIMV over conventional treatment [57]. Patients re-
ceived two sessions of NIMV, using pressure support, of 3h each for the first 3
days of their admission. None of the patients in either group required intuba-
tion or died. In a recent study of unselected patients with respiratory failure of
different aetiologies, there was no difference between NIMV and standard
medical treatment alone [21]. However, there was a trend to an increased mor-
tality in the NIMV group, which was attributed to a delay in intubation in the
NIMV group (4 vs. 26h). However, the study included only six patients with
COPD (two in the NIMV and four in the control group) and the two groups
were not well matched, particularly for aetiology of respiratory failure.

Studies performed in the ICU [26,55,56] show that NIMV is feasible and
results in more rapid physiological improvement [26,55,56] and that the en-
dotracheal intubation (ETI) rate is substantially reduced [55,56]. In the largest
study [55], there was a reduction in mortality with NIMV. By contrast, studies
performed outside the ICU (in the emergency room or on a general ward)
[21,54,57] have failed to show an advantage for NIMV. A number of factors
may explain this difference. Firstly, nurse staffing and doctor-to-patient ratios
are likely to be less than those on the ICU, resulting in less time spent adapting
the ventilator to the patient. However, physiological improvement was still
seen in these studies, suggesting that, at least initially, effective ventilation was



VENTILATORY SUPPORT IN COPD EXACERBATION 213

provided. In the study by Barbe et al. [57], no patient in either group required
ETI or died; the mean pH was 7.33 and thus recovery in most patients was
likely. Given the small number of patients studied, it is not surprising that no
difference was seen between the two groups. Furthermore, NIMV was initi-
ated in the emergency room before other medical therapies had been given
time to work. In contrast, the patients treated on the ICU were more ill (more
acidotic) and are likely to have failed to improve with initial treatment with
bronchodilators, steroids, etc. A recent study has shown that 25% of acidotic
patients will correct their pH into the normal range following medical treat-
ment in the emergency room [58].

A multicentre randomized controlled trial of NIMV in 236 patients with
acute exacerbations of COPD on general respiratory wards in 13 centres [59]
has recently been reported. NIMV was administered with an unsophisticated
ventilator and only the level of inspiratory positive airway pressure (IPAP) and
expiratory positive airway pressure (EPAP) had to be adjusted by the usual
ward staff according to a simple protocol. Patients were randomized to NIMV
or conventional therapy if respiratory rate was>23 breaths/min and pH be-
tween 7.25 and 7.35 inclusive on arrival on the ward, after a period had
elapsed allowing time for treatment initiated in the emergency department 
to work. ‘Treatment failure’, a surrogate for the need for intubation, defined
by a priori criteria, was reduced from 27% to 15% by NIMV (P<0.05). In-
hospital mortality was also reduced, from 20% to 10% (P<0.05). Subgroup
analysis [59,60] suggested that the outcome in patients with pH <7.30 after
initial treatment was inferior to that in the studies performed in the ICU, sug-
gesting that the use of a very simple ventilator according to protocol on a gen-
eral ward is only appropriate for those with milder exacerbations.

There is no direct comparison between invasive mechanical ventilation
(IMV) and NIMV, and the two techniques should be viewed as complemen-
tary, with NIMV being regarded as a means of obviating the need for ETI
rather than as a direct alternative. Some patients require intubation from the
outset and others after a failed trial of NIMV. Patients with COPD may be dif-
ficult to wean from invasive mechanical ventilation [61], and NIMV has been
used successfully in weaning [62,63]. A multicentre randomized controlled
trial [64] in which 50 patients who failed a 2-h T-piece trial after 48h invasive
mechanical ventilation were randomized to continued endotracheal intuba-
tion and weaning using pressure support or extubation onto NIMV, and a
similar weaning strategy showed a clear advantage for NIMV. More patients
were weaned (88% vs. 68%), and the duration of ventilation (10.2±6.8 vs.
16.6±11.8days) and ICU stay (15.1±5.4 vs. 24.0±13.7days) were reduced
using NIMV. Ninety-two per cent of patients randomized to NIMV were alive
at 60days, compared with 72% who received continuing invasive mechanical
ventilation. There were no episodes of pneumonia in the non-invasive group,
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but seven in the control group. Girault et al. [65], in a further randomized con-
trolled trial involving 33 patients, showed a reduction in the duration of inva-
sive mechanical ventilation (4.6±1.9 vs. 7.7±3.8days) and a reduced mean
daily ventilatory support. However, the study found that there was an 
increased total duration (11.5±5.2 vs. 3.5±1.4days) of ventilatory support
when the non-invasive approach was used. There was no difference in the per-
centage of patients successfully weaned, or in complication rates.

A proportion of patients weaned from invasive ventilation subsequently
deteriorate and require further ventilatory support. Hilbert et al. reported 30
COPD patients who developed hypercapnic respiratory distress within 72h of
extubation [66]. They were treated with mask bilevel pressure support venti-
lation. Only six of these 30 patients, compared with 20 of 30 historical 
controls, required reintubation. Although in-hospital mortality was not sig-
nificantly different, the mean duration of ventilatory assistance and length of
intensive-care stay related to the event were significantly shortened by non-
invasive ventilation.

Other modes of non-invasive ventilation

The use of other modes of non-invasive ventilation has been reported in 
patients with COPD exacerbation. In a retrospective uncontrolled study, 105
patients were successfully weaned, and 93 were eventually discharged from
hospital after intermittent negative-pressure ventilation by means of an iron
lung [67]. Of these 105 patients, 62 were in coma and 43 had a deteriorating
level of consciousness at presentation. All patients were initially ventilated
continuously for 12– 48h and subsequently received intermittent daytime 
ventilation until weaned. Any subsequent exacerbation was also treated with
negative-pressure ventilation. Survival was 92% and 37% at 1 and 5years, re-
spectively. A more recent study by the same group was carried out in 150 pa-
tients with hypoxic hypercapnic coma (including 79% patients with COPD)
[68]. Of the 74 patients with only exacerbation of COPD as cause of coma,
treatment failed only in 19 (26%) patients, including 14 (19%) who died.

When should assisted ventilation be started? Is it appropriate
in all patients with an exacerbation of COPD?

One of the theoretical advantages of NIMV is that it can be started at an ear-
lier stage in the evolution of ventilatory failure, before invasive ventilation
would normally be considered appropriate. It has been suggested that NIMV
should be started when the pH is <7.35 and the respiratory rate >30 [69,70].
The data from the Yorkshire non-invasive ventilation (YONIV) trial [59] sup-
port these criteria, suggesting it be instituted at an even lower respiratory rate
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(>23 breaths/min), but after a period during which the effect of drug treat-
ment, adjustment of oxygen therapy, etc. can be evaluated. Reversing ventila-
tory failure is likely to be easier at an early stage, when theoretically lower
pressures used for shorter periods may improve tolerance [69,70]. NIMV is
less likely to be effective in patients with more severe physiological distur-
bances at the outset, suggesting that once decompensation has become well es-
tablished, the cycle of deterioration may not be broken with the use of NIMV
[55,71]. If NIMV does not improve pH and respiratory rate within the first
hour or two, intubation should be considered [55,71,72]. Patients with high
Acute Physiology and Chronic Health Evaluation (APACHE) II scores, an 
inability to minimize the amount of mouth leak (because of lack of teeth, 
secretions, or breathing pattern) or inability to coordinate with NIMV are 
poor candidates for NIMV [73]. In another study, patients who failed on
NIMV had a significantly higher incidence of pneumonia (38.5% vs. 8.7%),
were underweight, had a greater level of neurological deterioration, a higher
APACHE II score and reduced compliance with ventilation as assessed by the
physician in charge, compared to those who were successfully treated [71]. Al-
though both groups had similar PaO2/FiO2 ratios, patients failing on NIMV
had a significantly more abnormal PaCO2 and pH before starting NIMV. Only
baseline pH was found by logistic regression analysis to be able to predict 
success or failure of NIMV (mean 7.28 in successful group, versus 7.22 in the
failure group) with a sensitivity of 97% and specificity of 71%. Coma or 
confusion, upper gastrointestinal bleeding, high risk of aspiration, haemody-
namic instability or uncontrolled arrhythmia have been suggested as con-
traindications to NIMV [74]. This is primarily for theoretical reasons, as these
patients have been excluded from previous studies, and not because there is
any evidence that invasive mechanical ventilation (IMV) is superior in these
situations.

The question of which patients should be intubated is difficult. Poor prog-
nostic indicators for patients who are invasively ventilated are: admissions
after cardiorespiratory arrest, previous therapy with long-term oral steroids,
development of renal or cardiac failure in ICU and high APACHE II scores
[75]. However, clinical estimates of survival for the same patient may vary
among physicians [76]. Numerous authors have tried to find prediction
models that could help in the clinical decision to invasively ventilate patients
presenting with acute exacerbation of COPD. Kaelin et al. reported that a
multivariate analysis including eight parameters (fever greater than 38°C,
FEV1/forced vital capacity (FVC), age, leucocytosis, PaCO2 when the patient
was stable, low-flow oxygen treatment and plasma protein) could differenti-
ate between those likely to survive for more than 6months with an accuracy of
78% [77]. However, if the decision to intubate and ventilate had been based
on this analysis, it would have denied ventilation to 23% of patients who even-
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tually survived for more than 6months. Stauffer et al. [78] also found that a
multivariate analysis (including age, diagnosis and duration of mechanical
ventilation) could not produce a predicted probability of survival for weaning,
ICU discharge, hospital discharge or 1year post hospital discharge. Another
study performed in patients requiring ventilation for more than 3weeks found
that PaCO2 and maximal inspiratory pressure (MIP) could predict weaning
success or failure, but not the survival rate [79]. However, this study found
that survival to 2years in those not able to be weaned from the ventilator was
very poor compared to those who were eventually weaned (22% vs. 68%).
Other authors have found that patients requiring long-term home ventilation
(either non-invasively or via tracheostomy) have survival periods no different
from those requiring only long-term home oxygen, the mean survival being 3
years [80]. Overall, it appears that predicting the successful long-term survival
of patients being considered for invasive ventilation is imprecise, and any 
prediction model will misclassify a significant proportion of patients who are
likely to survive after ventilation.

Mechanical ventilation and end-of-life decisions

The decision to treat patients with severe COPD with mechanical ventilation
was previously taken solely by physicians. However, the importance of pa-
tients and their families in decisions on instituting such life-sustaining treat-
ments is now well recognized. It has been suggested that decisions regarding
life-sustaining interventions should be made by patients educated concerning
their disease and treatment options [81]. Shared decision-making is increas-
ingly recognized as an emerging trend in health care [82]. However, this does
not mean that the physician should always forfeit his opinion in favour of the
patient’s preference [83]. The American Thoracic Society has outlined a physi-
cian’s responsibilities in these situations as follows: firstly, to assess whether
the patient has adequate decision-making capacity; secondly, to inform the
patient regarding the diagnosis, prognosis, risks, benefits and consequences of
the full range of available medical interventions; and thirdly, to provide a 
professional recommendation [84].

Often, discussions take place once patients have been brought to hospital
for an exacerbation, when they are too ill to participate in the decision-making
process, and physicians and family members end up taking the decisions on
their behalf [85]. Unfortunately, health-care decisions made for a patient fre-
quently do not reflect the patient’s own preferences [86]. Physicians for their
part consider the patient’s quality of life, while taking decisions to provide or
withhold life-sustaining treatment options. This involves interpretation of the
patient’s prior medical experience, the physician’s attitudes about medical re-
sponsibilities/patient rights and estimates of the patient’s survival time [87].
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There are definite cultural differences in patient, family and physician atti-
tudes regarding end-of-life medical-care decisions, and in some societies both
physicians and family members may regard withholding or withdrawing life-
sustaining treatment as abandonment or even killing [88,89]. In a study car-
ried out by Sullivan et al. [83], physicians were in favour of prior discussions
regarding life-sustaining treatment options, but felt that patients had diffi-
culty in grasping such information and accepting it in a short time. Patient in-
dividuality and differing rates of progression of disease add to the difficulty in
deciding the optimal time for such a discussion. The use of a living will by in-
dividuals with chronic illness is a common practice in some societies and is one
way in which patients’ views regarding life-sustaining treatments can be de-
termined. Even within such societies, certain sections such as ‘black, poorly
educated, underinsured, or cognitively impaired’ are less likely to prepare a
living will [90]. Furthermore, the decisions that patients make are strongly in-
fluenced by the way physicians present the options [83,91,92]. In practice,
during a crisis several problems are encountered even in patients who have
made a living will. They include delay in presenting the advanced directive,
conflict between the dictates of the living will and the wishes of the person
named in the durable power of attorney, and controversy among health-care
providers as to when in the course of disease the spirit of the advanced direc-
tive has been met [93]. The legal validity of such an advanced directive also
needs to be considered in each country.

Current data suggest that for selected patients, the outcome with NIMV is
certainly no worse than with IMV [56] and possibly better [55] and it should
therefore be the first-line treatment for most patients. If the patient’s wishes
about the appropriateness of intervention are unknown, NIMV is less prob-
lematic than IMV, because patients can choose to discontinue NIMV subse-
quently, when they may be better able to make such decisions. Patients retain
a higher degree of control over their own destiny than is possible when they
have been intubated. It may also buy time for family members to accept that
further intervention is not appropriate. Indeed, NIMV has been successfully
used in patients refusing endotracheal intubation [94].

A strong case cannot be made on current evidence for denying ventilation,
especially NIMV, to any patient presenting with acute respiratory failure due
to COPD and requiring ventilatory support. At the same time, it has been aptly
stated that ‘We have this technology that can, in some cases, save lives and in
others prolong dying; we have a greater responsibility to determine when that
technology will be used’ [95].

What is the cost of NIMV?

In an early report on the use of NIMV in six patients, Chevrolet et al. [22]
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found that, particularly in patients with obstructive lung disease, the tech-
nique was very time-consuming for the nurses and the time was largely 
wasted, since all of the patients eventually had to be intubated. As with any
new technique, there is a learning curve, and the same group have subse-
quently published more encouraging results [96]. In the ICU, in which there
are high nurse-to-patient ratios, any additional work associated with NIMV is
unlikely to have a major effect, but the issue of medical and nursing time is very
relevant if the technique is to be performed in the ward environment. Nurses
and therapists will have responsibility for a much larger number of patients,
and any extra work associated with NIMV may mean that other tasks and pa-
tients are neglected.

In a randomized controlled trial comparing standard treatment with or
without NIMV in a general ward setting, Bott et al. [54] found no difference in
nursing care requirements, recorded on a daily basis by asking the senior nurse
to record the amount of care needed using a simple visual analogue scale. This
may have underestimated the care requirements associated with NIMV, be-
cause ventilation was initiated and maintained by staff supernumerary to the
normal ward complement. In another study, with more detailed analysis of
nursing and therapist activity, Kramer et al. [56] found that the respiratory
therapist spent more time with patients in the NIMV group compared to the
standard treatment group in the first 8h, but this difference did not reach sta-
tistical significance. The time required in the NIMV group dropped signifi-
cantly in the second 8-h period. The time demands on the nurses did not differ
in the two groups throughout the measurement period, and neither the res-
piratory therapist nor the nurses considered caring for patients on NIMV as
being any more difficult than the control patients. Nava et al. [97] found that
in the first 48h of assisted ventilation, NIMV was no more time-consuming or
demanding for staff than invasive mechanical ventilation. However, after the
first few days of ventilation, NIMV was significantly less time-consuming for
both medical and nursing personnel.

Since most studies report a shorter period of ventilation and ICU and hos-
pital stay, it is has been suggested that NIMV should be cheaper than invasive
mechanical ventilation [98,99]. However, patients treated with NIMV do
incur substantial financial costs during their hospitalization [100]. Nava et al.
[97] found that the total cost per day was comparable for invasive and non-
invasive ventilation, although NIMV was performed on a respiratory ICU. In
the study by Kramer et al. [56], the total hospital charges were 37.6±7.9 (in
thousands of dollars) in patients receiving NIMV vs. 33.9±6.9 in control pa-
tients not receiving NIMV, which was not statistically different [56]. In a re-
cent multicentre study from the UK, the incremental cost of NIMV per patient
avoiding the ‘need for intubation’ was £2829. However, the incremental 
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savings per death avoided were £4114, by way of decreased ICU usage, thus
providing a strong economic argument for the use of NIMV [101].

How should NIMV be used and by whom? Is it viable in the
ordinary district general hospital setting?

Although early experience of NIMV in COPD exacerbation came from the
ICU [16,17] it has been shown to be effective in the non-ICU setting
[18,54,59,102]. The successful application of NIMV is critically dependent
on nursing, therapist and medical staff expertise, and it is vital that all staff in-
volved be adequately trained in the technique. Expertise and skill retention
will be facilitated by maximizing exposure of all staff to patients receiving
NIMV. The expected throughput of patients is another factor to be considered
in deciding on the best location for NIMV. In a recent study in the UK, it has
been suggested that for the average general hospital, serving a population of
250000 and with a standardized mortality rate for COPD of 100, six patients
per month with an acute exacerbation of COPD will require NIMV, assuming
that ventilation is initiated in patients with a pH<7.35 after initial treatment
[58]. This number excludes patients with other conditions requiring NIMV
and those who require it later in their hospital stay, e.g. for weaning, etc. With
relatively small numbers of patients per month, NIMV is best performed in a
single-sex location, to facilitate staff training and to maximize throughput and
skill retention. In areas with a higher prevalence of COPD or hospitals serving
larger populations, an NIMV service could reasonably be provided in more
than one location.

A proportion of patients will fail with NIMV, requiring intubation and in-
vasive ventilation; it is important that personnel and the facility for intubation
be rapidly available if needed, if the trend to increased mortality with NIMV,
as reported by Wood et al., is to be avoided [21]. It could be argued that for 
patients with a high likelihood of failing (e.g. severe acidosis, severe hyper-
capnia, initiating event unlikely to be rapidly reversible, etc.) [71], NIMV
should be initiated on the ICU and once stabilized the patient could be trans-
ferred to the ward normally providing NIMV.

In any discussion about the location of an NIMV service, it is important to
note that the model of hospital care differs from country to country and that
‘ICU’, ‘high-dependency unit’ (HDU) and ‘general ward’ will have different
levels of staffing, facilities for monitoring, etc. [103–105]. Care must therefore
be taken in the extrapolation of results obtained in one environment to other
hospitals and countries.

In summary, staff training and experience are more important than 
location, and adequate numbers of staff, skilled in NIMV, must be available
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throughout the 24-h period. Because of the demands of looking after these
acutely ill patients, and to aid training and skill retention, NIMV is usually
best carried out in one single-sex location, with one nurse responsible for no
more than three to four patients in total.

Is there still a role for ventilatory stimulants?

In acute respiratory failure due to COPD, respiratory drive is usually high
[106]. Despite this, respiratory stimulants have been used in exacerbations of
COPD and may obviate the need for intubation [2,107,108]. Of a number of
respiratory stimulants (doxapram, ethamivan, amiphenazole, prethcamide
and nikethamide), only doxapram produced a significant increase in minute
volume [109], and it also increased sputum production. It is also the only res-
piratory stimulant licensed for use in the UK. In a double-blind cross-over trial
in eight patients with an acute exacerbation of COPD on controlled oxygen
therapy, three patients had a rise in PaCO2 on placebo, which was reversed
with doxapram [110]. A double-blind study compared 40 patients on a
doxapram infusion with 38 patients on placebo over a 2-h period [111]. There
was a significantly higher pH and lower PaCO2 in the doxapram group at all
time points. However, intubation and death rates were not affected. One pa-
tient on doxapram developed a psychosis. In a randomized controlled study,
patients with exacerbation of COPD and type II respiratory failure, who were
not improving on conventional treatment, received either non-invasive venti-
lation or doxapram [112]. Both groups of patients had an improvement in
PaO2, but the level was higher and the peak level was sustained at 4h only in
the NIMV group. Similarly, PaCO2 decreased in both groups of patients, but
was sustained at 4 h only in those on NIMV. In the early part of the study, three
patients in the doxapram group died. Subsequently, the protocol was modified
and two further patients deteriorating on doxapram received NIMV and sur-
vived to discharge. Another respiratory stimulant, almitrine, is effective in 
improving both PaO2 and PaCO2 levels when infused in COPD patients with
chronic respiratory failure, by increasing ventilation and improving the venti-
lation–perfusion relationship [113]. A comparison of almitrine 0.5mg/kg in-
fusion with doxapram 1mg/kg found that the former was significantly better
in increasing PaO2 and decreasing PaCO2 in patients with chronic type II res-
piratory failure [114]. However, a randomized controlled trial against place-
bo in acute exacerbations of COPD revealed no benefit from almitrine [115].

Respiratory stimulants in acute exacerbations of COPD have been shown
to have a short-term physiological effect, but there are no data to show that
this translates into an improved outcome. Such evidence as there is suggests
that NIMV is superior to doxapram. Respiratory stimulants may have a role
when NIMV is not available or not tolerated.
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Conclusion

Patients with an acute exacerbation of COPD place a major burden on health
services. There is now good evidence from a number of randomized controlled
trials that there is a major role for NIMV and that it should be introduced
early, if acidosis persists after initial therapy in the emergency room. NIMV
should be considered as a means of avoiding intubation rather than as a sub-
stitute for invasive ventilation, and the two techniques should be viewed as
complementary. With regard to location, successful NIMV has been reported
in the ICU, respiratory ICU and on the ward; the best location will vary from
hospital to hospital and is largely dependent on staff training and expertise.
Most patients with COPD will die of their disease, and better data are needed
to inform the decision-making process regarding the appropriate use of non-
invasive and invasive ventilation in acute exacerbations of COPD, if unneces-
sary suffering and prolongation of the act of dying are to be avoided.
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17: Outcome measures in COPD —
what is success?

Wisia Wedzicha and Mike Pearson

Why is there a need for a variety of outcome measures in COPD?

Chronic obstructive pulmonary disease (COPD) is characterized by a progres-
sive decline in lung function that leads to dyspnoea on exertion and eventu-
ally to death. However, there is considerable variability in the rate of decline of
forced expiratory volume in 1second (FEV1) in different patients. A number
of guidelines have been produced for the management of COPD, including
those from the European Thoracic Society [1], American Thoracic Society [2],
British Thoracic Society [3] and the Word Health Organization’s Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) guidelines [4]. All of
these guidelines agree on the point that the most accurate way to diagnose the
condition is with measurement of FEV1 by spirometry and that the FEV1 also
gives an indication of the severity of the disease. However, FEV1 is only part of
the explanation for the symptoms. In addition to the effect on lung function,
there are important effects on physical disability and psychological function
that impact on the quality of life experienced by the patient. Examples include
the systemic effect in more severe COPD, leading to muscle wasting, that may
progress and have direct effects on exercise capacity.

The levels of disability for a particular level of FEV1 can therefore vary
markedly; one patient with an FEV1 of 40% predicted may be less breathless
than a patient with an FEV1 of 60% predicted. Studies of health status in pa-
tients with COPD have shown that there is variability in the relation between
health status and FEV1 [5,6] (Fig. 17.1). Two patients with the same degree of
impairment of FEV1 may therefore have a different level of health status or
quality of life. Clinical studies have also shown that some therapeutic agents,
such as long-acting bronchodilators, may have a relatively small effect on
FEV1 but a greater effect on health status [7]. Evaluation of new therapeutic
agents thus requires a wider range of outcome measures, including measures
of health status, exercise capacity and daily activities.

Symptoms, health status, exercise capacity and the exacerbation rate have
all been proposed as additional outcome measures to the FEV1, but because
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they may change differently with various interventions —e.g. exercise capac-
ity changes by a much greater extent after a course of pulmonary rehabilita-
tion [8] than after home ventilatory support [9] —the outcome must be
specifically chosen in relation to the particular intervention being tested. But if
a clinician is to interpret these different measures, it is essential to understand
how the measurements relate to stable populations, how they behave in differ-
ent types of COPD and how they vary over time. There is a further problem in
that definitions for each of these vary between studies: ‘acute exacerbation’
has been defined in many ways, ranging from relatively mild exacerbations
that may require a visit to the general practitioner to a severe attack that 
requires hospitalization.

Perhaps the most difficult aspect is that of time. Doctors treating asthma
problems are used to observing dramatic changes in function within hours or
days and are able to use these to make decisions about treatment that are 
understandable to the patient and more important are often confirmed to be
correct in the longer term. By comparison, COPD is a chronic, slowly evolving
disorder in which there are few short-term changes and even fewer that can be
easily or reliably measured. This makes assessment and treatment planning
difficult and has often been used as an excuse for negativism. However, 
the work that has been performed on outcomes in COPD in recent years
would suggest that it is possible to record outcomes in COPD and that many
changes are perceived favourably by patients and their relatives. This chapter
addresses some of the outcomes in more detail.
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Fig. 17.1 The St George’s Respiratory Questionnaire
(SGRQ) is related to the level of forced expiratory
volume in 1s (FEV1), but the relationship is such that
almost any level of SGRQ can be associated with
almost any level of FEV1. From [6].
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What outcome measures are useful in COPD?

Symptoms

Symptoms are what the patient experiences and thus arguably are the most 
important effect of COPD. The commonest are dyspnoea on exertion, and
cough (with or without sputum). Wheeze is often noted by the physician, but 
less commonly complained of by the patient. Symptoms are by definition sub-
jective and therefore prone to interpretation. Many factors affect reporting,
such as the ability to estimate distance; thus ‘I can walk 100m without stop-
ping’ is dependent on how far the individual thinks 100m, is and few people
are able to estimate distance reliably. Relating a symptom to a specific activity
such as climbing stairs can help standardize the work requirement, but still
leaves a subjective interpretation that relates to the person’s ability to perceive
‘load’ and to their depression status. Depressed patients will report more
symptoms than non-depressed ones, and sensitive ‘wimps’ may report more
than more tolerant ‘stoics’, who are inclined to keep going and ‘make the best
of it’.

Thus, no one has yet derived a successful symptom score with which to
evaluate all COPD patients. Some have attempted to produce scores. A Dutch
group [10] used a modified Delphi process to ask a series of experts to derive a
10-question score of the most important symptoms. This remains under
evaluation, but it is doubtful whether busy clinicians will find time to ask 10
questions at each clinic visit, and moreover the utility and reliability of the
score have not yet been established. Most practical clinicians rely on recording
a few basic symptoms from the patient, based on activities that the patient ac-
tually does. The same specific activities can then be asked about on subsequent
visits —i.e. using the patient as his or her own control and assessing the change
in a particular lifestyle.

Breathlessness

Validated research measures that have been used include the Borg score and 
visual analogue scores that require patients to estimate how breathless they 
are in relation to a prompt. These scores are of limited value in estimating 
individual experience at any point in time, because of the substantial in-
terindividual variability mentioned above, and they do not have much utility
in the clinical context. However, they do have value when applied to measur-
ing short-term changes in breathlessness in the individual, or in assessing the
overall effect in groups of patients. Such measures have been used to document
improvement in breathlessness in response to a number of interventions in
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COPD such as physical training, bronchodilators and ambulatory oxygen
therapy [8,11,12].

While the limitations of interpreting breathlessness data for the individual
are legion, the picture when studying groups is much more encouraging. The
Medical Research Council (MRC) dyspnoea score [13] set out a scale for grad-
ing disability in populations in the 1960s that has stood the test of time. This
scale runs from 1 (breathless only with strenuous exercise) to 5 (too breathless
to leave the house). Studies have shown that with increasing MRC grade, there
are reductions in exercise capacity, daily activities and health status, and thus
this scale can be used to select patients for pulmonary rehabilitation [14].
There was much enthusiasm at the Royal College of Physicians Edinburgh
Consensus COPD conference [15], suggesting that all doctors should record a
simple measure like this as a marker case-mix variable to help evaluate re-
sponses to interventions such as rehabilitation. It has not been used in many
studies, and there is concern that it may not be capable of responding to
change. Few if any patients will respond to an intervention sufficient to move
a whole point on the scale, and thus it is unlikely to be useful to evaluate the 
effects of interventions.

Cough and sputum

The next most important symptoms in COPD are cough and sputum produc-
tion; these symptoms may occur in the early stages of COPD. Fletcher and
Peto [16] suggested that cough and sputum did not relate to mortality or pro-
gression of COPD and that they therefore reflected a separate process in the
lung. More recently, Vestbo et al. [17] have suggested that those with cough
and sputum do have a worse outcome, but the predictive value in individuals
is weak.

As with dyspnoea, there are many factors that affect the reporting and
recording of cough and sputum. The recent GOLD guidelines have suggested
an early stage (stage 0) of COPD, in which cough and sputum are present
(bronchitis), but without any change in airflow obstruction [4]. Some may de-
bate whether or not this stage is really a stage of COPD, since the ‘O’ in the
acronym is not satisfied. If patients do not notice that a productive cough is ab-
normal, because they expect it as a ‘smoker’s cough’ —a normal response to
smoking —then they may not report it. And how should the symptoms be
recorded with regard to the severity of COPD? Consider the smoker who has
a regular cough during mild and moderate phases of COPD and who then 
develops severe disease and sufficient symptoms that he is persuaded to quit
smoking. The productive cough will often abate or disappear with the smok-
ing cessation, but the severity of the COPD remains high. It is therefore pos-
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sible to record more symptoms in mild disease than in severe —making it hard
to interpret either individual or group data.

Other symptoms

The same problems apply to wheeze, which is a common but variable symp-
tom in COPD. Weight loss, which is an important symptom in severe COPD
and predictive of early mortality, is only of value in the most severe cases [18].

Thus, the symptoms have so far proved to be of limited value in outcome
assessments, because we have not yet developed ways in which to evaluate
symptoms that are consistent enough across individuals to be incorporated
easily into clinical assessments or into clinical trials. This is a factor in the
move toward quality-of-life measures, or more accurately health-status tools,
described below.

Physiological measurement

The accelerated decline in FEV1 over many years is characteristic of COPD,
and the measurement of FEV1 is key to both diagnosis and the staging of sever-
ity [16]. It is effort-independent and thus a reproducible measure of airflow
limitation, and many studies have shown that FEV1 (particularly the post-
bronchodilator FEV1) is closely linked to the prognosis in COPD [19]. Theory
would suggest that interventions should aim either to improve FEV1 or at least
to reduce the loss of function over time.

Improving FEV1

In groups of patients, it is possible to show improvements in FEV1 with a 
number of interventions, such as bronchodilators [20] and some anti-
inflammatory therapies [21]. The changes are often relatively small and 
difficult to distinguish from the natural variability of the FEV1 measurement.
When applied to individuals, there has been considerable debate about 
the use of FEV1 short-term reversibility to bronchodilators. The day-to-day
variation in reversibility test results and the difficulty of separating a real vari-
ation from chance mean that unless changes are large (i.e. of a level that indi-
cates that the diagnosis is more likely to be asthma), there is little value in
clinical practice. Short-term responses are not predictive of later responses to
therapy [22].

It is also possible to have improvement in functioning without a change in
the FEV1, for example in the response to physical interventions such as exer-
cise training or oxygen therapy [8,12].
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Measuring a reduced rate of decline of FEV1

Any intervention that purports to alter the eventual natural history of the dis-
ease must be associated with a change in the rate of loss of FEV1. Smoking 
cessation unequivocally produces a reduction in FEV1 decline [20,23]. But 
the problems of measurement are even more difficult than for short-term re-
sponses. The average rate of decline of FEV1 in healthy subjects is between 20
and 30mL/year, and the average rate of decline in smokers is approximately
double this. The average covers a wide range, with a few individuals (almost
all of them smokers) losing FEV1 at a rate of more than 100mL/year. Distin-
guishing a difference between an average of 50mL/year and 25mL/year while
using a measurement that has a natural variability between repeated measures
of 170mL [24] is clearly difficult. The slow change of FEV1 means that it is not
possible to make realistic estimates of rate of decline in an individual unless
there are repeated measures over 3–5years. In groups, it is possible to show
change over shorter periods [20], and it will remain an important outcome
goal of large-scale therapeutic and epidemiological studies.

However, day-to-day clinical practice demands outcomes that can be
measured on a much shorter time scale, and FEV1 is of almost no value in
measuring the effectiveness of daily clinical practice. It is probably worth
recording in order to be able to record the mean rate of decline over time 
to inform the prognosis, but there are no published data to support such an 
assertion.

Measurements of peak expiratory flow rate (PEFR) have been used much
less in COPD, as isolated measurements cannot distinguish COPD from other
types of lung disease, whether obstructive or restrictive. PEFR is much less re-
producible than FEV, but it too can be of value in large-scale group data. Re-
cently, the Copenhagen City Lung Study suggested that PEFR may be valuable
as a predictor of overall mortality in COPD [25]. One study of the long-acting
anticholinergic bronchodilator tiotropium has also shown significant effects
of tiotropium on peak flow, compared to placebo [26].

Exercise capacity

Measurement of exercise capacity provides an indication of the patient’s func-
tional limitation. Although generally there is a relation between FEV1 and ex-
ercise capacity, this is variable in the individual patient, and exercise capacity
cannot be predicted from the level of the FEV1 [27]. The complex exercise
tests —requiring specialized equipment, with measurement of ventilation and
maximum oxygen consumption and with considerable physiological exper-
tise being needed for interpretation —are usually kept as research tools. They
have been replaced by much simpler walking tests, such as the 6-min walking
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test, which are probably as informative. Asking patients to walk at their own
pace for 6min is much more typical of daily living and does not require any
complex equipment. Such tests, despite their simplicity, have been shown to be
reproducible, as long as correct procedures are followed and practice walks
are performed [28]. A variant is the shuttle walk test [29], which is an exter-
nally paced maximum walking test, requiring the patient to walk between two
cones placed 10m apart. Walking tests have been shown to be very useful for
assessing the outcome after pulmonary rehabilitation, and physical training is
one of the few interventions that has been shown to increase exercise capacity
to date [30].

However, as with symptoms and FEV1, these are changes that can be 
detected in groups of patients, and the value of the measures in assessing the
progress of an individual patient is less well documented.

Quality of life/health-status questionnaires

Health status is a concept that has grown in importance over the last 15years.
It attempts to measure the overall effect of a disease on the individual and 
to make allowance for factors such as depression by estimating function in 
a series of domains, of which physical functioning is but one. There are 
generic health-status questionnaires, such as the SF36 or the Sickness Impact
Profile (SIP), that can be applied in any condition, but which were found 
to be generally insensitive to change in patients with COPD. Two important
disease specific questionnaires were introduced: the Chronic Respiratory 
Questionnaire (CRQ) [31] and the St George’s Respiratory Questionnaire
(SGRQ) [32]. Both of these questionnaires have been shown to be sensitive to
interventions in COPD. The CRQ is based on the symptom of dyspnoea, while
the SGRQ consists of three components —symptoms, activities and impacts —
that are summed to provide a total score for health status.

These are now among the most important outcome measures in COPD
and have been shown to be improved by a variety of measures, including pul-
monary rehabilitation and pharmacological therapies such as bronchodila-
tors and inhaled steroids. Health status has been shown to deteriorate with
progressive COPD and is closely linked to exacerbation rates [33,34]. Their
importance has been recognized by regulatory authorities, such as the Com-
mission on the Safety of Medicines in the UK, for demonstrating efficacy —i.e.
improved quality of life is a valid outcome. This might sound obvious, but
until these instruments were devised, there was no way of demonstrating such
effects.

Although the SGRQ provides a score for activities, there are other ques-
tionnaires that have been developed to assess daily activities. The Nottingham
Extended Activities of Daily Living (NEADL) has been used in COPD [35], al-
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though it is of more use in describing disability in a population and is not sen-
sitive to change after an intervention such as rehabilitation. One reason for the
lack of sensitivity is that daily activities are only affected significantly in more
severe COPD, e.g. MRC dyspnoea scores 4 and 5 [14]. The London Chest Ac-
tivity of Daily Living Questionnaire (LCADL) has been developed for use in
this population with more severe disability, although experience with its use in
interventions is limited to date [36].

A novel feature of these health-status scores is that they have made it pos-
sible to determine the magnitude of change that is likely to be noticeable by the
individual patient. A change of four points on the SGRQ scale is likely to be
observable by the individual patient [7], and changes that exceed this thresh-
old in a group study can thus be inferred to be noticeable by more than half the
group. This considerably helps those who have to interpret the various studies
and is a major improvement on the long history of clinical studies demonstrat-
ing highly statistically significant, but very clinically insignificant, changes in
function. With justification, clinicians have questioned the relevance of small
changes that an individual would be unable to perceive and have asked
whether the cost of the intervention could be justified. However, there is a sig-
nificant caution that must be borne in mind before accepting these new meas-
ures as definitive —the fact that they are significantly influenced by non-COPD
factors such as mood and depression [37].

The weakness of health-status questionnaires is their relative length and
thus their impracticability for routine clinical use. However, as they provide
information on the likely health needs of the patient group and on their likely
future health costs, it seems probable that use will increase. The process of 
developing newer and simpler versions is likely to accelerate this process.

Exacerbations (see also Chapter 15)

Recently, exacerbations of COPD have been shown to be a major outcome
measure in COPD. The frequency of exacerbations is directly related to health
status, and has important health-economic implications [38]. It is also cited by
patients as one of the features that concerns them most. There is also some re-
cent evidence that exacerbations may have an effect on disease progression in
COPD, and thus it is essential to define and detect exacerbations accurately
[39,40]. Exacerbations are unusual in mild to moderate COPD and are too in-
frequent to be of value as an outcome indicator. In the Inhaled Steroids in Ob-
structive Lung Disease in Europe (ISOLDE) study [41], the population were
divided up into tertiles and it was only in the tertile with the lowest FEV1

(<1.25L) that there was a significant alteration in the exacerbation rate in 
response to drugs. This was in part because only in this group were 
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exacerbations sufficiently frequent that there were enough numbers to achieve
comparisons.

An exacerbation refers to a worsening of symptoms, especially of the
major symptoms of dyspnoea, increased sputum volume and sputum puru-
lence. Exacerbations are associated with physiological change and increased
inflammatory markers in the sputum, although these measures are too vari-
able to be of use in diagnosis [42]. The exacerbation frequency refers to the
number of exacerbations per year, and in group studies, a number of pharma-
cological interventions have been shown to reduce exacerbation frequency
[33]. However, to estimate exacerbation frequency, a whole year of data must
be collected. Other exacerbation measures that can be used over shorter peri-
ods have therefore been devised, such as time to the first exacerbation [43]. But
this is of limited value, as it is dependent on season and withdrawal of medica-
tion before the study.

Exacerbations are not easy to measure. Not only does the definition above
include a subjective interpretation of ‘worsening’, but also a significant num-
ber of exacerbations are not reported to health-care professionals. Collecting
complete data from patients in the community who have elected not to attend
hospital is a challenge.

Other possible outcomes in COPD

A number of other outcomes have been proposed, although experience with
them and with the effects of interventions is still limited.
• Changes in sputum inflammatory markers, e.g. the levels of leukotriene B4

(LTB4) can occur in response to treatment and resolution of an exacerbation
[44], although the use of such markers in clinical practice to follow exacerba-
tions has not been evaluated. Further work is required on the longer-term
changes in sputum inflammatory markers and relationships to disease 
progression.
• There is relatively little information on the use of bronchial biopsies 
in COPD. A relationship has been shown between the number of CD8 lym-
phocytes in the biopsies and FEV1, but to date only patients with relatively
mild COPD have been studied [45]. There is also little information on the 
relationship between sputum examination and changes in bronchial biopsies.
Thus, the use of bronchial biopsies is currently limited to research studies in
COPD.
• Other outcomes such as computed tomography (CT) scanning may have a
role in the future, both to diagnose COPD and follow changes after interven-
tions, although experience is limited to date.
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So what is success?

Much of the discussion above has focused on the limitations of the various
outcome measures, and this remains a major challenge for those who wish to
treat COPD more aggressively and with more success. Much depends on what
can realistically be expected.

Long-term epidemiology

The FEV1 remains the best marker of the rate of long-term decline of FEV1,
and any therapy for which a disease-modifying role can be claimed will need to
show that it can slow the rate of decline. So far, only smoking cessation is
known to alter the long-term outcome measured in this way. Therapies that
can reduce exacerbation frequency also may affect disease progression.

Shorter-term clinical outcomes

Once COPD has become established, the damage cannot at present be re-
paired; improvements in lung function with therapy are small and are rarely of
value in individuals.

In patients with more severe COPD, the reduction in the exacerbation fre-
quency is probably the most sensitive measure of response and moreover is
one that has clear economic benefits and that is instantly appreciated by 
patients.

The disease-specific health-status measures apply to both severe and mod-
erate stages of disease and have been shown to be responsive to a range of sup-
portive treatments, including long-acting bronchodilators and rehabilitation
programs. Again, these can be quantified, and the proportion of patients ex-
periencing noticeable changes can be calculated. Unfortunately, measurement
often takes too long for busy clinicians to use any of these in routine practice.

Routine practice is still dependent on the subjective recording of symp-
toms and the very subjective ‘Do you feel better?’ approach —and a challenge
for researchers is to improve on this weak armamentarium.

Success for the patient or success by the doctor?

In the modern world, physicians are expected not only to provide treatment,
but also to demonstrate that their treatments work. In a condition in which 
little can be expected to change over a period of years in the individual, the 
patient outcomes discussed above are of little value when trying to determine
whether a doctor is providing good or bad care. This is a problem common to
many, if not all, chronic diseases and has led to attempts to examine the
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process of care rather than just the outcome. If the process measures are 
chosen to have some potential to predict outcome, then there is purpose to the
exercise, and this has been shown to have merit in cardiology [46].

A recent audit of care provided in 46 UK hospitals collected data on 1400
acute admissions with an acute exacerbation and examined a series of stand-
ards derived from current COPD management guidelines, a number of sever-
ity indicators (to control for case mix) and the 3-month mortality. Care
standards varied very widely between hospitals and so too did the 3-month
mortality. For most factors measured, the care ranged from acceptable to ap-
palling —few units scored consistently well. It is difficult to justify the man-
agement provided for many aspects of care. As an example, spirometry is
recommended as essential for making the diagnosis by all national and inter-
national guidelines, and the audit accepted any measurement made either in
the 5years prior to or the 3months after the index admission. Even with this
latitude, only half the patients (51%) had their diagnosis confirmed [47].
There were three strong statistically significant predictors of death within 3
months —the performance score (as used in cancer studies), severe acidosis on
admission and the presence of bilateral ankle oedema. Even after controlling
for these three predictors, there was a more than twofold difference in deaths
between large and small hospitals, which raises worrying questions about the
service being offered [48].

The marked differences in the process of care between hospitals shown in
the above study are mirrored in other national audits of other conditions as
disparate as stroke [49], incontinence [50], and blood transfusions [51]. Pro-
fessionals are often unwilling to admit that the care they provide is anything
less than excellent —until faced with figures that tell a different story. Defining
target outcomes for COPD is clearly an important step forward, but those tar-
gets are unlikely to be attained if the processes of care within our hospital units
are so variable and so far below the optimal levels set out in management
guidelines.

COPD has been a Cinderella condition for many years —that is, one in
which the professions acknowledge the patients’ existence, but take little 
interest in their problems and provide even less in the way of health-care 
resources. Part of this has been due to the feeling that in part COPD is the pa-
tient’s fault —a self-inflicted disability due to their cigarette-smoking habit.
But society does not impose similar criticism on those who develop heart dis-
ease following over-indulgence in fatty foods. And even if it were possible for
cigarettes to be banned now, those with airflow limitation will still be with us
for many years and will still require treatment.

The last decade has witnessed a marked change. Firstly, it has been recog-
nized that even if the damage done cannot be reversed, the quality of life 
for COPD patients can be significantly improved and in some cases their 
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life expectancy can be improved too. Secondly, the research world has woken
up to the possibilities, and the burgeoning number of sessions allocated to
COPD at international meetings is evidence of the amount of new effort 
being devoted to the disease. And thirdly, the pharmaceutical industry has 
developed a range of products that are now of proven benefit —with more 
on the way.

We hope that those who read this book will be left with an enthusiasm that
COPD is not a ‘no-hope’ disorder. Much can and should be done that will ben-
efit not only the patients directly, but also their families and thus society. But if
we are to succeed, we need not only to recognize what can be done, but also to
put into place systems that ensure it really is done.
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