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Progressive breathlessness in COPD — The role
of hyperinflation and its pharmacological
management
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Summary Breathlessness, along with the associated inability to engage in normal
activity, is one of the most distressing symptoms for patients with chronic obstructive
pulmonary disease (COPD). If treatment for breathlessness is started early in the
disease, physical activity could, in theory, be improved or maintained; this may
slow the progression of symptoms towards disability and improve quality of life.
A significant cause of breathlessness in COPD is hyperinflation of the lungs due
to air trapping, which occurs largely as a result of airflow limitation. Regular
exercise reduces the respiratory demand of muscles and, by inference, the impact
of air trapping during less intensive activities. Moreover, although airflow limitation
in COPD is poorly responsive to anti-inflammatory drugs and less responsive to
bronchodilators than in asthma, bronchodilators are clinically proven to bring
perceivable symptom improvements in COPD. These improvements correlate with
improvements in air trapping indices, which can be significant even in the absence
of significant change in forced expiratory volume in 1 second (FEV1). The rationale
for treatment in COPD, therefore, differs to that for asthma. Understanding of the
pathophysiology of COPD improves our chances of achieving an effective intervention
with the hope of a better quality of life for patients.
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COPD — a treatable disease

With an estimated 600 million people afflicted
worldwide [1], and the prevalence set to increase,
chronic obstructive pulmonary disease (COPD) is
a common, progressively disabling disease that
is predicted to be the third leading cause of
death worldwide by 2020 [2]. Although the
impact of COPD on patients and health services
is considerable [3,4], many physicians take a
pessimistic view on the possibilities for effective
treatment, especially when compared with asthma,
a disease that is less of a burden and much better

Disease (GOLD), European Respiratory Society (ERS)
and American Thoracic Society (ATS), agree that
early treatment of COPD can make a considerable
difference to patients in terms of improved health-
related quality of life [5,6]. The single most
effective intervention is smoking cessation, which
can slow the progressive decline in lung function
characteristic of the disease [5,6]. Smoking leads
to an unfortunate chemical, behavioural and
social addiction, and although difficult, every
effort should be made to encourage all patients
(particularly those with symptoms of COPD) to
stop smoking. Guidelines and recommendations
understood.
This perception possibly stems from

inappropriate comparisons of COPD with
asthma. For example, the diagnostic criterion for
COPD—–poor forced expiratory volume in 1 second
(FEV1) that does not improve dramatically with
bronchodilators—–can give the impression that
bronchodilators do little to reduce the impact of
the disease, whereas in asthma FEV1 can usually
be returned to normal values [5,6].

are available for smoking cessation programmes
[5,6,8—10].

Other interventions have yet to be shown to
reduce the rate of decline in lung function.
However, they can considerably impact upon other
important treatment goals. Treatments such as
bronchodilators or pulmonary rehabilitation help
patients to regain and/or maintain levels of
activity that they might otherwise slowly lose
while adjusting to the symptoms of their disease
The concept of poor bronchodilator
responsiveness is misleading. Similarly, the

[11—14]. Thus, treatment presents an opportunity
to impact the deconditioning that occurs and
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ay otherwise result in premature disability
nd reduced quality of life. Appropriate and
arly intervention is, therefore, key to managing
OPD.

The objective of this review is to examine
he pathophysiology of COPD with particular
mphasis on the influence that lung hyperinflation
as on breathlessness (or dyspnoea), and the
echanism through which early treatment
ith bronchodilators, as recommended by
uidelines, can impact the disease through
educed hyperinflation.

arly diagnosis; early treatment

he characteristic symptoms of COPD are cough,
putum production, and breathlessness upon
xertion [5]. Effective initial treatment depends
pathological mechanisms of COPD, though fairly
well defined, are often mistakenly considered to
be similar to those of asthma, which in reality
has a very different pathological profile [7].
Thus, if the expectation is for COPD to respond
similarly to the same treatments as for asthma,
it is not surprising that disappointment follows.
Furthermore, knowing that smoking is the primary
cause of COPD in developed countries (burning
biomass fuel in poorly ventilated dwellings is
also a major concern in developing countries),
some physicians may be less sympathetic to
their patients’ circumstances and thus have less
patience or desire to treat COPD with the same
level of commitment as other illnesses — especially
if their attention is perceived to make little or no
difference to the disease.

Recognized authorities on COPD, such as the
Global Initiative for Chronic Obstructive Lung
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upon early diagnosis, particularly with a progressive
disease such as COPD, in which the underlying
damage starts to develop long before symptoms
are noticed by the patient [15]. Even when the
early symptoms of COPD are potentially discernable
by patients, they may dismiss their symptoms and
decline in fitness as an inevitable consequence
of ageing [16]. In these cases, patients adapt
their lifestyle to avoid more strenuous activities
whenever possible. This denial of symptoms may
continue for many years before patients present to
their general practitioners.

Ideally, screening programmes should be in place
in general practice to identify people with early-
stage COPD. Currently, depending on the local
situation, it may not be feasible or economically
possible to screen and monitor all smokers by
performing spirometry in general practice. To
address this problem, several groups have proposed
screening patients via a short symptom-based
questionnaire similar to those used to determine
the prevalence of COPD in the general population
[17—19]. These are currently being refined and
are undergoing validation. When completed, these
tools should help to identify patients requiring
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It is important, therefore, to encourage patients
to remain active in order to try to slow the
decline in activity and quality of life caused by
this avoidable vicious cycle. Treatments that help
patients remain active should prolong the time
before the disease becomes severely disabling,
thus maintaining patients’ quality of life for
longer.

The role of hyperinflation in
breathlessness

In order to consider appropriate treatment
options, it is helpful to understand the underlying
mechanisms of breathlessness. The sensation of
breathlessness is a complex interplay between
mechanical and chemical sensory processes and
higher interpretation or perception of these
senses [22,23]. The exact relationship between
physiological parameters and the global sensory
experience is unknown and appears to vary among
diseases. In COPD, however, most current theories
consider the disproportionate inspiratory effort
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urther COPD evaluation, including spirometry, and
llow more patients to begin treatment earlier in
he disease.

he importance of slowing the
rogression of breathlessness

hen patients do seek help, it may be because
heir breathlessness has become intolerable and
as a major impact on their daily lives. Early
n in the disease, breathlessness may only occur
uring more strenuous activities. Even at this
arly stage, however, patients’ quality of life
an be considerably reduced [20,21]. While the
xact cause of this reduction in quality of life is
nknown, it is possible that this is partly related to
daptation of lifestyle to avoid strenuous activity.
mportantly, the progression of breathlessness and
ssociated activity limitation can be accelerated
hrough a vicious cycle; limitation of activity (or
ctivity avoidance) causes muscular and aerobic
econditioning, which promotes breathlessness at
n even lower threshold of activity [5].

Eventually, as the disease progresses,
reathlessness becomes so severe that it
ecomes disabling [5]. The consequent inability
f patients adequately to perform daily activities
ithout exhaustion can cause social isolation and
epression, severely reducing quality of life.
ompared with the actual ventilation achieved
ith hyperinflated lungs as a key determinant
f breathlessness [24]. Hyperinflation of the
ungs causes an increased loading of inspiratory
uscles and alters the shape of the chest wall

nd diaphragm, which compromises the efficiency
f respiratory muscles due to suboptimal muscle
ength [24]. Hence, the respiratory muscles are
nable to translate increased motor drive signalled
rom the brain to an adequate inspiration. This
euroventilatory dissociation contributes to the
erception of breathlessness.

In normal lungs, the expiratory flow rate is
sually sufficient to allow the lungs to empty
o the volume of air normally remaining in the
ung at the end of expiration during spontaneous
reathing — the end-expiratory lung volume (EELV)
before beginning the next inspiration (Figure 1A)

25]. This is normally true even during periods
f increased rate of ventilation, such as during
xercise. In fact, during periods of increased
entilatory demand, tidal volume can expand
hrough both inhalation and exhalation of greater
olumes, thereby increasing the end-inspiratory
ung volume (EILV) and lowering EELV (Figure 1A)
24].

The elastic pressure exerted by the chest wall
nd lungs is a crucial component of breathing. If
ll respiratory muscles were relaxed, the normal
esting pressure of the lungs occurs when the
utward elastic recoil of the chest wall equals
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Figure 1 The change in lung volumes during exercise in healthy lungs (A) and COPD (B). TLC, total lung capacity; IC,
inspiratory capacity; EELV, end-expiratory lung volume; EILV, end-inspiratory lung volume.

the inward elastic recoil of the lungs [26,27].
As the lungs are inflated or deflated, the chest
wall and lungs behave differently; hence the
point of equilibrium between these two opposing
forces does not follow a linear relationship through
the range of volumes. As shown in Figure 2,
the volume—pressure relationship is an ‘S’-shaped
curve, where greater pressure (inspiratory muscle
force) is required to change volume at the extremes
of lung volume [27]. Superimposed on these points
of pressure equilibrium are the pressure/volume
loops for tidal breathing at rest (shaded areas)

and during exercise (unshaded areas). In healthy
lungs, the breathing cycle occurs on the more
linear part of the curve, both while at rest
as well as during exercise (Figure 2A). Hence,
pressure changes (breathing effort) are normally
efficiently converted to change in lung volume
[24].

The ventilatory dynamics in COPD are very
different because the restriction of expiratory flow
causes air to become trapped within the lungs
at the end of expiration [24,25,27]. In the early
stages of the disease, this occurs as a result

ral p
) are
Figure 2 The relationship between lung volume and pleu
cycles at rest (shaded area) and during exercise (open area
ressure in healthy lungs (A) and COPD (B). The breathing
shown. TLC, total lung capacity; IC, inspiratory capacity.
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of airflow limitation. Airway narrowing, combined
with increased ventilatory demand and increased
respiratory rate, may mean that exhalation cannot
be fully completed before the next inhalation
starts. The progressive air trapping that follows
is often referred to as ‘dynamic hyperinflation’.
In the later stages of the disease, this can be
compounded by static hyperinflation due, at least
in part, to irreversible structural changes such as
loss of alveolar tethering and bullae formation
or altered lung mechanics due to loss of lung
elasticity [27]. Although ‘static hyperinflation’ can
only be reduced by surgical intervention, such as
lung volume reduction surgery [28,29], ‘dynamic
hyperinflation’ can be reduced using interventions
that act to improve expiratory airflow — normally
bronchodilator therapy.

A degree of progressive air trapping can occur
in all obstructive lung diseases, though it is only
noticed in asthma during attacks or during exercise
[30,31]. Similarly, it may go unnoticed during
the early stages of COPD except during more
demanding physical activity when the respiratory
rate increases. The hyperinflation resulting from
air trapping forces the breathing cycle to operate
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TLC and the onset of intolerable breathlessness
(Figures 1B and 2B).

Pharmacological management of
hyperinflation

Although smoking cessation is the only proven way
to prevent the progressive decline in lung function
in COPD, cessation programmes have limited
success, even with use of pharmacological aids such
as bupropion or nicotine replacement products
[10,32,33]. Furthermore, although smoking
cessation programmes may have considerable
impact on individuals, it will be years before even
the most effective smoking cessation regimens
have an impact on mortality in the population [34].
In developing countries, smoke exposure due to
cooking over open fires is difficult to eradicate.
There remains, therefore, a need for other
interventions in COPD that deliver an immediate
benefit to keep patients active in their daily lives.
In addition, patients who feel better may feel well
enough to consider stopping smoking, providing
the potential for a positive feedback loop.
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t lung volumes closer to the total lung capacity
TLC), as indicated by a reduction in inspiratory
apacity (IC) (Figures 1B and 2B). At these higher
ung volumes, greater pressure changes (inspiratory
uscle force) are required for less return with

espect to volume change (Figure 2B). The
entilatory inefficiency from this neuroventilatory
issociation contributes to breathlessness, the
egree of which progressively increases with
reater dissociation between the inspiratory muscle
orce and the volume change. Eventually, this
entilatory inefficiency (and greater required
nspiratory muscle force) achieves a level at which
ntolerable breathlessness is experienced and the
atient needs to stop the activity. Intolerable
reathlessness will continue until the rate of
espiration is reduced (and, therefore, the degree
f air trapping) and the breathing cycle returns to
ung volumes below the threshold of intolerable
reathlessness.

Progressive air trapping can also occur even
hen patients are at rest, such as in more severe
OPD or during exacerbations of COPD. This is
artly due to the effect of more severe obstruction.
dditionally, however, patients with more severe
OPD often have increased rates of ventilation even
t rest, due to many factors such as poor gas
xchange [24]. Air trapping increases the volume
t which the breathing cycle operates until a new
quilibrium is restored. The result is that the
esting breathing cycle is moved closer to the
When considering the link between
yperinflation and breathlessness, a mechanistic
oal of COPD treatment constitutes lowering
he breathing cycle away from the onset of
ntolerable breathlessness (or indeed, any
egree of breathlessness). Regular exercise
raining, whether with a pulmonary rehabilitation
rogramme or independently, conditions the
uscles and reduces the ventilatory demand of

xercise [35]. In COPD patients, this increases
he degree of physical exertion tolerated before
ir trapping begins to drive lung volumes towards
nefficient magnitudes. As long as the patient
emains active, a positive cycle exists in that the
atient is capable of training at more demanding
hysical activity, thereby gaining greater benefit
rom rehabilitative training. In this respect,
mpressive improvements in exercise tolerance
nd reduction in activity-induced breathlessness
ave been obtained in clinical trials with intensive
ehabilitation exercise programmes [36]. Reduced
espiratory demand also underlies the rationale
or supplementary oxygen during activity in more
evere patients [37,38].

Another approach to reducing air trapping is
o reduce the impact of airflow limitation. In
ome patients, improvements have been achieved
hrough assisted ventilation by such methods
s breathing low viscosity air mixture (such as
eliox [39]) or by non-invasive positive pressure
entilation [40]. Pharmacological methods,
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Table 1 Inflammation in COPD and asthma.

COPD Asthma

Inflammatory cells Neutrophils Marked eosinophils (ED2+,
degranulated)

Mild eosinophilia (not degranulated) Mast cells
Predominantly CD3, CD8 (Tc), CD68,
CD25, VLA-1 and HLA-DR +ve

Predominantly CD3, CD4 (Th2),
CD25 (IL-2R) +ve

Macrophages ++ Macrophages +

Inflammatory mediators
and cytokines

LTB4, TNF-� LTB4, histamine
IL-8, GRO-�, GM-CSF protein ± IL-4
but not IL-5

IL-4, IL-5 gene expression
(Th2 profile), IL-13
Eotaxin, RANTES

Oxidative stress +++ Oxidative stress +

Inflammatory effects Peripheral airways All airways
Fibrosis ++ Fibrosis +
Parenchymal destruction No parenchymal involvement
Airway hyperresponsiveness ± Airway hyperresponsiveness +++
Epithelial metaplasia Epithelial shedding
Bronchial smooth muscle enlarged
mass (small airways)

Enlarged mass (large airways)

Basement membrane
variable/normal

Basement membrane hyaline +
thickened

Mucus cell metaplasia/hyperplasia Mucus cell metaplasia (debated)
Mucus secretion +++ Mucus secretion +

Response to
corticosteroids

± +++

LT, leukotriene; IL, interleukin; TNF, tumour necrosis factor; Tc, cytotoxic T-cell; Th2, T-helper type 2; Adapted from: Barnes P.
Chest 2000;117(2):10S—14S; Jeffery P. Chest 2000;117(5):251S—260S.

however, aim to reduce the airflow limitation
without external apparatus.

Multiple components (both reversible and
irreversible) contribute to the airflow limitation
in COPD. Progressive and irreversible structural
changes in small airways and parenchymal tissue,
which reduces the elastic recoil of the lung,
are caused by inflammation. Although COPD
and asthma are both chronic inflammatory lung
diseases, there are fundamental differences in
their pathology (Table 1) [7,41]. These differences
have implications for responsiveness to drug
treatment; in particular, the inflammation in COPD
is largely not responsive to steroid treatment
[42]. Hence, guidelines recommend the use of
inhaled steroids only in COPD patients with severe
(FEV1 <50% predicted) disease with repeated
exacerbations requiring treatment with oral
steroids or antibiotics [5,6]. This is in contrast to
asthma, where inhaled steroids are the mainstay
of treatment to control the disease, but still do
not affect the disease outcome [43].

Central to treatment of COPD is bronchodilator
therapy. This may seem paradoxical, considering
the use of FEV1 reversibility testing as the

basis for the differential diagnosis of COPD from
asthma. However, guidelines recognise that these
drugs improve airflow, reduce breathlessness,
reduce exacerbations and improve health status,
and so recommend bronchodilators as first-line
maintenance therapy [5,6].

The rationale for bronchodilator use in COPD
differs from that in asthma. Airway obstruction
in asthma is largely due to acute, reversible
bronchospasm resulting from various stimuli. In
contrast, acute bronchospasm does not have a
major role in COPD, in which the pathology that
underlies airway obstruction is largely irreversible.
There is, nevertheless, a reversible component of
airway obstruction — basal tone in airway smooth
muscle due to cholinergic stimulation of the vagus
nerve [44].

Basal tone exists in both normal airways
and the airways of patients with COPD.
The bronchoconstrictive effect is, however,
disproportionate in the COPD airway because of
the geometry of the already narrowed airways
[44,45]. Similarly, relaxation of basal tone by
bronchodilators in COPD can make a considerable
difference in COPD, even when the resulting
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change in FEV1 may be modest in comparison
with that achieved in asthma. All classes of
bronchodilator relax basal tone, although the
duration and magnitude of effect can differ by
treatment, as do specific mechanisms of action.

Anticholinergics specifically block cholinergic
stimulation from the vagus nerve, whereas beta-
agonists and theophylline act on the smooth
muscle. Studies have shown that combining
bronchodilators from different classes can
provide additive effects compared with the
single agents alone [46—50]. Furthermore,
combining bronchodilator therapy with pulmonary
rehabilitation can yield significantly greater
improvements in exercise endurance time,
presumably due to the ability to train at a higher
intensity of exercise [51]. Therefore, guidelines
recommend optimisation of bronchodilation
before turning to other agents such as inhaled
corticosteroids [5,6]. Assessment of the efficacy of
bronchodilators in individual patients should not
be based solely on spirometric flow parameters,
however, since bronchodilators significantly
improve parameters of hyperinflation, and where
measured, breathlessness, exercise tolerance and
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patients with regular symptoms, inhalation of
short-acting bronchodilators as needed is currently
recommended in earlier stage COPD [5,6]. Vigilant
monitoring of patients’ use of short-acting
medications and probing for early signs of reduced
activity may help uncover patients who could
benefit from earlier intervention (include smoking
cessation, long-acting bronchodilator therapy and
encouragement to maintain activity). There is
increasing debate about earlier intervention with
maintenance therapy for COPD patients, and more
research is required to determine the merits of
such a strategy. What is clear, however, is that
optimised bronchodilator therapy is effective
in reducing symptoms, increasing tolerance to
activity, reducing exacerbations and improving
quality of life in COPD — the major goals of COPD
treatment.

Summary

COPD is a treatable and preventable disease,
and an understanding of the pathophysiology
increases our chances of achieving effective
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ealth-related quality of life, with or without
ignificant improvements in FEV1 [11—13,52—56].
ence, response to bronchodilators is best
easured by improvements in those parameters

hat are perceivable by the patient.
Guidelines suggest that long-acting

ronchodilators are the most effective
nd convenient option for maintenance
harmacotherapy in patients with regular
ymptoms [5,6]. There are two classes of long-
cting inhaled agents: anticholinergics, which
urrently only comprise the 24-hour-acting agent
iotropium, and the long-acting beta-agonists
almeterol and formoterol. Both classes of agents
ave been shown to reduce breathlessness at
est and during exercise, and to increase exercise
ndurance time in patients with moderate—severe
OPD [12,13,57]. These improvements correlated
losely with parameters of hyperinflation [12,13].
n fact, change in resting IC has consistently
een found to be the spirometric parameter that
orrelates best with improved breathlessness
uring exertion and increased exercise endurance
imes, supporting a reduction in air trapping
s the mechanism by which bronchodilators
mprove symptoms in COPD [11—13]. For example,
iotropium has been shown to reduce IC significantly
ver 24 hours, both at rest and during exercise
12,55].

While guidelines recommend long-acting
ronchodilators for maintenance therapy in
ntervention and improving our patients’ quality
f life. Air trapping and breathlessness are
allmarks of COPD, and represent the most
reatable components of this illness. Treatment
ith effective bronchodilators can bring about

ignificant improvements, both in terms of lung
echanics and, more importantly, in terms of
erceived outcomes, such as breathlessness,
ctivity levels and, ultimately, quality of life.
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