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Summary The cardinal symptom of both asthma and COPD is dyspnoea, and
from a patient perspective, the most troublesome. There are a multitude of inputs
to the sensation of dyspnoea, few of which are readily modifiable. The level of
inspiratory muscle work contributes to the sense of respiratory muscle effort and
thence dyspnoea. Inspiratory muscle work is elevated in patients with COPD and
asthma due to hyperinflation and an increased ventilatory requirement for exercise.
Treatment tends to concentrate on reducing the load upon the inspiratory muscles
induced by hyperinflation. Bronchodilators are the mainstay of treatment for COPD
and asthma; they reduce hyperinflation, inspiratory muscle loading and dyspnoea. In
addition, programmes of pulmonary rehabilitation have an excellent evidence base
for improving dyspnoea, exercise tolerance and quality of life. However, provision
within the NHS is limited and not all patients are suitable. One component of
pulmonary rehabilitation that can be implemented safely in a home-based setting
is specific inspiratory muscle training (IMT). There is a strong theoretical rationale
for IMT in patients with airway obstruction, which is also supported by empirical
evidence. IMT offers a relatively accessible non-pharmacological treatment for
dyspnoea that also improves exercise tolerance and quality of life.
© 2005 General Practice Airways Group. Published by Elsevier Ltd. All rights
reserved.
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Introduction

Dyspnoea, exercise limitation and reduced quality
of life are common features of obstructive
pulmonary disease. Dyspnoea induces a progressive
downward spiral that starts with physical inactivity.
The resulting deconditioning can provoke social
isolation, fear of dyspnoea and depression [1].
The multifactorial aetiology of dyspnoea has made
it a ‘difficult nut to crack’ pharmacologically,
but there is now a convincing body of evidence
that structured programmes of physical exercise
(rehabilitation) reduce dyspnoea, improve exercise
tolerance, and enhance quality of life. This review
will consider the pathophysiology of dyspnoea
by focussing upon the role of inspiratory muscle
function and ventilatory work in its genesis. It will
also take a pragmatic view of the role of exercise
training in the management of dyspnoea.

Pathophysiology of dyspnoea

Sense of respiratory effort contributes to exercise
limitation in both healthy people and patients with
respiratory disease [2]. To date, the only unifying
hypothesis put forward to explain the mechanistic
basis of dyspnoea is that proposed by Moran
Campbell’s group in the 1960s. Campbell coined
the term ‘length-tension inappropriateness’ (LTI)
to explain how the sensation of dyspnoea might be
‘transduced’ to consciousness [3]. Campbell argued
that human beings have a quantitative, conscious
appreciation of the degree of effort associated
with breathing, and that dissociation or a mismatch
between the central respiratory motor activity and
the mechanical response of the respiratory system
may produce a sensation of respiratory discomfort
(dyspnoea). More recently, the LTI paradigm has
been generalised to include not only afferent
sensory inputs from respiratory muscles, but
information emanating from receptors throughout
the respiratory system [4]. When viewed in the
context of the LTI paradigm, the role of respiratory
muscle function and respiratory muscle work in
the perception of dyspnoea becomes intuitively
predictable in both respiratory patients and
healthy people. Thus, the intensity of dyspnoea
is increased when changes in respiratory muscle

length (i.e., volume) or tension (i.e., pressure) are
inappropriate for the outgoing motor command,
or when the requirement for respiratory work
becomes excessive. These conditions prevail
in obstructive lung disease, where alterations
in inspiratory muscle function and respiratory
mechanics disturb the normal inter-relationship
of motor outflow and the mechanical response to
that outflow, creating inappropriateness. Similarly,
physical deconditioning, inefficient breathing
patterns, and gas exchange abnormalities, increase
the ventilatory requirement for exercise, creating
a high demand for respiratory muscle work. These
conditions create a debilitating two-fold effect.

Suffice to say, Campbell’s theory has not gone
untested, and there have been a great many papers
published in the intervening 40 years that have
interrogated the neurophysiological credibility of
the LTI paradigm. The LTI paradigm has largely
stood the test of time and experimental scrutiny,
and the reader is referred to McConnell and Romer
[5] for a more detailed critique of this literature,
which is beyond the scope of the current review.

There are two main factors that influence
the magnitude of outgoing motor drive to
the inspiratory muscles, and thence dyspnoeic
sensation (respiratory effort sensation).

(1) the strength of the inspiratory muscles (their
capacity to generate inspiratory pressure)

(2) the demand for inspiratory muscle work (the
load placed on the inspiratory muscles)

Factors that reduce the strength (capacity) of
the inspiratory muscles increase the magnitude of
the motor drive required to generate a given change
in lung volume, e.g., muscle fatigue (reduction
in muscle strength that is reversible by rest).
Similarly, motor drive is increased by factors
that increase the demand for inspiratory muscle
force, e.g., an increased ventilatory demand.
It is important to appreciate that the intensity
of dyspnoea is not completely explained by the
magnitude of outgoing inspiratory motor drive.
The quality of breathlessness is modulated by
inputs from other receptors (chemoreceptors, C-
fibres) [6]. However, there is no doubt that the
magnitude of inspiratory motor drive plays a major
role in determining the intensity of dyspnoea [7] in
patients with COPD and asthma.
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188 A.K. McConnell

Figure 1 Comparison of the response of the exercise tidal flow volume in a person with asthma (solid lines), compared
with that predicted for someone with normal lungs (dashed lines). Note that in the presence of expiratory flow
limitation, the person with asthma must encroach upon their inspiratory capacity in order to increase minute ventilation
(flow volume loop shifts to the left and end expiratory lung volume (EELV) increases). The person with normal lungs is
able to increase minute ventilation by utilising both their inspiratory and expiratory reserve volumes (EELV decreases).
The inset illustrates the length—tension relationship of the inspiratory muscles showing that as lung volume increases
(as occurs in hyperinflation), the inspiratory muscles become weaker.

The single most important factor contributing
to an increased requirement for inspiratory motor
drive in COPD and asthma is likely to be the
dynamic hyperinflation generated by expiratory
flow limitation [8]. Figure 1 illustrates how
expiratory flow limitation and premature airway
closure stimulate an adaptive response that shifts
the tidal flow loop towards total lung capacity
(TLC), increasing end expiratory lung volume
(EELV). Hyperinflation affects both the capacity of
the inspiratory muscles to generate pressure (see
inset of Figure 1), and the demands placed upon
them for inspiratory pressure generation. Although
dynamic hyperinflation serves to maximise tidal
expiratory flow under conditions of expiratory flow
limitation (by moving the tidal flow loop away from
the maximum envelope), there is a requirement
to breathe at higher ranges of the total lung
capacity (reducing inspiratory capacity) where the
elastic load presented to the inspiratory muscles
by the lungs and chest wall is higher. This creates
a ‘restrictive’ ventilatory deficit. Hyperinflation
and/or expiratory flow limitation also exacerbate
inspiratory muscle loading in a number of further
ways:

• by inducing functional weakening of the
inspiratory muscles (see inset to Figure 1:
diaphragm geometry is altered through
foreshortening, which moves the inspiratory
muscles to a weaker portion of their length-
tension relationship).

• by forcing inspiratory time to shorten (to allow
more time for expiration, which moves the
inspiratory muscles to a weaker portion of
their force-velocity relationship [the faster a
muscle contracts, the lower its force generating
capacity]).

• by generating positive end expiratory pressure
(PEEP — expiration ends before all of the
forces acting on the lung are in equillibrium, so
inspiration is initiated under a positive expiratory
load).

Table 1 summarises the [obstructive] disease-
related factors that influence the strength of
the inspiratory muscles and the demand for
inspiratory muscle work. All of these factors are
potentially modifiable: through pharmacotherapy
(P) to reduce airway obstruction and hyperinflation;
through physical exercise training (PET) to reduce
the demand for ventilation; or through specific
inspiratory muscle training (IMT) to increase the
capacity of the inspiratory muscles to generate and
sustain inspiratory activity.

The fundamental nature of the contribution
made by inspiratory muscle function to the
sensation of dyspnoea should make these muscles
an obvious target for therapy. Indeed, this
is to some extent the case, because routine
pharmacotherapy in patients with airway
obstruction is designed to minimise obstruction,
and hence the load placed on the inspiratory
muscles due to hyperinflation and increased flow
resistance.
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Table 1 Disease-related factors that influence the magnitude of outgoing motor drive to the inspiratory muscles
(IMT = inspiratory muscle training; PET = physical exercise training; P = pharmacological). See text for further
explanation of each factor.

Inspiratory muscle strength Inspiratory muscle work

Primary weakness (IMT) Ventilatory requirement of the exercise (PET)
Length-tension relationship (IMT) Degree of flow resistance (P)
Force-velocity relationship (IMT) Degree of hyperinflation (P)
Fatigue resistance (IMT) Positive end expiratory pressure (P)

The following sections will describe the
condition of the inspiratory muscles, and the
mechanical repercussions of COPD and asthma.
The final sections will take a pragmatic view of the
potential role of physical exercise training (PET)
and specific inspiratory muscle training (IMT) in
the management of patients with obstructive lung
disease.

The inspiratory muscles in COPD

The hallmark of COPD is expiratory flow limitation,
which results from reduced lung recoil and
airway tethering in addition to intrinsic airway
narrowing. Whilst the most obvious mechanical
defect is obstruction during expiration, the most
important mechanical and sensory consequences
are upon inspiration. Incomplete lung emptying
during airways obstruction results in dynamic lung
hyperinflation and its attendant consequences for
the inspiratory muscles (see Figure 1).

Treatments that reduce hyperinflation have
been shown to reduce dyspnoea significantly, e.g.,
bronchodilators [9], lung volume reduction surgery
[10], and continuous positive airway pressure
(CPAP) [11]. Thus, there is clear evidence that
dyspnoea can be alleviated by reducing the load
placed upon the inspiratory muscles. The important
question is; how best to achieve this in a care
system with finite resources?

Patients with COPD frequently have inspiratory
muscle dysfunction, exhibiting weakness and
reduced endurance [12]. However, there is
also seemingly contradictory evidence that the
inspiratory muscles of patients with COPD undergo
a training adaptation in response to the chronic
inspiratory loading conditions accompanying the
disease [13]. The healthy diaphragm is composed
predominantly of two types of muscles fibres;
one with high endurance, but low power (Type I,
45%), and the other with low endurance, but high
power (Type II, 55%). Patients with long-standing
COPD have an abnormally high proportion of the
former (Type I, 64%; Type II, 36%), which is an

adaptive response to continuous inspiratory muscle
loading [13]. Patients with COPD are well adapted
to generating low flow rates for long periods
of time (such as at rest), but this adaptation
robs them of the ability to generate the high
pressures and flow rates required during exercise.
In the same way that marathon runners cannot
match the pace of sprinters or middle distance
runners over short distances, patients with COPD
cannot attain high levels of exercise hyperpnoea.
Indeed, the adaptations described above do not
appear to protect the inspiratory muscles of
COPD patients from exercise-induced fatigue [14].
This is probably a function of the lower force-
generating capacity of the inspiratory muscles in
COPD [12], which requires the muscle to work at a
greater proportion of its maximum capacity during
exercise.

The demand for exercise ventilation in patients
with COPD is elevated by their deconditioned state,
their inefficient breathing pattern, and their gas
exchange impairment. Deconditioning leads to a
premature reliance upon anaerobic metabolism,
which evokes a respiratory compensation for
the resulting metabolic acidosis. The tachypnoeic
breathing pattern increases the dead space/tidal
volume ratio, which reduces alveolar ventilation
and results in an increased requirement for minute
ventilation. Gas exchange impairments contribute
to an increased ventilatory requirement via the
stimulation of chemoreceptors by the resulting
hypercapnia and hypoxaemia.

Thus, the available evidence supports the notion
that patients with COPD not only have relatively
weak, fatigue-prone inspiratory muscles, but that
they also have an increased demand for ventilatory
work during exertion. The latter stems from the
direct effects of hyperinflation upon respiratory
mechanics, as well as an elevated demand for
minute ventilation. All of these impairments to
exercise tolerance can be alleviated by non-
pharmacological interventions that strengthen the
inspiratory muscles and/or reduce the ventilatory
requirement (see Management of dyspnoea,
below).
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The inspiratory muscles in asthma

The mechanical abnormalities in patients with
asthma mimic closely those described in COPD;
however, there are important differences. For
example, there is less reduction in static lung
recoil pressure and more widespread intrathoracic
airway narrowing in asthma [15]. In addition, the
increased airway collapsibility in patients with
COPD is not seen in asthmatics. Finally, the
reversible nature of airways obstruction in asthma
results in relatively short-lived periods of stress
upon the inspiratory muscles, which undoubtedly
influences their capacity to adapt, as they appear
to in patients with chronic pulmonary disease
[13].

There is no clear consensus regarding the
strength of the inspiratory muscles in patients
with asthma compared to healthy people, but it
is universally accepted that bronchoconstriction-
induced hyperinflation is associated with a
functional deficit in inspiratory muscle strength
(see inset of Figure 1) [16]. As is the case in
COPD, the major mechanical consequences of
airway narrowing are increased flow resistive
work, increased elastic work and PEEP (resulting
from dynamic lung hyperinflation), as well
as reduced dynamic lung compliance [17,18].
Lougheed et al. [19] used methacholine-
induced bronchoconstriction to examine the
interrelationship between bonchoconstriction,
hyperinflation and dyspnoea. Multiple regression
analysis indicated that change in inspiratory
capacity (an index of dynamic hyperinflation) was
the most powerful predictor of dyspnoea during
bronchoconstriction, accounting for 74% of the
variance in perceptual ratings. These observations
are supported by more recent evidence confirming
that hyperinflation is a major determinant of
dyspnoea in patients with asthma [20].

As is the case in COPD, the mechanical changes
associated with bronchoconstriction most likely
increase the intensity of dyspnoea via their
effect upon the magnitude of inspiratory motor
drive. Experimental support for this suggestion
has come from Bellofiore et al. [21] who found
that the strongest determinant of dyspnoea
during methacholine-induced bronchoconstriction
was respiratory motor drive (P0.1 — mouth
occlusion pressure), which explained 82% of
the total variance in dyspnoea. Most recently,
Binks et al. [22] reported that institution of
mechanical ventilation during methacholine-
induced bronchoconstriction and hyperinflation
significantly reduced ratings of ‘effort to breathe’
in mild asthmatics.

In common with patients who have COPD, the
aerobic fitness of patients with asthma is also
generally low [23]. It is therefore likely that
poor aerobic conditioning also contributes to an
increased ventilatory requirement, exacerbating
the demands placed upon the inspiratory muscles
during exercise.

It is important to appreciate that patients with
asthma do not experience bronchoconstriction as
a single sensation. Airway narrowing is associated
with sensations of both increased respiratory
effort (load) and chest tightness, which are
distinct from one another [24], and are probably
transduced by different receptors [25]. However,
the sensation that has been linked to exercise
intolerance is respiratory effort, which suggests
that this should be the focus of therapeutic
interventions. As is the case in patients with COPD,
the increased demand for inspiratory muscle work
in patients with asthma can be alleviated by non-
pharmacological interventions that strengthen the
inspiratory muscles and/or reduce the ventilatory
requirement (see below).

Management of dyspnoea: exercise and
inspiratory muscle training

COPD

Therapeutic interventions that reduce operational
lung volumes during exercise, either by improving
lung emptying, or by reducing ventilatory demand
(which delays the rate of dynamic hyperinflation),
result in clinically meaningful improvement of
exercise endurance and symptoms in disabled COPD
patients [8]. Currently, the evidence-based options
available to achieve improved lung emptying are
bronchodilators, lung volume reduction surgery
(LVRS) and continuous positive airway pressure
(CPAP). The GOLD committee recommendations
propose a stepwise approach to treatment based
upon disease severity [26]. For all but stage III
(severe) patients the only treatment recommended
for improved lung emptying is bronchodilators. For
patients at or above stage II (mild), the committee
also recommends rehabilitation, which reduces
ventilatory demand.

There is now overwhelming evidence that
structured programmes of physical exercise
(rehabilitation) reduce breathlessness and improve
quality of life in patients with COPD. This is
reflected in the recommendations of the latest
NICE guidelines for management of COPD, which
state that pulmonary rehabilitation ‘should be
made available to all appropriate patients’. The

Copyright General Practice Airways Group

Reproduction prohibited



The role of inspiratory muscle function and training in the genesis of dyspnoea in asthma and COPD 191

benefit of the exercise component of rehabilitation
programmes is derived largely from the reduction
in the ventilatory demand that physical training
evokes [27]. This not only reduces the total demand
on the inspiratory muscles, but also the degree of
hyperinflation that exercise induces.

However, a British Thoracic Society survey [28]
on pulmonary rehabilitation provision in the UK
concluded that only 1.7% of the COPD patients
who could benefit from pulmonary rehabilitation
actually have access to it. Furthermore, although
pulmonary rehabilitation is strongly recommended
for patients with COPD, it is not always practical.
Many patients with COPD have co-morbidities that
render them unable to walk, including recent
myocardial infarction and unstable angina.

Thus, despite the strong evidence base for
exercise, the practicalities dictate that the
mainstay of dyspnoea management of COPD
patients remains bronchodilators. The other
treatment options for reducing the load on
the inspiratory muscles, whilst effective, are
expensive (LVRS, CPAP) and not always available
(e.g., rehabilitation programmes). This being the
case, it is reasonable to turn to the other side of
the capacity/demand equation and to consider the
option of increasing the ability of the inspiratory
muscles to tolerate the increased load to which
they are subjected. This can be achieved by
specific resistance training to enhance the strength
and fatigue-resistance of the inspiratory muscles.

Specific inspiratory muscle training (IMT) can
be applied either in combination with physical
exercise, or as an independent intervention. IMT
has also been applied very successfully in a home-
based setting. Once a controversial treatment,
IMT has now achieved a good evidence base,
particularly in patients with COPD. The NICE
COPD guidelines cite the conclusions of a meta-
analysis on the effects of IMT in patients with
COPD; Lotters et al. [29] examined 15 studies,
seven of which incorporated measures of dyspnoea.
Studies included in the analysis used randomised
controlled trials and set training loads ≥30% of
the maximum strength of the inspiratory muscles
in the treatment group. The effect sizes for
changes in dyspnoea during exercise and daily
activities (assessed using Baseline and Transition
Dyspnoea Indexes [BDI and TDI] — [30]) were
statistically significant and the largest of any of
the outcomes assessed. These findings add support
to the earlier recommendations of the joint panel
of the American College of Chest Physicians and
the American Association of Cardiovascular and
Pulmonary Rehabilitation [31]. In their appraisal
of IMT, the ACCP/AACVPR considered not only

physiological responses to IMT (e.g., respiratory
muscle strength and lung function), but also
clinical outcomes such as dyspnoea and exercise
capacity. They concluded that in studies where
inspiratory muscle strength was increased with
training there was evidence to support a significant
reduction in dyspnoea. Of the eight randomised
and controlled studies of IMT that were reviewed
by the AACP/AACVPR, three studies measured
dyspnoea [32—34]; of these, two studies reported
significant correlations between the improvement
in inspiratory muscle strength and the improvement
in dyspnoea ratings after IMT.

More recent studies provide further evidence
that an increase in inspiratory muscle strength
with IMT ameliorates respiratory effort sensations
in patients with COPD. In these studies dyspnoea
was quantified either during exercise [35—37],
in response to a loaded breathing task [38,39],
using the BDI/TDI [37,40], or using the Chronic
Respiratory Disease Questionnaire (CRDQ) [39]. All
of these studies reported significant improvements
in inspiratory muscle strength and respiratory effort
sensation post-IMT. Furthermore, in those studies
where post-IMT changes in exercise tolerance were
assessed, most found a significant improvement
[35,36,38—40].

Collectively, the literature supports the
theoretical rationale for IMT in patients with COPD,
i.e., by increasing the capacity of the inspiratory
muscles to generate force, the magnitude of
inspiratory motor drive may be correspondingly
reduced. Numerous controlled studies have now
shown that dyspnoea is ameliorated following
IMT. The statistically significant correlations
between increases in inspiratory muscle strength
and reductions in respiratory effort sensations
observed in some studies [32,33] lend support to a
causal link between these two factors.

Asthma

The role of rehabilitation in the management of
asthma has received relatively little attention
compared with the plethora of studies in COPD.
Notwithstanding this, there is published evidence
that exercise training reduces dyspnoea and
improves aerobic fitness [41,42]. The role of
exercise in improving quality of life and lung
function in patients with asthma remains unclear
[42]. The role of exercise in the management of
asthma is complicated by the fact that intense
exercise is a potent trigger of bronchoconstriction
in around 90% of people with asthma [43]. Despite
the fact that this response is readily managed using
bronchodilators and/or inhaled corticosteroids
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[44], there is considerable reluctance on the part
of many people with asthma to expose themselves
to the risk (as they perceive it) of exercise [45].
This is reflected in the generally low levels of
aerobic fitness reported in patients with asthma
[23], and gives cause for concern with respect to
the long-term health of children with the condition.

A notable feature of airway obstruction in
asthma is the large inter-subject variation in the
intensity of dyspnoea for a given fall in FEV1
[19]. Furthermore, recent evidence suggests that
women experience higher levels of dyspnoea [46],
poorer quality of life and more frequent hospital
admission [47] than men. Weiner and colleagues
[48] reasoned that this might be partially explained
by the fact that women have weaker inspiratory
muscles than men. Accordingly, the influence
of gender and inspiratory muscle strength was
examined by comparing the inspiratory muscle
strength, perception of dyspnoea to threshold
loads, and bronchodilator consumption of 22
male and 22 female asthmatic patients with
mild-to-moderate bronchoconstriction (FEV1 > 60%
of predicted) [47]. For the same FEV1 (% of
predicted), the women had significantly weaker
inspiratory muscles, whilst dyspnoea and �2-
agoninst consumption were significantly higher than
in the men. The women were divided into two
groups; half received IMT, the remainder received
sham-training. After 20 weeks of IMT that equalised
their inspiratory muscle strength with that of the
men (+42%), dyspnoea and �2-agonist consumption
of the women in the IMT group decreased compared
with the placebo group and were no longer different
compared with the men. These findings support a
role for the absolute strength of the inspiratory
muscles in determining the intensity of dyspnoea.

In another study, Weiner and colleagues
confirmed the strong interrelationship between
inspiratory muscle strength, dyspnoea and
bronchodilator consumption [48]. Although they
observed no correlation between baseline measures
of inspiratory muscle strength and intensity of
dyspnoea in their sample of 30 patients, they
observed a highly significant correlation between
change in inspiratory muscle strength and change
in the intensity of dyspnoea following IMT. Indeed,
93% of the variance in dyspnoea was accounted for
by the improvement in inspiratory muscle strength.

An impressive feature of studies of IMT in
patients with asthma is the reduction in �2-agonist
consumption that accompanies IMT. In the three
studies from Weiner’s group, this reduction has
ranged from 38% to 78%, being greatest in those
with the highest baseline consumption [49,47,50].
Thus, IMT appears to be particularly helpful for

patients with high levels of dyspnoea and �2-agonist
consumption.

However, a note of caution is warranted at
this point, because there are a small group of
patients with asthma for whom further reductions
in the intensity of dyspnoea sensation may be
life threatening. According to one study, around
26% of patients with asthma have abnormally low
perceptions of dyspnoea [51]; this was associated
with low consumption of medication, increased
emergency department visits, hospitalizations,
near-fatal asthma attacks, and deaths during
follow-up [51]. A second study confirmed the
association between near fatal asthma and low
perceptions of dyspnoea, as well as blunted hypoxic
sensitivity [52]. It would therefore be inappropriate
to implement IMT in this sub-group. However,
available evidence suggests that patients with
normal or high sensation of dyspnoea do not become
desensitised to bronchoconstriction following IMT.
Weiner et al. [50] noted that IMT did not result in
exaggerated ablation of dyspnoea, and concluded
that IMT was safe, at least for use in patients
with mild asthma. Further research is required to
identify those patients with asthma who are likely
to derive the greatest benefit from IMT.

Thus, for patients with high perception of
dyspnoea, high consumption of medication, low
levels of physical activity, and mild asthma, IMT
may offer the rare combination of an intervention
that improves quality of life, whilst simultaneously
reducing consumption of medication.

A practical guide to IMT

Successful outcomes of IMT have most commonly
employed a technique of inspiratory muscle
strength training known as pressure threshold
training [29,38,48,50,53—56]. In pressure threshold
IMT the user breathes in against a spring-loaded
valve. The load (or weight) of the valve can be
adjusted to accommodate a wide range of starting
abilities, as well as the rapid improvements in
strength that accompany training. Increases in
strength of 25—40% are achievable within 4—6
weeks [38,48,50,53—57]. The training programme
is simple, can be conducted in the patients’ own
home and with a minimal imposition upon their
daily lives. A typical training programme consists of
30 breaths twice daily; this takes about 3 minutes
per session (once in the morning and once in
the evening) [56,57]. Because the intra-thoracic
pressures that are generated are negative, the
technique is very safe, and no adverse events have
been reported to date.
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Conclusions

Dyspnoea is a complex, multifaceted symptom, but
one whose mechanistic underpinnings appear
to be best encapsulated in Campbell’s LTI
paradigm. Based on this paradigm, intensification
of dyspnoea in obstructive pulmonary disease
can be explained mechanistically by alterations
in respiratory mechanics, and the corresponding
‘inappropriateness’ of the respiratory motor
outflow. Acute and chronic improvements in the
contractile properties of the respiratory muscles
lead to reductions in the severity of exertional
dyspnoea, most likely by reducing the level of
inspiratory motor outflow. The mechanical and
perceptual consequences of obstructive pulmonary
disease provide a strong theoretical rationale for
inspiratory muscle strengthening in patients with
COPD and asthma.

The available evidence strongly supports the
role of exercise training in the management of
patients with COPD, although further research is
required to assess its role in the management of
asthma. The huge under-provision of rehabilitation
services within the NHS means that the vast
majority of COPD and asthma patients cannot
access these services. Accordingly, IMT can be
viewed as a relatively accessible, evidence-based
component of rehabilitation programmes, that
reduces dyspnoea, improves exercise tolerance and
enhances quality of life in patients with COPD. IMT
is also suitable for treating asthma patients with
high perceptions of dyspnoea and high consumption
of medication.
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