
CORRESPONDENCE

Inspiratory muscle training as a tool for the management of patients
with COPD

To the Editors:

We have been compelled to write to you in response to the
editorial by POLKEY and MOXHAM [1] published in the
European Respiratory Journal. In their editorial, the authors
argue that there is still insufficient evidence to justify the use
of inspiratory muscle training (IMT) in patients with chronic
obstructive pulmonary disease (COPD). In contrast, we
believe that there is a growing evidence base that favours
the use of IMT in the overall management of patients with
COPD.

POLKEY and MOXHAM [1] argue that studies of IMT should
assess efficacy based upon "functionally worthwhile" out-
comes. This is a good point, but it appears to be contradicted
in their closing paragraph, when they refer specifically to the
work of one of us [2]. A 50–60 m improvement in walking
performance is dismissed on the basis that it was not accom-
panied by an improvement in inspiratory muscle function
measured using a nonvolitional test of diaphragm function
(Pdi,tw). We are bound to ask which is the most "functionally
worthwhile" outcome: an improvement in walking distance or
an improvement in the performance of one, albeit major,
inspiratory muscle?

What is most surprising is the authors9 enthusiasm for a
test (Pdi,tw) that they themselves have shown to be so
unreliable and that two of us have had cause to criticise it in
the past [3]. Data from the authors9 own group have shown
that the within-subject, between-day reliability of Pdi,tw is
extremely poor, requiring 234 subjects to detect a 10% effect
with 0.8 power, at an alpha level of 0.05 [3]. We think that
most people would agree that this technique is too unreliable
to be useful in any study with a repeated measures design.
Furthermore, the functional relevance of Pdi,tw is also very
questionable, since it completely disregards the contribution
made by intercostals and other inspiratory accessory muscles.
Here again, the authors9 own group have made some relevant
offerings. First, KYROUSSIS et al. [4] observed a predominance
of ribcage contribution to breathing (over diaphragm) during
walking, to the point of intolerable dyspnoea in patients with
COPD. The implications of this pattern of recruitment are
illustrated by the findings of KYROUSSIS et al. [5] who demon-
strated that, after exhaustive exercise in patients with COPD,
there was a slowing of the maximum rate of relaxation of
the oesophageal pressure response to a submaximal sniff. In
the absence of any evidence of diaphragm fatigue, which the
authors insist does not occur, one interpretation of this
finding is that exercise precipitated inspiratory accessory
muscle fatigue. Furthermore, when POLKEY et al. [6] unloaded
the inspiratory muscles of COPD patients during exercise
(using mechanical ventilation), they noted an attenuation of
the slowing of the maximum relaxation rate of oesophageal
pressure. One interpretation of this observation is that the
inspiratory accessory muscles may be a site of exercise limita-
tion in patients with COPD. Since this and other evidence
points to an important role for inspiratory accessory muscles
in exercise ventilation in patients with COPD, we argue that
Pdi,tw lacks the all-important relevance that POLKEY and
MOXHAM [1] are so keen to see others address in their

research. The efficacy of IMT in inducing ribcage muscle
remodelling is addressed unequivocally in the landmark study
by RAMIREZ-SARMIENTO et al. [7], who observed structural
adaptations in external intercostal muscles following IMT in
patients with COPD; surely this is a "gold standard" outcome
for a group of muscles that are functionally relevant?

POLKEY and MOXHAM [1] appear to have selectively and
incorrectly reported the findings of the LOTTERS et al. [8]
meta-analysis on IMT. First, LOTTERS et al. [8] report a
significant influence of IMT upon maximum inspiratory
mouth pressure (PI,max). Furthermore, a significant effect
was noted for dyspnoea, which is a "functionally worthwhile"
outcome. Whilst LOTTERS et al. [8] did report a statistically
nonsignificant effect of IMT upon walking ability (6- or 12-
min walking distance), the p-value was reasonable (pv0.11)
and the authors drew attention to the fact that there was a
tendency for IMT to have a positive influence upon walking
distance.

Finally, we are mystified by the insistence of POLKEY and
MOXHAM [1] that voluntarily evoked forces such as PI,max tell
us nothing more than that the subjects "get better at doing the
test". Surely learning to activate the muscle that you already
have more effectively is just as valuable as growing new
muscle? The end result is the same in both instances, i.e.
patients can generate higher inspiratory pressures, they are
less breathless and can walk further in response to specific
IMT.

We are at a loss to comprehend the vehemence of the
authors9 opposition to inspiratory muscle training; after all,
this is a low-cost intervention with no side-effects and a
growing evidence base. Viewed in this light, their opposition
seems irrational. As scientists, we have a duty to be objective,
whilst at the same time being open to new ideas. As Sir
William Bragg put it, "The important thing in science is not so
much to obtain new facts as to discover new ways of thinking
about them."
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From the authors:

We would like to thank A. McConnell and colleagues for
their interest in our editorial; such pieces are intended to be
thought provoking and it seems that we have achieved this
goal. We should initially like to observe that one of us (M.I.
Polkey), as associate editor, handled and supported the
publication of P. Weiner9s paper. We do not think this is
evidence of "vehement opposition" to inspiratory muscle
training. Nevertheless, even if, as A. McConnell and
colleagues argue, the therapy is of unequivocal benefit, this,
in our view, makes understanding the basic mechanisms of
even greater importance. In fact, some scepticism with regard
to inspiratory muscle training is supported by a recent
placebo-controlled trial of inspiratory muscle training,
which concluded that "specific respiratory muscle training in
highly fit competitive subjects may influence endurance
exercise performance at most to a very limited extent" [1].

The relative contribution of diaphragm and ribcage muscle
to exercise limitation remains a subject of great academic
interest. We certainly agree that it is possible to achieve
significant levels of exercise using the rib cage muscles alone,
as we showed recently in patients with bilateral diaphragm
paralysis [2]. This, of course, does not support the reverse:
that it is possible to train the rib cage muscles in isolation.
Therefore, we believe that a worthwhile training programme
should increase the strength and endurance of the diaphragm,
as well as that of the extradiaphragmatic inspiratory muscles.
We do believe that mechanisms of action are relevant, and A.
McConnell and colleagues may be interested in some recently
analysed data from our study of the PowerbreatheTM [3],
about which we had correspondence at the time. Both the
controls and active groups in that study were also submitted
to a trial of inspiratory muscle endurance, which we
subsequently analysed using the protocol of HART et al. [4]
described in the European Respiratory Journal in 2002. In the
group allocated to active intervention, five of six subjects
increased their endurance time, as did five of six controls

studied (fig. 1). However, examination of the nomogram
shows that this apparent improvement is achieved by
alteration of breathing pattern, rather than any genuine
increase in the endurance capacity of the muscle. Therefore,
we remain of the view that understanding the mechanism is of
utmost importance and this was reflected in our editorial.

N. Hart*, J. Moxham#, M.I. Polkey*
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Fig. 1. – Testing respiratory muscle endurance. A plot of endurance
time (Log tlim,end) against the inspiratory muscle load to capacity
ratio (PTPoes per cycle/Poes,max) in six subjects who underwent
inspiratory muscle training (& and h) and nine subjects who
underwent sham-training ($ and #) for a period of 6 weeks
(numbers correspond to previously published data [3]; data are
missing on subject 9, which was the subject in the control group that
reduced endurance time post inspiratory muscle training). The shaded
area represents the "normal values" (regression equation with 95%
confidence bands) [4]. Closed symbols represent pre-training or
sham-training, whereas open symbols represent post-training or
sham-training, with a vertically upward movement representing an
increase in endurance time. Although in most subjects there is an
increase in endurance time, the data lie close to the shaded area
indicating a change in breathing pattern, rather than a true increase
in inspiratory muscle endurance; an increase in inspiratory muscle
endurance would be observed as a significant movement away from
the shaded area.
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