












selection of a more pleasant stimulus. In a study of
exercise-induced breathlessness in people with COPD,
participants subjected to auditory distraction compared
with no auditory distraction had reduced self-reported
unpleasantness of breathlessness, although symptom
intensity and distance walked were unchanged36 support-
ing sensory selection as a possible mechanism.
Our study showed an opposite pattern of brain activity

in posterior regions; α activity was higher in participants
after recovery than when breathless.

Patterns of � wave activity
γ Waves are required for the modulation and process-
ing of information arising simultaneously from differ-
ent brain areas. They are thus crucial in conscious
perception and foundational for all cortical computa-
tion. Our data suggest possible cross-frequency

interaction between γ and α when airflow is used
when breathless (α reduced in the frontoparietotem-
poral regions; γ increased in the frontal regions).
When breathless, airflow appears to increase γ activity
in the frontal regions, but reduces it in participants at
recovery.

Limitations
Movement artifacts were not a problem at rest, however,
all participants visibly moved during breathlessness. The
uncertainty over the degree of movement is problematic,
as not only do the source generators of peaks in the
beamforming move over time in the scanner, but the
confidence in the coregistration is also unknown during
the scanning process itself. However, in view of this, to
explore patterns of activity, we made broad estimates
only of source localisation to ‘within lobe’. Further

Figure 3 Beamforming activity postexercise >recovery, α, β, γ frequency bands. (The images are thresholded at p<0.05, and

scaled using a hot colour scheme to their max-value). α Activity in the frontal lobes is clearly seen.

Figure 4 Beamforming activity

recovery >postexercise, α, β,
γ frequency bands. (The images

are thresholded at p<0.05, and

scaled using a cool colour

scheme to their max-value).

α Wave activity is no longer seen

in the frontal lobes.
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consideration of this difficulty and its possible solutions
will be needed to draw more detailed location infer-
ences. Various approaches such as real-time source esti-
mation are described that can be taken into account in
future work now we have demonstrated that patients
with chronic lung disease can tolerate the procedures
and that useful data are possible.37 38 Other methods of
neural activity measurement such as EEG, for which
head movement would not be an issue, should also be
explored in future study in this area.
Our healthy controls were unmatched, and our find-

ings could represent changes related to age or sex.
However, one control appeared to have similar increased
β activity, and was subsequently removed from the ana-
lysis on discovery of a respiratory condition.
These data are from a small cohort with non-matched

healthy controls. However, given the exploratory nature
of the study, we feel that useful data has been acquired
and our feasibility questions answered. The next step
will be to confirm these results using a larger group with
age and sex-matched controls. Thereafter, assuming con-
firmation, this technique could be used to explore the
effects of interventions with clinical evidence to support
their use in refractory breathlessness, such as airflow or
opioids, on the central perception of this challenging
symptom.

CONCLUSIONS
MEG scanning is a feasible, acceptable and potentially
useful method to investigate breathlessness in people
with chronic breathlessness. It is able to identify neural
activity related to changes in breathlessness which can
be induced by physical exertion.
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