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The first brain study of “real-life” dyspnoea is limited by real-life, but gives us a renewed sense
of direction http://ow.ly/T70dp

In our 15-year history of mapping the central neural mechanisms of dyspnoea, we have discovered the
complexities of obtaining an objective measure of the sensation and begun discriminating the emotional,
cognitive and behavioural responses to it. The task has been complicated by use of a variety of laboratory
models that likely produce varying forms of dyspnoea. There are at least three neurally distinct forms (air
hunger, effort to breathe and chest tightness [1]) and each form has quantitatively, and maybe
qualitatively, different affective components [2]. The stimuli used to gain the first insights into the
“breathless brain” were tidal volume restriction [3], hypercapnia [4] and resistance loaded breathing [5].
The most consistent finding in these and subsequent studies [6–8] is activation of the insula cortex; a
region also involved with the perception of other homeostatic warning signals such as pain, hunger and
thirst [9]. The involvement (or not) of other brain regions has varied between studies and likely reflects
the variety of stimuli and types of dyspnoea they generated. The most consistent factor throughout these
studies is the use of healthy individuals as subjects.

After achieving a variety of neural signatures for dyspnoea using lab models, it seems timely to determine
the neural signature of “real-life” dyspnoea in patients. Published in this issue, HIGASHIMOTO et al. [10] have
been the first to investigate the neural activity of “real-life” dyspnoea in chronic obstructive pulmonary
disease (COPD) patients with the “real-life” stimulus of exercise. But as much as marking a new era of
study, the paper led me to re-assess what we should be looking for as the investigation of dyspnoea’s central
mechanisms moves forward. I was once asked, at a scientific meeting, “why we were doing this, and how is
this ever going to help my patients?” As we vigorously search for all sorts of biomarkers of all types of
pathologies it seemed strange that the search for an objective measure of the major symptom of lung and
heart disease was questionable. Regardless, our current subjective measurements of dyspnoea include
multiple iterations of simple scales where a subject choses between 1 and 10. An objective measurement
would remove inter-personal variability (e.g. one person’s 5 may be worse than another person’s 8), subject/
patient bias and patient/subject misinterpretation of what we wished them to rate. Maybe the questioner
thought it a merely academic pursuit to study dyspnoea’s neural circuitry, because, even when our dyspnoea
map is complete there is no therapy to relieve it (“…how is this ever going to help my patients?”). The
obvious argument is that knowledge of dyspnoea’s neural circuitry will focus the development of therapies,
and be able to objectively test their efficacy.

So what should our short- and long-term goals for studying the breathless brains of patients be? In the
short-term the comparison of the “real-life” patient responses to those seen in 15 years of
laboratory-induced dyspnoea will allow us to assess the pertinence of our laboratory models and validate
or reject their continued use. For the long term we need to unravel the sensory, emotional and behavioural
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components [11] of “real-life” dyspnoea to focus the development and assessment of therapies. So have
HIGASHIMOTO et al. [10] taken us closer to achieving these goals?

The study by HIGASHIMOTO et al. [10] provides a very limited comparison with previous lab-based models
and the restricted view is the ironic cost of generating “real-life” dyspnoea. The exercise-based protocol led
the authors to reject more comprehensive brain imaging techniques, such as functional magnetic resonance
imaging (fMRI) and positron emission tomography (PET). Near-infrared spectroscopy can tolerate exercise
related head movement, but its field of view is limited to cortical features. While it is appreciably more
difficult to perform an exercise-based protocol with PET or fMRI, it is not impossible. A recent exercise
study used fMRI to show activations with perceived exertion in healthy individuals [12], and a PET study
[13] has shown an insula response during exercise. Although these studies did not measure dyspnoea per se,
they’ve demonstrated proof of concept. I’d argue that because a lower intensity of exercise is needed to
induce dyspnoea in COPD patients, the problem of exercise related head-movement would be less in
patients than it was in the healthy individuals used in these studies. However, in the report by HIGASHIMOTO

et al. [10], the pre-motor cortex (PMA) activation is consistent with laboratory dyspnoea induced by tidal
volume reduction [7] and resistance-loaded breathing [14]. But, none of these studies can determine
whether the PMA activation is integral to dyspnoea itself, or part of the downstream response to it.

The second issue with the HIGASHIMOTO et al. [10] “real-life” dyspnoea is that exercise is a very noisy stimulus
that not only involves dyspnoea-related activity, but also numerous central activations [15] and afferent
signals generated by the exercise itself. As exercise becomes more intense the exercise-related neural activity
increases, as does that associated with dyspnoea. Parallel neural changes are difficult to attribute to one
response or another; a problem acknowledged by the authors. A similar analytical problem has arisen with
previous dyspnoea models, where dyspnoea-related neural activity is paralleled by activity related to the
consequent emotional responses (e.g. anxiety) and, therefore, they become difficult to distinguish. Only now,
15 years after the first studies, are these beginning to be parsed apart [7, 16]. To fulfil the long-term goals, we
not only have to distinguish and measure different forms of dyspnoea, but also the emotional responses to
them, as identifying distinct (but connected) networks may provide distinct therapeutic opportunities.

Determining the emotional and sensory responses of patients will be particularly important, as they are
very likely to be different to those observed in healthy individuals [11]. Healthy individuals undergoing
lab-based models of dyspnoea know that the sensation will stop when the study does, while the COPD
patients’ chronic exposure to “real-life” dyspnoea might prevent that reassurance; merely thinking about
situations that cause dyspnoea generates an emotional response in patients [16]. Chronic exposure to
dyspnoea might also result in either sensitisation [17] or adaptation [18] of the sensory and/or emotional
components and produce a very different neural signature to those we see in healthy individuals. The
different forms of dyspnoea experienced across different diseases [19] are likely to have different neural
signatures, each being constructed of a combination of their own sensory and emotional elements.
Addressing these differences in patients will be important for the appropriate application of future
therapies to target specific areas. For example, providing anxiolytics for patients with psychogenic
dyspnoea is effective in resolving the emotional origin and the resultant dyspnoea, but this approach
hasn’t been effective for patients with dyspnoea with physical origins [20]. Morphine may reduce both the
sensory and affective components of air hunger [21], but this should be objectively tested.

In summary, HIGASHIMOTO et al. [10] have taken an important first step in gaining an understanding of the
neural signature of dyspnoea in COPD. Continuing this path with more comprehensive studies and
including other diseases will help us refine our laboratory models to confidently and more accurately
mimic the dyspnoea of specific disease states. To do this, we will have to overcome our disparate origins in
pulmonology, cardiology, palliative care, nursing and psychiatry, and the field of dyspnoea research has to
use the same language to ask the same questions to probe the multiple forms and levels of dyspnoea in
different patients [11, 22, 23]. Once the laboratory models are established we can make controlled and
cleaner interventions and avoid the noise and vagaries of the clinical setting and the technical and
analytical problems of “real-life” exercise-based protocols.
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