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1- Introduction

The main role of respiration is to exchange oxygen and carbon dioxide through the lung. Respiration
is controlled involuntarily by medullary respiratory centers in the pons and voluntarily through the motor
cortex. It also has an intimate relation to emotions.

Dyspnea, shortness of breath or a subjective discomfort of breathing, usually associated with cardio-
pulmonary diseases, occurs even in normal conditions during intense physical exertions such as exercise or
loaded breathing, or at high altitude. Physiological perspectives concerning sensation of dyspnea and loaded
breathing have been extensively studied. However, the behavior of the brain under dyspnea has not been
fully evaluated. Recent development of brain imaging techniques has been enabled to visualize brain
function related with respiration with and without respiratory loads.

Previous studies using PET that contrasted the relative rCBF (regional cerebral blood flow) changes
between the loaded and unloaded breathing showed considerable activations in the inferior parietal cortex,

prefrontal cortex, midbrain, basal ganglia and other cerebellar sites, with less activations in the primary
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sensorimotor cortex. These findings suggested that there was a pattern of motor behavioral response to the

uncomfortable sensation when inspiration was impeded.

2- Purpose

The aim of this study was to examine activation and deactivation sites of the brain during resistive
inspiratory loaded breathing lasted for 30 minutes in normal volunteers as well as in subjects with sensation
of dyspnea caused by pulmonary emphysema and near fatal asthma, i.e. cases of COPD, by using a brain

imaging technique, PET and a statistical parametric mapping technique.

3- Subjects and Methods

Twenty-eight male normal volunteers, mean age 30.2 years (SD 8.6), were divided into three
groups: control group (without resistance), group 30 (mild inspiratory resistance of 30 cm of water per liter
per second (cm/L/sec)), group 70 (moderate inspiratory resistance of 70 cm/L/sec). Nine patients with
Chronic Pulmonary Disease, mean age 54.2 years (S.D. 18.9), were divided into two groups: group PE
(patients with pulmonary emphysema) and group NFA (patients who experienced at least one time of near
fatal asthma attack). PET studies were carried out by injecting 197.2 MBq (SD 68.7) of fluorine-18 (**F)-
labeled fluorodeoxyglucose (FDG) after one minute of applying the inspiratory resistance (groups 30 and 70),
which lasted for 30 min or during resting breathing, in the case of the control group (without resistance) and
the group PE and the NFA.

Image processing and statistical analyses were carried out using a statistical parametric mapping
software, SPM99 (Wellcome Department of Cognitive Neurology, Institute of Neurology, University
College London, UK) implemented in MatLab (Mathworks, Inc., Sherborn, MA). This procedure included
anatomical standardization of subject’s brain images to mach the standard PET template (FDG template of
SPM99). The spatially transformed images were smoothed using a 13x13x12 mm at full width half
maximum (FWHM) 3D-Gaussian Kernel. The group comparisons of images were made using analysis of
variance (ANOVA) and Student t-test adopting the threshold of significance at p < 0.001, uncorrected for

multiple comparisons.



4- Results

In the present study, we recognized not only activations but also deactivations in the brain of normal
subjects during induction of relatively chronic dyspnea by the inspiratory resistive loading as well as in the
brain of patients suffering from gmphysema and near fatal asthma. The main activated sites were in the
superior frontal gyrus, inferior frontal gyrus and middle tempora! gyrus.. Particularly, the bilateral orbital
gyrus were strongly activated. The deactivated sites were in the left precuneus, the right middle frontal gyrus,

the left superior parietal lobule and the parietal-occipital association areas.

5- Conclusion

Respiratory distress activated the motor area, frontal lobe and temporal pole bilaterally. These areas
could be related to respiratory controls and emotion. Extensive reduction in brain metabolism was found in
the posterior part of the brain including the parietal lobe.

The frontal lobe activation is probably related with emotion and will. Extensive reductions in brain

metabolism were found in the posterior parts of the brain including the parietal lobe.
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