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Abstract

Magnetoencephalography (MEG) is a passive, non-invasive functional neuroimaging technique
for recording magnetic fields generated by neuronal currents in the brain. MEG provides a
unique capability to map the electrophysiology of the brain with very high temporal resolution
(below 1 ms) and fairly good spatial resolution (less than 1 cm). The advent of whole head MEG
systems in the 1990s opened new perspectives in the understanding of the human brain. It has
been used in the medical research setting for, among other things, understanding
neurodegenerative diseases. However clinical applications of MEG are still few. One limiting
factor is the sensors that are utilized in today’s commercially available MEG systems: they
operate only at extremely low temperatures. Liquid helium, an increasingly expensive and finite
natural resource, is used to cool the sensors. Furthermore, thermal insulation that must be placed
between the sensors and the subject limits system sensitivity. Modern sensor technologies
operating at more moderate temperatures have led to developments towards principally new ‘on-
scalp’ MEG systems. By eliminating the use of liquid helium and providing improved sensitivity
via scanning closer to the brain, on-scalp MEG provides a promising future for MEG in clinical
applications.

In this work, theoretical and experimental methods are detailed for on-scalp and conventional
MEG studies of neural activations that are generally relevant to neuroscience research and
clinical applications. As such, we bring MEG a step closer to becoming a routinely used clinical
imaging modality.

The work is comprised of two main activities:

Activity I: Experimental support for utilizing MEG in a new clinical setting. We developed a
MEG-based experimental approach for understanding the neural mechanisms and networks
involved in modulating an individual’s response to arousing stimuli. The aim is a non-invasive
biomarker for identifying risk of developing cardiovascular disease. A MEG study was designed
in line with previous microneurography studies that are known to reveal a distinct muscle
sympathetic nerve activity (MSNA) response profile. This profile predicts the concomitant
blood pressure trends associated with brief arousing stimuli and short periods of mental stress.
In this thesis work, we investigated neural correlates of such MSNA response profiles in 20
subjects with MEG.

Activity II: Theoretical support for on-scalp MEG. We developed a framework for investigating
realistic next generation MEG system designs. Our main metric is information capacity: a
measure of the amount of information that can be extracted about brain activity with a given
system. We use it to show the specific gains one can achieve by shifting to on-scalp MEG
technology. This work furthermore contributed towards sensor array designs for full head MEG
systems. The framework not only allows designing optimal arrays for MEG with new sensor
technologies but also guides important sensor design parameters (such as pickup loop size, noise
level, etc.) for on-scalp MEG systems.

In the future, these clinical and theoretical activities should be combined to develop a “custom
on-scalp MEG” diagnostic procedure that includes improved sensitivity to cortical activations of
clinical relevance.
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