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Despite its young age, functional Magnetic Resonance
Imaging (fMRI) has become one of the most popular
brain imaging techniques. However, the relationship
between brain activity and the blood oxygen level
dependent (BOLD) contrast as measured with fMRI, the
so called neurovascular coupling, is not yet fully understood. One possibility of experimentally manipulating
the neurovascular coupling mechanisms is administration
of vaso-active and neuro-active substances, such as Acetylcholine (ACh). Combining those pharmacological interventions
with
simultaneous
measurements
of
electrophysiological and BOLD response allows for
deeper insights in the dependencies between neural and
hemodynamic response to sensory stimulation.
We developed a method based on kernel canonical correlation analysis that is able to deal with the high dimensionality of the fMRI signal while exploiting the high
temporal resolution of the electrophysiology. The algorithm finds filters for fMRI and electrophysiological data
that maximize the crosscorrelation between the two data
sources. Projecting the data onto those filters allows to
compute a crosscorrelation function between fMRI and
electrophysiological data that reflects the coupling

between neural and hemodynamic response. We present
data recorded in primary visual cortex of the non-human
primate during a visual stimulation paradigm and local
application of ACh. Comparing the neurovascular crosscorrellograms after local injections of ACh and with those
from control conditions, we find that the coupling is dramatically affected by ACh. In particular, the extent to
which the stimulus is reflected in the crosscorrelation
function is decreased under influence of ACh. Inspection
of the spatial filters of the BOLD response shows that this
change is primarily accounted for by cholinergic effects on
voxels around the injection site. The filters computed for
the neurophysiological data suggest that it is mainly neural activity in the alpha and gamma band that contributes
to the change in coupling.
In summary, the results provide preliminary evidence for
a change in neurovascular coupling induced by high levels
of ACh. The voxel patterns (for fMRI data) and patterns in
the time-frequency domain (for electrophysiological
data) that give rise to this change can be revealed using a
novel analysis method.
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