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Target audience: All neurovascular coupling, functional connectivity, vasomotion, pre-clinical scientists & users of BOLD fMRI.

Purpose: Research has shown that the early onset of neurodegenerative disorders such as Alzheimer’s disease can be characterized by a
disturbance in functional connectivity between different brain regions'. Perturbations in brain connectivity are inferred by examining
correlations/anti-correlations in resting state (i.e. absence of evoked neuronal responses) Blood Oxygenation Level Dependent (BOLD)
functional Magnetic Resonance Imaging (fMRI) signals. However, the BOLD signal only reflects changes in magnetic field homogeneity caused
by varying concentrations of paramagnetic deoxyhemoglobin (Hbr) in the blood stream. The haemodynamics driving the BOLD signal are
drastically affected by altered neurovascular coupling or baseline physiological conditions 2. Therefore inferring connectivity changes from the
BOLD fMRI signal in diseases states, where these conditions are obviously compromised, may be problematic.
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the somatosensory cortex (fig 2). In a separate experiment (n=5) we
investigated the underlying haemodynamics using 2D-optical imaging
spectroscopy (2D-OIS). Preparation as above with the addition of a thinned
skull cranial window allowing direct imaging of the cortex. 2D OIS used a
switching Galvanometer using 4 A (495, 586, 559 and 575nm) and a CCD with an effective frame rate of 8Hz for each A. The spectral analysis
was based upon the path length scaling algorithm incorporating a MR based heterogeneous tissue model. The spectral analysis produced 2D
images over time, of oxy-, deoxy- and total-haemoglobin changes (HbO2, Hbr and HbT) for correlation analysis.
Results: We found
1) arobust 0.1Hz vasomotion oscillation in both BOLD fMRI and 2D-OIS measurements of the haemodynamics in the rat brain when BP
was compromised (fig 1b). This was quantified with power frequency analysis (fig 1c).
2) by altering the physiological state and increasing BP by phenylephrine infusion or respiratory challenge the magnitude of the
vasomotion oscillations were reduced (fig 1d&e).
3) The magnitude of vasomotion is dependent on the amount of oxygen available in the brain.
4) 3D connectivity maps generated from correlation analysis of the resting state data before and after changes in BP using a seed region in
the somatosensory cortex showed clear differences (fig 2).

Fig 1. a) change in BP with Phenylephrine infusion; b) vasomotion
oscillations seen in low BP condition; c) Frequency power analysis;
d) & e) for the normal BP condition — vasomotion damped.
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Conclusions & Discussion:

This study used resting state BOLD fMRI and 2D-OIS measurements to investigate perturbations in brain connectivity that occur under altered
physiological states one might be presented with in the diseased patient. Changing the systemic blood pressure modulated the 0.1Hz vasomotion
signal and connectivity maps before and after this change were shown to be different. Data from this pre-clinical in-vivo multimodal imaging
study suggests that care should be taken when characterising the early onset of neurodegenerative disorders using functional connectivity as
perturbations could simply be related to changes in physiological state.
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