Mitigation of Physiological Noise in the fMRI time-series by CSF Nulling
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Introduction:

Previous studies [1, 2] have shown that at high field strengths and lower resolutions, the temporal SNR of fMRI studies is dominated
by the physiological noise, including respiratory and cardiac pulsations and ‘BOLD-like’ physiological noise. Further investigation
has shown that the physiological noise is highly spatially correlated within gray matter and CSF, and that it is highest in CSF and
significantly lower in the white matter [3]. At low spatial resolutions (e.g. 3mm) however, gray matter voxels are likely to be highly
partial volume averaged with CSF, and thus CSF intensity fluctuations likely contribute to the noise seen in gray matter ROIs. The
goal of this study is to reduce the physiological fluctuations in the resting brain gray matter regions as seen by conventional fMRI
studies by eliminating the signal from CSF in the brain, especially within the sulci. To achieve this we employed an inversion
recovery EPI acquisition. Our findings demonstrate that when the CSF is nulled, the noise in the fMRI time series of gray matter ROIs
can be reduced compared to the normal EPI acquisition.

Methods:

Data from 11 healthy volunteers were acquired using a Siemens 3T Tim Trio system (Siemens Medical Solutions, Erlangen,
Germany). To eliminate the CSF signal in the EPI scans, a slice-selective inversion recovery single shot gradient echo EPI sequence
was used. The imaging parameters for the CSF-inverted data were TR=7000ms, TI=2300ms, TE=30ms, in-plane resolution 3x3mm2,
five Smm thick slices with a 2mm slice gap and 60 time points. Single shot fully relaxed gradient echo EPI time-series were also
collected in the resting brain at the same resolution, TR=5000ms, and TE=30ms. Automatic alignment protocols were used to ensure a
standardized slice prescription in both acquisitions. Temporal SNR (tSNR) in the fMRI time-course was measured in ROIs defined in
cortical gray matter on both the resting state scans and the CSF nulled images. In a given pixel the tSNR was determined from the
mean pixel value across the 60 time points divided by its temporal standard deviation. Temporal standard deviation maps were
generated to illustrate the spatial distribution of the physiological fluctuations across the brain for the two acquisitions.

Results:
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Conclusion:
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Figure 1. Spatial distribution of the physiological fluctuations across the fMRI time-series (SD SNR in the fMRI time-series will
maps) for the two acquisitions. (A) and (B) correspond to the resting state fMRI time series without
inversion. (C) and (D) are the respective slices where the CSF was inverted. All maps are shown
with a common scale.
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