Phase fMRI at 7 Tesla
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Introduction: Conventional fMRI studies are based on signal magnitude changes from T./T,"* increase due to blood susceptibility variations. On the
other hand, blood susceptibility changes also induce frequency shifts that are largely ignored in the fMRI data analysis. Studies have suggested that
voxel phase time course might show task related changes (1,2) and recently a new GLM model has also been proposed for fMRI which uses both the
magnitude and phase of complex data (3,4). It was shown that an unrestricted phase model was mathematically equivalent to the magnitude only model.
However, a phase only model would interpret data disregard of their SNR and also predict more activation regions outside loci of interest.

Task related phase changes are caused by counter-acting effects of CBV increase and blood oxygenation increase which are field dependent. Therefore,
this study investigates how the phase effects from neuronal activation vary with field strength. The fMRI phase changes at different field strengths
ranging from 1.5 to 7 Tesla were measured and the possibility for using phase fMRI as a sensitive probe for BOLD effects at high field was evaluated.
Experimental: Experiments were carried out on three scanners: Siemens Sonata (1.5 T), Siemens Trio (3 T) and Siemens MAGNETOM 7 T. Eight
channel phase arrays were used to acquire all images at different field strengths. A gradient echo EPI sequence was used to acquire both the magnitude
and phase images. Image matrix size was 128x96x11 with 2 mm in-plane resolution. The echo times for different field strengths were adjusted to approx.
T, values: 60 ms (1.5 T), 32 ms (3 T) and 24 ms (7 T). Two volunteers were scanned at all field strength. A finger tapping task was used with 30s
OFF/30s ON and a total acquisition time of 300 s. MATLAB and SPM5
were used for data processing. Statistic maps were obtained from the
magnitude images based on which ROls in the active regions were
selected. The ROIs were applied to both magnitude and phase
images to extract their corresponding time course. If necessary, the
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time. If one assumes an oxygenation change from 50% to 70% with a
CBYV increase of 50% from 4%, then the phase change would be
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Conclusion: The important observations in this study were the strong Visualization. 0.12).

phase changes and clear physiological phase modulation at 7 T which

were not present in the 1.5 and 3 T data. The signal difference can be

explained by changes of blood volume and oxygenation. The

physiological modulation presented at high field may also be used for

physiologic noise removal in fMRI analysis. In addition, the phase

information may be utilized to further improve BOLD detection

sensitivity at high field.
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Figure 4: Comparison of the
estimated phase changes with their
corresponding  noise  levels  for
different  field  strengths.  The
estimated CNR values are 0.9 (1.5 T),
1.6 3T)and 1.7 (7 T).
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