Simultaneous assessment of respiration and heart beat on CSF and blood oscillations in near real-time imaging
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Target audience: physicians and physiologists.

Purpose — Usually, MR vascular images are obtained after the acquisition of several cardiac cycles followed by an average of these measures,
especially in quantitative phase-contrast acquisitions!. In this case, we do not have the true cardiac information and respiratory influence is lost.
Fourier transform is useful tool to discriminate periodic signals such as cardiac and respiratory cycles. The aim of the present study was to apply a
near real time imaging to follow physiological changes in CSF, arterial and venous flows. Moreover, we expose the principle of an automatic
Fourier-based method to extract respiratory and cardiac frequencies in fast MR images and to assess the contribution of the two physiological
phenomena to the signal obtained during MR acquisitions in various fluids.

Methods — MR acquisitions were performed on a 3T Philips Achieva dStream scanner (Philips medical systems) on a healthy participant of 39
years-old who underwent fast 2D fast echo EPI acquisition. Acquisition parameters were TE=10 ms; TR=20 ms; flip angle=90°; transaxial field of
view = 128x128 mm? (voxel size = 1x1x1mm?3). The acquisition plane was defined at the cervical C2-C3 level, perpendicularly to the vessels.
Physiological frequencies extraction was performed as follows: first, a vein was segmented to extract its temporal evolution and then compute its
FFT. The module of this FFT was use to extract local maxima corresponding to respiratory and cardiac frequencies. Then, all voxels were processed
to compute respiratory and cardiac maps containing module values. Arteries, veins and CSF can be discriminated by threshold on the module of the
cardiac harmonic to segment these structures and obtain there temporal evolution as well as Fourier spectrum..

From these maps, we extract Fourier spectrum of arteries, veins and cervical CSF to assess the contribution of respiration and cardiac activity on the
MR signal of these media.

Results — Figure 1 shows the results obtained with the three studied media. Figure 1A, 1B and 1C correspond to venous blood, arterial blood and
CSF respectively. The left thumbnail is the raw image followed by the intensity threshold applied on the cardiac frequency map. The left plot is the
temporal signal evolution for the first ten seconds The raw signal is plotted in red whereas the curve shape is drawn in green. The last plot of each
line shows the FFT module of each studied fluid. Cardiac harmonic was obvious for venous and arterial blood as well as CSF (1.54 Hz ; i.e. 95
cycles/min). For the venous blood, the main harmonic was found at 0.33 Hz which is compatible with respiration rate (20 cycles/min). This harmonic
was not visible for arterial blood and slight in CSE.
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Discussion — While classical angiographic MR methods rely on averaging multiple cardiac cycles, we propose to use fast EPI images with a
temporal sampling short enough to divide a cardiac cycle in multiple phases and then to use FFT to extract relevant frequencies. Our results showed
that cardiac component is mainly observed in both CSF and arterial blood. Conversely, respiration mainly influences venous blood and slightly the
CSF. These observations are consistent with the recent literature?.
Conclusion — The use of fast-echo EPI images allows makes feasible the detection of cardiac and respiratory activity in circulating fluids near real
time. This methodology seems to confirm the influence of these two parameters in the signal gathered in arterial, venous blood and CSF. Further
works will include the assessment of this method on a wide population. Moreover, the relationship between EPI signal and quantitative flow
(classically obtained with cine-PC MRI) will be investigated.
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