In vivo assessment of carotid
wall shear rate using spiral
Fourier velocity encoding
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Wall shear stress (WSS)

» Prognostic value in carotid artery
disease

— Low WSS Zarins et al 1983, Circ Res 53:502
—H |g h WSS Thubrikar and Rubicsek 1995, Am Thorac Surg 59:1594
— OSCi | |at0 ry WSS K etal 1985, Arterioscler Thromb Vasc Biol 5:203

» No gold standard
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Wall shear rate (WSR)

» Radial gradient of velocity (dv/dr) near the wall
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Wall shear stress and
wall shear rate

« WSS =y x WSR

blood viscosity wall shear rate
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MR flow quantitation
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WSR w/ phase-contrast MRI ' WSR w/ Fourier velocity encoding

Frayne and Rutt 1995, MRM 34:378
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e 2DFT-FVE: prohibitive scan time

resolution: 0.33 x 0.33 x 3 mm?3
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Carvalho and Nayak 2007, MRM 57:639 5 mREL -Usc

Spiral FVE Spiral FVE: time-velocity distributions
» 7x faster than 2DFT-FVE
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Experimental methods Validation results

Hypothesis: e s
— WSR measurement using spiral FVE CEREntao)
Validation:

velocity map

— Simulation using CFD data ’
Demonstration: i . o %
\ modeling

— Healthy subjects @ 3T N
Reconstructed in Matlab s(x.y.v) estimated WSR

Aietal 2008, Am J Physiol Cell Physiol 294:1576
Frayne "\ C
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Validation results ' In vivo experiments — Spiral FVE '

+ 10% precision for 50% of the voxels * GE Signa 3T EXCITE HD system
.. — 40 mT/m amplitude
» 20% precision for 80% of the voxels

— 150 T/m/s slew rate
» 30% precision for 95% of the voxels i
15 * Resolution:
N © — Spatial: 1.4 mm
difference (%) — Velocity: 5 cm/s
g — Temporal: 24 ms
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» Scan time: 2 minutes per slice
— 5 slices
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In vivo results Oscillatory pattern of WSR
ECA_E ~
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Conclusion Acknowledgement

First in vivo results using Frayne’s method * CFD data

— Spiral FVE: 7x faster than 2DFT-FVE — Lisong Ai & Tzung Hsiai (BME/USC)
High temporal resolution — oscillatory pattern Funding

High dimensionality — scan time can be reduced — AHA (0435249N)
-C tly: 2 minut I

i A — The USC Graduate School
Limitations:

— Voxel shape, intra-voxel weighting, off-resonance * Travel funds
— Slice must be perpendicular to wall — Brazilian Government (MEC/CAPES)
— University of Brasilia (FGA,ENE,GPDS)
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