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Introduction

» Phase contrast (PC) MRI [1,2] is the gold standard for
MR flow quantification.

» Partial volume effects:

_ow SNR.

» Blood flow patterns can also be estimated
based computational fluid dynamics (CFD)

» Arbitrary spatial and temporal resolution;
» Arbitrary SNR.
» PC generally does not satisty fluid dynamics equations:

momentum and continuity.

» Using MRI measurements to construct a divergence-
free flow field was previously described [4,5].

» Only the z-axis PC velocity component was used to guide

CFD solution.

» Goal: investigate the use of 3D PC-MRI to guide the
CFD calculations.
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Numerical Procedure

» Navier-Stokes equation,
ov |
P\ ot

Is numerically solvec

v - VI/> = —Vp+ pAv, (1)

with SIMPLER algorithm [6].

» Discretization of the Navier-Stokes equation vyelds
three linear systems:

(2)

Au,i’/i+1 — bu,i;

for each velocity component v = u, v or w.

» Proposed approach: add rows in the square matrix A,
incorporating MR| measurements of u, v or w.

» Assumption: MRI-measured velocity within a voxel is
a linear combination of the velocities on the CFD grid.

» Systems are solved, for each step of SIMPLER algo-
rithm, in least-square sense.

» 3D PC-MRI data were aquired for a carotid flow phan-
tom (Fig.1).
» 32-channel head coil: resolution: 0.5 x 0.5 x 1.0 mm?3: FOV:
4.0 x 3.5 x 5.0 cm?; NEX: 10; Venc: 50 cm/s; scan time: 5
nours.
» T hree experiments were performed:
» Pure CFD solution:
» Combined solution with MRI measured z velocity component
guiding CFD;
» Combined solution with MRI measured x, y and z velocity
components guiding CFD;
» CFD assumptions:
»p = 1100 kg/m3; 1 = 0.005 Pa - s; Voxel size
0.5 x 0.5 x 1.0 mm?.

Figure 1: Pulsatile carotid flow phantom (Phantoms by Design,
Inc., Bothell, WA).

Results and discussion

» PC-MRI velocity field (Fig.2a) does not satisfy the con-
tinuity equation.

» CFD simulations guided by PC-MRI (Fig.2c-d and
Fig.3) leads to solutions that are qualitatively more
similar to the MRI-measured field, while still satisfying
the continuity and momentum equation.

» When all three velocity components are used (proposed
approach), the qualitative agreement with PC-MRI is

improved for all three components (Fig.2d and Fig.3).

» Signal-to-error ratio (SER) between the CFD solutions
and PC-MRI were calculated for u, v, w and v (Table
1).

» Using w6, Vi and wyy,; to guide CFD provided better
agreement to PC-MRI than other approaches. This approach

has 6.56 dB more SER than pure CFD solution and 4.75 dB
more SER than combined solution using only w;,,;.

Conclusion

» Combined solver solutions are closer to PC-MRI than
pure CFD solution.

» Corrects the PC-MRI data in order to satisfy both mo-
mentum and continuity equation.

» Works as a noise reduction technique (not shown here).
» Easy to implement in Cartesian coordinates.

» Convergence of combined solver solution is approxi-
mately 60 times faster than pure CFD solution.

CFD CFD + 1D CFD + 3

u 297 dB 4.16dB (1) 6.74 dB (1)
v 0.25dB -0.30dB (|) 2.03dB (1)
w 5.44 dB 16.53 dB (11) 13.46 dB (1)

v=(u,v,w) 6.57dB 8.38dB (1) 13.13 dB (1)
Table 1: Signal-to-error ratio between PC-MRI phantom data and

CFD approaches.
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Figure 2: Components and divergence of the velocity field
v = (u,v,w), at the phantom carotid bifurcation: (a)
PC-MRI; (b) CFD; (c) CFD guided by PC-MRI along the z
axis; and (d) CFD guided by 3D PC-MRI.
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Figure 3: Vector field visualization of carotid flow phantom.
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