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Development of Non-Invasive Pressure Estimation Using 3D Multi-Path Line
Integration Method from Magnetic Resonance Velocimetry (MRYV)

Muhammad Hafidz Ariffudin®®, Ilhoon Jang™ * and Simon Song'

Abstract The pressure difference across stenotic blood vessels is a commonly used clinical metric for
diagnosing many cardiovascular diseases. At present, most clinical pressure measurements rely solely
on invasive catheterization. In this study, we propose a novel method for non-invasive pressure
estimation using the incompressible Navier-Stokes equations and a 3D multi-path integration approach.
We verify spatio-temporal convergence on an in-silico dataset of a cylindrical straight pipe phantom
with steady and pulsatile flow fields. We then evaluate the proposed method on an in vitro dataset
of reconstructed control, pre-operative, and post-operative carotid artery cases acquired from 4D flow
MRI. The performance of our method is compared to existing approaches based on the pressure
Poisson equation and work-energy relative pressure. The results demonstrate the proposed method's
high accuracy, robustness to spatio-temporal subsampling, and reduced sensitivity to noise,
highlighting its great potential for non-invasive pressure estimation.

Key Words : Pressure estimation(%}#] ¢]=), Carotid artery(“3-& ™), Magnetic resonance velocimetry
(MRV), Cardiovascular flow (A3 -5)
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(b) Fluid
Dom ii/
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h >

(a)  Spherical Virtual
Boundary

Fig. 1. Schematic representation of (a) the spherical
virtual boundary that surrounds fluid domain and (b)
an integration path used for the 3D ODI method.
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Fig. 2. Laminar steady-state flow experiment using (a)
circular pipe flow. Visualization of the 3D analytical
velocity profile (a), noise-free in-plane image (b), and
noisy in-plane image (c).
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Fig. 3. Relative error variation of the pressure
difference estimation for (a) noise-free, (b) SNR =20,
and (c) SNR=5. The horizontal axis indicates the
spatial resolution.
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t= 3T/4

Fig. 4. Velocity profile of the pulsatile flow experiment
at different phase of (a) T/4, (b) T/2, and (c) 3T/4 sec.
Right two columns show the case of noise-free and
noisy, respectively.
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Table 1. Average relative error of pressure difference estimates over time

Me, _ At At/4
D Noise
[%] Ax Ax/2 Ax/3 Ax/4 Ax Ax/2 Ax/3 Ax/4
Noise-free | 16.05 9.88 8.52 8.03 12.86 5.00 2.94 1.96
3DODI  SNR=20 16.09 9.86 8.52 8.21 13.46 5.03 291 223
SNR = 5 16.70 9.92 10.16 9.00 14.60 6.23 2.75 3.10
Noise-free | 185.96 185.09 186.00 186.79 197.00 196.21 196.97 197.82
PPE+ s
WBDFs  SNR=20 | 180.80 18666 18414 19158 17431 16409 17271 18612
SNR =5 158.81 200.00 136.84 139.58 235.45 209.16 228.47 268.73
Noise-free | 12.20 1027 721 6.36 8.91 6.91 4.05 3.18
WERP* R =20 | 2090 1422 1008 787 16.53 1036 678 457
WBDEFS : - . Ol : L by :
SNR =5 20.60 10.22 7.07 9.57 15.16 7.95 6.03 14.34




20

Fig. 5. The anatomical regions of the carotid artery:
Common carotid artery (Region 1), External carotid
artery (Region 2), and Internal carotid artery (Region 3)
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