Free-Breathing Radial 2D Phase Contrast MRI for Aortic
Pulse Wave Velocity Measurements in Healthy Older Adults
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Background: Pulse Wave Velocity (PWV) @

« Pulse wave velocity (PWV)
» Defined as the rate at which pulse.pressure propagates through a vessel
« Indirectly related to vessel stiffness*
« Early indicator of CV disease
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pressure waveform

Background: Pulse Wave Velocity (PWV) @
* Many studies on PWV and CV » P
disease incidence? baPWV = “”A—t”’“c"
- Clinically assessed with D2ABES iy

applanation tonometry
« Easy and inexpensive

« Carotid-femoral (caPWV) or
brachial-ankle (baPWV)

- Distances are approximated W O xxis Whiie o,
() (A Posterior-tibial artery ; B
. Leads to PWYV errors L 117 pressife waveform W

From: J Sugawara and H Tanaka. Pulse (Basel). 2015; 3(2).
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Background: MRI-based PWV

« MR can also be used to assess PWV (usually aortic)
« Often requires breath-holds (BHS)
 May be difficult/impossible far some patients

Aorta - Anatomical

Flow-Time Curves

Abdominal Aorta IS
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We present a method to measure aortic PWV using a free-breathing
(FB) radial 2DPC sequence Q
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Methods: Acquisition

« Aradial FB 2DPC sequence was

iImplemented and compared to a Scan time 2:27
Cartesian BH 2DPC (GE) at 3T e S A
rames 40 40
° Parameters matched Slice Thickness 6 mm 6 mm
: _ Venc 150 cm/s 150 cm/s
18 SUbJECtS (13F’ mean age_57y) Cardiac Gating Retrosp. PG Prosp. PG
e 2 axial p|anes Resp. Gating  Retrosp. Bellows N/A

Spatial Res. 1.40 mm?2 1.41 mm?2

* Aortic arch and abdominal aorta Temporal Res. FrE— Frr———

« 3 ROI measurements total \
* bSSFP images were acquired for 2\ w
aorta centerlines (scan time = 15s) ' (ﬁmf =

1ROI 2
]!

3D Centerline

Plane 1

Plane 2
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Methods: Sub-sampling + Local Low Rank Reconstruction @

« Radial scans were retrospectively subsampled to 2,500 projections
» Corresponding to 0:37 scan time

» Alocal low rank reconstruction was used to improve image quality

R = miny |||Ax — K||5 + Z/lb IR, X]||.

A
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Methods: Post-Processing @

« Circular ROIs manually drawn around vessels (3 measurements total)
» Flow waveforms smoothed with Gaussian filter

« TT-foot, TT-upstroke, TT-point, and AN
cross-corr. methodswere used#

» Centerlines drawn manually from
the bSSFP and fit to a 3D b-spline

» Measured time shifts were plotted
against centerline distances

» Linear regression was used to fit
the 3 data points

* Inverse of the fitted slope is PWV
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Results: Local Low Rank Reconstruction

Sub-sampled

» Local low rank reconstruction mltlgated
undersampling artifacts

FuIIy sampled
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Results: Radial vs. Cartesian

 No significant differences between
FB radial and BH Cartesian
« 10,00 radial > Cartesian: p=0.58
« 2,500 radial > Cartesian: p=0.97
* No significant differences in variance
were found (all p>0.4)

« Mean PWV (zstandard deviation) for
each acquisition are:

« BH Cartesian: 7.90 + 4.88 m/s

 FB Radial (10,000): 7.85+ 4.07 m/s

 FB Radial (2,500): 9.46 +6.03 m/s
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Results: Radial vs. Cartesian @

* Moderate, positive correlation between age and aortic PWV
« Other studies have demonstrated this.relationship®

Age vs. Pulse Wave Véiaeity (Racliat]
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Discussion

 FB PWV measures were comparable to BH Cartesian PC scans
« Demonstrates feasibility of FB acquisitions for PWV assessment

« Useful for PWV assessment in populations with breath-hold difficulty

» Local low rank reconstructions ¢ar:be used to reduce scan time, improve
iImage quality, or increase temporal resolution

« Validation studies are needed to compare acquisitions to ground-truth

A

Model extension
with cylindrical caps
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From: Zimmerman, J, et al. Proc Intl Soc Mag Reson. Med 28. 2020; #2280. 5
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