Simultaneous Gating to the Respiratory and Cardiac Cycle with Radial MRI
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Target audience: Researchers and clinicians interested in simetiasly gating to the cardiac and respiratory cycle.

Purpose: Long confirmed a source of variability in superanrd inferior vena cava (SVC, IVC) flow [1] and bxtension internal
jugular vein (1JV) flow, respiratory effects havedn largely ignored in phase-contrast (PC) MR duthé complexity and prolonged
scan when gating both respiratory and cardiac sydtecontrast, venous ultrasound flow measuresaneucted during expiration
breath-holds for reproducibility. The thin, non-raukar, and pliable walls of veins are vulnerablethioracic pressure gradients
occurring during respiration. These flow changegehareviously been shown to affect the SVC [1] gsserial angiography and the
IVC using MR [2], but have not been extended to sneaments in other vascular territories and arerigphin current clinical MRI.
Here we propose a method to retrospectively gateet@ardiac and respiratory cycle for quantitafioer measurements with a radial
acquisition. In vivo results from pilot studiesthre neck and chest are presented.

Methods: Both 2D and 3D [3,4] radial phase-contrast scanshefneck (2D: n = 6, 3D: n = 1) and chest (3D: A% were
performed in both the neck and chest in healthymalers. 2D radial neck scan parameters performéuedevel of the carotid
bulb: FOV = 22 x 22 cm, number of projectionsl0000, 256 points per projection - .86 x .86 frimplane resolution, slice
thickness = 5 mm, temporal resolution = 12 or 1&lie& frames (see below), scan time = 3 min, TRAB2/4.9 mso = 15°,
receiver bandwidth = + 125 kHz, VENC = 70 cm/s. B2 neck sequence: FOV = (18 émumber of projections 40000, 0.7
mm acquired isotropic resolution, scan time = 1h,MIR/TE = 6.4/2.2 msy = 15°, receiver bandwidth = + 167 kHz, VENC
(optimized with 2D Cartesian PC) = 50 cm/s. A lar§®V and higher VENC were used for chest scanspiRetory waveforms
were recorded via system bellows and the positiothé cardiac cycle via ECG. Figure 1 (left) dentaises one possible sorting
pattern with active inspiration and expiration pFgsseparated from transition plateaus, by disegrdktremes and performing a
gradient operation on the respiratory waveform. @beguired radial projections are sorted into ire@n and expiration phases in
an offline reconstruction. Cardiac cine datasetsg@nerated for each phase based on their tim¢ stétinin the cardiac cycle. This
retrospective sorting is possible because eacltowtadhverses through the center of k-space limkthe pseudo-random projection
angle scheme results in minimal undersampling actefAs a result, the phase contrast data is efdgtgated to both the cardiac
and respiratory waveform. For the 1JV data, peak tatal flow measurements were computed for bo¢hripht and left 1JV. For
chest data, total flow was measured in the ascgfibscending aorta, main pulmonary artery, IVC 8N¢.
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Figure 1. Left: Example partitioning of projections into aatirespiratory phases (inspiration - blue shadémgiration - gray shading) using a gradient operatin the
bellows signal. Plateau points are discarded (phiets). Middle: Using these respiratory phasdiima-resolved cardiac reconstruction is performmdirieasurement
of blood flow. Right: when averaged over all voleerts in all venous structures, significantly higheak and total flow are observed during inspiratio

Results & Discussion: Fig. 1 (middle) shows representative

volunteer 13V 2D PC MR blood flow waveforms betweactive

_ inspiration and expiration, with a shifting of th@veform to higher
values for active inspiration. For all venous stunes measured, this
percent change was significantly higher (Fig. htligluring active
inspiration for both peak and total (cardiac) floMeanwhile,
o v ; ' differences in the arteries proved to be insigaific (not shown
% N here). This indicates that despite the smallerelesize caused by
negative pressure compressing veins, the resuliiltgease in
velocity eclipses the effect of constriction to guce larger flow
values as the flow is the product of the mean \loend vessel
area. Figure 2 displays 3D velocity vector plotsngl the length of
Average Velocty (me) the 13V in the neck. Clear differences are agaiseoled between
005 022 ! active inspiration and active inspiration. Using3B acquisition
e _ allows for interrogation of the entire 13V in a gi@, free-breathing
014 031 exam.

Conclusion: The double-gating free-breathing acquisition and
reconstruction technique presented here demorstrate
flexibility radial acquisitions offer for retrosptee sorting of data.
This pilot study exhibits the viability of a nov@D and 3D
reconstruction algorithm that allows for simultansaetrospective
cardiac and respiratory gating.
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