4D flow of theWholeHeart and Great Vesselsat 3T Using Real Time Self Respiratory Gating.
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Introduction: Four Dimensional (4D) flow has been introduced as a means of acquiring anatomical 4D ﬂlow data

and three-directional velocity information for pixels within a three dimensional volume over different Cutig S

time points [1]. The acquisition time for such data sets is extremely long and respirator Center . Cross Segment s Acquire new
comper;sation is required. I(Elavigator beams have been used in a study of bloc})]d flov% hemodynzmic o}t]” Profie P | corrtacon scprt? [~ ::;';:f:t
the entire aorta [2], however they could disturb the steady state and are time consuming. Indeed, to no

study the blood dynamic of the whole heart, flow information over the entire cardiac cycle is updute Re-ucquire
necessary. Self respiratory navigation can overcome these limitations. The use of a K, profile for self Learning ~ projection Window ::;";::,f"m
respiratory navigation has been recently demonstrated [3] for whole heart cine imaging and in Stage posielon

phantom studies for phase contrast (PC) MR [4]. Here, we present an extension of this approach to 1—:"; ency ™

acquire 4D flow data of an isotropic non angulated volume of the whole heart and great vessel in a yes )

free breathing scan. Results showed a strong correspondence between flow patterns obtained using M~———

this technique and with 2D phase contrast scans for different views of the heart. This approach Figure 1. Block diagram of the algorithm to gate the 4D
represents an important advance for the characterization of the blood flow hemodynamics in the flow sequence in real time.

whole heart and a step forward to simplify cardiac MR examinations.
Materials and Methods: Self navigation: A 3D Fast Field Echo (FFE) PC sequence, with retrospective cardiac gating
was used to acquire 4D flow data (Fig 1). The three flow directions and an anatomical image were obtained from a four
flow hadamard encoded bipolar gradients [5], which were consecutively acquired to minimize motion artifacts in the
phase-difference images. The sequence was modified to enable the acquisition of an extra K, profile for all four flows
encodes at certain time intervals (e.g. every 70 ms) A specific coil element of a 6 cardiac coil channel was used to
process Ky profiles in a similar way as done in [3] (see fig 1). A fourier transform along the read out direction (Feet
Head) yielded a projection of the whole volume. The breathing motion was obtained cross correlating the projections

with a reference projection kernel in real time. This reference projection corresponded to an exhale respiratory position Figure 2: Real time display of kg
which was determined during the first 10 second of the scan. This respiratory signal was used to gate the sequence, i.e projection along time. Blue lines
a windows of acceptance in millimeters determined whether the k-space data was accepted or rejected. If the efficiency represent the window of acceptance;
of the scan was below 25%, the position of the acceptance windows was recalculated based on a histogram of the red lines cross correlation signal, and
positions over the last 30 seconds (drift correction). Experiments: All the modifications were completely integrated green lines the size of the projection

into the software of a 3T Philips clinical scanner. A non angulated sagittal
volume, 4D flow encoded, covering the whole heart and great vessels was
acquired in 4 volunteers during a respiratory gated scan. The imaging parameters
were 20-25 cardiac phases reconstructed form 15-18 acquired phases, resolution
of 2.5x2.5x2.5, 25-30 slices interpolate 50-60, TR/TE = 4.1/2.1 and flip angle =
5°. For comparison, through-plane flows oriented at different views of the heart
(transversal, coronal and in the Aorta (AO) and Pulmonary Artery (PA) just
above the valves) were acquired (imaging parameters were: 25-30 cardiac phases
reconstructed form 19-23 acquired phases, resolution of 2.2x2.2x 10 mm ,
TR/TE = 4.1/2.1 and flip angle = 15°). Quantification and visualization of the 4D
flow were performed using a research software [5].
Results: In all volunteers a reliable respiratory signal was obtained (see Fig 2).
The efficiency of the scan was around 60-75% with a total scan time of 10-12 ; B N
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}nformatlon Of_ the _WhOIE heart  could Figure 4. Flow comparison between 2D through-plane flow and 4D flow reformatted slices at the same view. The
improve the diagnosis and treatment of flow was measure in A) the descending aorta (Des Ao) form a transversal slice, B) in the Aorta (AO) just above the
such diseases. valves C) in the Aortic Arch (AA) from a coronal slice, and in D) in the Pulmonary Artery (PA). Good agreement
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between the 2D and 4D flow was found for the different orientations.
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