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Target Audience: Physicists and clinicians interested in chemical shift encoding-based water-fat imaging and contrast-enhanced angiography

Purpose: To separate water and fat signals, Dixon methods commonly rely on amplitude and phase differences between composite signals acquired
at different echo times. These differences are assumed to result from de- and rephasing of the water and fat signals. However, flow can also cause
such differences and can thus induce artifacts'. Previously, a suppression of ghost artifacts was demonstrated, as they arise from pulsatile flow at
defined distances from the originating vessels in bipolar dual-gradient-echo Dixon imaging®. In this work, the effect of flow artifacts inside the ves-
sels is studied, and an extraction of the vessel tree by means of image processing is proposed to facilitate a comprehensive suppression of flow arti-
facts in subtractionless first-pass peripheral angiography®.

Methods: There are mainly three flow-related effects occurring inside the vessels that can lead to leakage and swapping artifacts in bipolar dual-gra-
dient-echo Dixon imaging: First, signal amplitude losses with in-
creasing echo time due to intra-voxel dephasing, second, signal
amplitude gains from odd to even echoes, and third, signal phase
offsets between odd and even echoes, both due to the even echo re-
phasing effect’*. To consider all of these, the vessel tree was seg-
mented on water images produced with a standard water-fat sepa-
ration and a ghost artifact suppression®>. The vesselness likelihood
was determined for each voxel individually by casting a number of
rays isotropically into its neighborhood and computing an intensi-
ty-based centricity value, and high totals of voxel-wise vesselness
likelihood were combined to build up the vessel tree®. Then, in all
included voxels, the higher signal amplitude at the two echo times . :

TE, and TE, was assigned to the water signal, and the fat signal ~ Fi8- 1. Source images produced from the first (left) and the second (middle)
was set to zero. In this way, signal amplitude losses and gains can ~ €cho of a bipolar dual-gradient-echo acquisition, and the difference between
be compensated, on the assumption that no fat is present in these ~ hese source images (right) in arbitrary units.

voxels. Finally, the water-fat Separation was repeated in all other ' I .
X

voxels, this time without imposing smoothness constraints across
vessel boundaries to tolerate potential signal phase offsets.
Flow-related effects inside the vessels and the described approach
to their suppression were studied on data from subtractionless first-
pass peripheral angiography examinations of 14 patients, which
had been imaged with a 3D T;-weighted spoiled dual-gradient-
echo sequence (TE\/TE,=1.8ms/3.0-3.2 ms) at three stations
after injection of 0.1 mmol/kg Gadobutrol (Bayer Healthcare,
Berlin, Germany)3.

Results: Flow-induced signal amplitude differences are illustrated
in Fig. 1 on a selected slice from the aortoiliac station of one pa-
tient. While the ghost artifacts are characterized by higher signal

intensity at TE;, the vessel exhibits higher signal intensity at TE,. 5 % o
Signal phase differences in the vessel and in surrounding muscles § $ $

were similar. The ghost artifacts propagate into the water images, m , K ‘ j l' ¥
and any flow-related signal amplitude differences give rise to leak- / [ y

age artifacts, as seen in Fig. 2. While the ghost artifact suppression
leaves the leakage artifact in the vessel unchanged, the proposed
approach succeeds in restoring the signal intensity in the water
image, based on the vessel tree segmentation shown in Fig. 3.

A dominance of signal amplitude gains over losses from TE; to Fig. 2. Water (top) and fat (bottom) images produced from the source images
TE, was consistently observed inside the vessels, even behind  in Fig. I, without flow artifact suppression (left), with ghost artifact suppres-
stenoses. Neither abrupt signal phase changes at vessel boundaries  sion (middle), and with the proposed flow artifact suppression (right).

nor large signal phase variations inside the vessels were noticed.
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Discussion: The results suggest that reversible signal amplitude
losses in the first echo, which is not flow-compensated, and not ir-
reversible signal amplitude losses in the second echo might be the
primary source of flow artifacts inside the vessels in subtraction-
less first-pass peripheral angiography. The use of a later, second
echo, compared with subtraction first-pass peripheral angiography,
would then be non-critical, and the described approach would
allow preventing leakage of signal from water into fat images.
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