Phase-Based Quantification of M agnetic Susceptibility in Healthy Volunteersand Patientswith Neurological Disordersat 7T
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Introduction: This study presents a technique for calculating magnetic susceptibilities (x) from the phase of gradient-recalled echo (GRE) images. While
researchers have known for years that x-effects of iron and calcium are visible in GRE phase images of patients with neurological disorders [1-3], this
study is the first to calculate the x. The 7T field strength enables scanning at a spatial resolution that captures the BO field distortions from small features
such as hemorrhages adequately enough for comparison with theoretical models of x-effects on the BO field. This study presents applications going both
from phase to y and from yx to phase. The first application uses phase to calculate y in suspected hemorrhages and calcifications. The second
application uses theoretical x-effects to search for hemorrhages in the phase images. Detection and characterization of hemorrhages and calcifications
is clinically relevant as a surrogate for brain injury following trauma or brain injury secondary to therapeutic radiation.

Methods: Data Acquisition Forty-eight subjects including 25 patients with
brain tumors, 8 patients with traumatic brain injury and 15 volunteers were
scanned on a whole-body 7T MRI (GE Healthcare) with an 8-channel
receive phased array coil (Nova Medical) and head transmitter coil with
active detuning. High-resolution 2D GRE (0.35x0.35x2mm resolution,
18cm FOV, 20° flip, 3 NEX, TE/TR 11.4/250ms, 6.5 min scan) and/or 3D
SPGR (0.35x0.35x1mm resolution, 20cm FOV, 10° flip, TE/TR 16/80ms,
GRAPPA R = 3, 6 min scan) images were acquired. BO field images were
calculated by post-processing the phase of the complex data using in-
house software [4].

Quantification of Magnetic Susceptibility: The theoretical BO field
distortion for a sphere of radius ‘r' is described in [5] as:
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The Ay for suspected hemorrhages and calcifications was calculated by
solving for Ay in Egn. 1.

i ] i Magnetic Susceptibility-Based Feature Selection: The model AB field
Figure 1. In magnitude, y causes signal dropout (red arrows, top). In  gescribed by Egns. 1 and 2 for a hemorrhage (r=2mm, Ay=-1ppm) was
phase, y can be characterized as para- (yellow) or dia-magnetic (blue) resampled to the scan resolution and convolved into the phase to identify
and quantified. Subjects had traumatic brain injury (A), oligo-astrocytoma \yhere the modelled and measured BO fields agreed (Fig. 2).

(B) or glioblastoma multiforme (C-D).

Results and Discussion: Paramagnetic features ranged from -0.13 to -1.18ppm (N=36, meantstdev=-0.3940.13). The paramagnetism was often seen
in traumatic brain injury patients and in brain tumor patients having undergone radiation therapy (e.g. subject in Fig. 1D had undergone gamma knife
radiation therapy) and likely results from iron in hemorrhages. Diamagnetic features ranged from +0.04 to +0.44ppm (N=15, meantstdev=0.18+0.11).
Diamagnetism was seen exclusively in tumors and the choroids plexus and is believed to result from calcification [6]. The Ay was reproducible between
three-dimensional 3T and 7T scans (Fig. 3) and between two and three-dimensional 7T scans (P>0.4, paired t-test). The appearance of x-effects in
magnitude images was highly dependent on scan parameters, did not indicate whether x was para- or diamagnetic, and exaggerated feature size due to
intravoxel dephasing outside the feature (e.g. hemorrhages in Fig. 1A). Phase was used to select for specific BO field profiles to separate hemorrhages
from veins, which were indistinguishable in the magnitude images (Fig. 2).

sax
e -

-3 |

[ g . e
+% e + el
A7 20y O L

Figure 2. Sampling the model y-effect of a hemorrhage (A, axial/sagittal on left/right) at the scan Figure 3. Sagittal 7T magnitude (A), 7T phase (B)
resolution created a convolution kernel (B, inset) well matched to the measured y-effect (B). This and 3T phase (C) images of a patient with
kernel was convolved into the phase image (C) to produce an image (D) identifying which traumatic brain injury.

magnitude hypointensities are likely hemorrhages (arrows, E).

Conclusion: Magnetic susceptibilities were calculated from the phase of 7T GRE scans with preliminary results at 3T. This calculation was robust to
scan parameters and does not require an additional scan because it uses the same data set used for magnitude imaging. The ability to reproducibly
measure Ay could alleviate the need for CT-based detection of calcifications and could have an enormous impact on studies of iron deposition in brain
injury and neurodegenerative disorders.
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