Effect of transmit array phase relationship on local Specific Absorption Rate (SAR)
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INTRODUCTION

This study measured the effect of transmit array phase relationship on local Specific Absorption Rate (SAR) to determine if B; shimming could yield
significantly different "worse case" local SAR levels compared to standard phase relationships. Two different phase configurations for transmit coils
were tested. In the all-in-phase case (Fig. 1A) we observed a SAR distribution along the midline whereas in the standard circular excitation (Fig.1B)
the SAR distribution was lateral. The different distribution between the two cases affected also the SAR values for each tissue, with up three-fold
SAR changes for CSF and nose.

METHODS SAR distribution was computed by means of FDTD simulations for an eight-
channel transmit array coil. A high-resolution (1x1x1mm®) head model based on the
anatomical MRI data of an adult male subject was used [1]. 29-tissues were
manually/automatically segmented. Eight coils were placed on a cylindrical surface
(diameter 250mm) centered around the headmodel (Fig. 1). Each coil was modeled as a
ring (diameter 130mm, thickness 10mm, height 1mm) and driven by a 1A current source
generator. Two different phase distributions were tested: A) same phase (equal to 0) for all
sources (Fig. 1 A); B) circular excitation, i.e. 45° of phase difference between neighbors
coils (Fig. 1 B). In both models, whole-head SAR values were normalized to 3W/kg.
Normalized SAR {W/Kq)

Fig. 1. Eight-channel transmit array coil with Table 1. SAR values for the

high resolution head model (parenchymal tissues Avg. IDg Tz two different models tested
visible). Two different phase excitations were Madel A 200 1486 2203 6113 Values normalized to 3W/K5;
tested (A and B). Phases of the sources are

Model B 300 1105 1307 3274 for whole-head.

reported in yellow.

RESULTS In the all-in-phase case (A) the peak 10g-averaged was 1.5 times higher than the guidelines [2] whereas for the circular excitation (B) it
was 1.1 times higher (Table 1). Furthermore, the 1g averaged SAR showed a higher than two-fold increase in the local peak in case (A) compared to
(B). Finally, the different distribution of SAR in model A (medial) compared to model B (lateral) resulted in three-fold SAR changes for CSF and
nose, and in a two-fold SAR change for the nerve (Table 2).

DISCUSSION The results suggest that there is a local increase in SAR in the center of the head only in the case of all-in-phase excitation (A) and
not for circular excitation (B) (Fig. 2). Similarly to the case of central brightening effect [3, 4], different configurations and different driving modes
of the coils can change the SAR distribution. Furthermore, contrarily to the case of a simple surface coil, the excitation of a single coil, for example
the frontal coil, will result in SAR increases even in occipital areas, due to the cross-coupling between all the coils (data not shown). These possible
“worse cases” should be taken into consideration when estimating SAR distribution and designing B; shimming.

CONCLUSIONS Using FDTD simulations with a high-resolution head model, we show that the transmit array's  Tissue A B
phase relationship can result in local SAR distribution along the midline (all-in-phase case) or laterally (circular  ==F 220 TAY
excitation). Furthermore, the SAR values for each tissue can be greatly affected, with up to three-fold SAR | Grey Matter B4 B37
changes observed for CSF and nose. White Matter 5.0 4.40
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