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Background

Ultra-high field scanners benefits in terms of signal-to-Noise ratio (SNR) and Contrast-to-Noise
ratio (CNR) are undermined by the inhomogeneous propagation of the radiofrequency (RF) field
in the human body at 7T. Parallel transmission technique using multi-channels RF coils is being
explored to solve this issue 2. Our aim is to tackle this hardware problem via passive RF
shimming, i.e. inserting high dielectric constant materials **° or metamaterial structures ® around
the subject to tailor the B;* amplitude. We demonstrated in vitro that the hybridization of four
parallel metallic wires arranged on a square unit cell provides the ability to control RF field
inside a 7T head birdcage equipped with a receive array (1Tx/32Rx - Nova Medical, Wilmington,
MA, USA) ’. Here, we show the first in vivo testing of the hybridized meta-atom (HMA) on two
healthy volunteers with safe sequence protocols designed for RF prototype assessment at 7T &,

Methods

Four 1-mm-diameter brass wires are assembled at the four corners of a 1-cm-side square to form
the HMA structure. The latter is then placed between the birdcage used for transmission and the
receive array. Figure 1 presents a schematics of the experimental setup. MRI acquisitions were
performed using a SC72 gradient dedicated 1Tx/32Rx proton head coil (Nova Medical,
Wilmington, MA, USA) in a 7T Magnetom MRI scanner (Siemens Healthineers, Erlangen,
Germany). Table 1 presents the parameters of the in vivo protocol used. It includes a localizer
(Proton density weighted), a Bo mapping and a flip angle (FA) mapping (XFL sequence °). These
parameters were enforced such that even if all the input power was focused and absorbed within
10g of tissues, the SAR would not exceed the regulatory limits (global and local SAR). The
localizer and FA maps were acquired on three orthogonal slices sequentially. In vivo acquisitions
have been done under local IRB rules on two healthy volunteers.

Results

Results on the first volunteer are presented in Figure 2. It shows the FA map obtained for the
reference scan without HMA in the three orientations (Vref 250V) and the same maps acquired
when a 42-cm-long HMA is inserted (Vref 320V). The bottom row presents the relative gain
between these two scans in percentage. Within the coronal slice, the right hemisphere of the brain
indicates a 28% average gain in FA whereas the left one shows a reduction of 10%. The axial
slice located at the eyes level exhibits an increase of +17% on the HMA side and a reduction of
27% on the opposite side. Meanwhile the loss in the cerebellum region is 34% on average. Figure



3 displays the results obtained on the second volunteer. The same methodology is applied, a
reference scan was done first (Vref 250V), followed by two scans: one with a 40-cm-long HMA
(Vref 275V) and another one with 44-cm-long HMA (Vref 325V) in the same location. Relative
FA gain in percentage is presented in comparison with the reference FA map in each case. The
relative gain in the coronal slice with 40-cm-long HMA is + 9% (similar for 44cm) on the HMA
side and -2% (-9% for 44cm) on the opposite side. The loss in the cerebellum area is around 10%
in each case. The effect in the axial slice is more localized than for the previous volunteer and the
40-cm-long HMA shows benefits on a larger brain volume.

Discussions

The relative FA gain observed in Figure 2 is consistent with the observation made on specific
anthropomorphic phantom 7. While the opposite side of the HMA shows some significant loss,
the improvement on the HMA side is significant considering the poor FA distribution in the
reference map, as usually encountered at 7T due to the volunteer’s head diameter. The second
volunteer, displayed in Figure 3 presents a smaller head diameter which yields a more
homogeneous FA distribution from the coil alone. In this case, we tested two different HMA
lengths. First, we observe that the 40-cm-long HMA only increased the reference voltage by 10%
which is positive regarding the transmit efficiency of the coil (FA with respect to the input
power). Moreover, the size reduction (44cm to 40cm) does not affect strongly the performances
of the HMA in terms of relative FA gain. The results indicate that a reduced length HMA should
be a better solution but also show that the relative gain of the HMA depends on the head diameter
as the load of the birdcage coil changes.

Conclusions

The HMA solution previously studied in vitro was successfully tested on two volunteers. This
technique features the ability to enhance locally the FA distribution together with the possibility
to fill one of the gap usually observed in the brain temporal lobes. Future work will target the
homogenization of FA in the whole brain with possibly the use of multiple elements of various
dimensions. Finally, let us stress the benefits of the HMA solution which provides a cost
effective, long-lasting, and non-toxic solution without being in direct contact with the subject’s
body. This last point is crucial for improving the patient’s comfort during examination.
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1 Tx Birdcage

32 Rx Receive Array

Figure 1 — Schematics of the experimental setup. The HMA (four wires) is represented in brown
and positioned between the receive helmet and the transmit birdcage as in the experiments.
Birdcage shield is not shown.

I = T

Sequence type 2D TFL 2D GRE 2D XFL
RF pulse type Sinc Sinc Sinc
Duration (us) 1000 1000 1000
FA (°) 3 5 3
FR saturation Rect
Sat duration 1000
Sat FA (°) 60
REF voltage 470 470 470
TR (ms) 20000 400 20000
Ny 128 64 64
Multislice mode Sequential Sequential Sequential
Resolution (mm?) 2x2x4 4x4x4 Axdx4
Slice number 3 5 3
TA (min) 2 2 2

Table 1 — Parameters of the “restricted SAR mode” protocol sequences. REF voltage gives the
maximum input allowed by the coil. It is used for the worst case scenario SAR estimation. After a

calibration procedure, approximately half of this value was used during the measurements.
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Figure 2 — Three orientation slices presenting (top row) the reference FA maps (in degrees)
obtained with the coil alone (central row) the FA maps obtained when a 42-cm-long HMA is set.
Orange boxes denote the position of the HMA (not to scale), (bottom row) the relative FA gain in

percentage after the addition of the HMA in the coil. The reference voltage is increased by 28%
for the HMA scan. Black dashed lines denotes the ROI locations.
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Figure 3 — Three orientation slices presenting (top row) the reference FA maps (in degrees)
obtained with the coil alone (second row) the FA maps obtained when a 40-cm-long HMA is set
and (third row) with a 44-cm-long HMA in the same location. Orange boxes denote the position
of the HMA (not to scale). The last two rows present the relative FA gain in percentage after the
addition of the HMA (40cm and 44cm). The reference voltage was increased by 10% (40cm) and

30% (44cm). Black dashed lines denotes the ROI locations.



