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Lightweight metasurface pads for passive RF shimming in 3T abdominal imaging
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Synopsis

Abdominal imaging at 3T suffers from B inhomogeneities due to radiofrequency (RF) wavelength reduction. High permittivity dielectric
pads have been introduced as suitable solution to this problem. Such pads can require up to a few kilograms of ceramic powder usually
dispersed in water. This could be detrimental to patient comfort during examination. Here we present a new approach based on thin,
lightweight and flexible metasurface pads. The pads are shown to improve transmit and receive efficiency together with SNR in vitro.

Introduction

3T MRI systems are now routinely used. Given the proton Larmor frequency i.e. 127MHz, the vacuum wavelength is more than 2 meters while
the body high permittivity leads to a significant wavelength reduction, below 30 cm. On that basis, imaging large volumes such as abdomen or
pelvis is problematic, and inhomogeneities of the transmit RF field have been reported . High-permittivity dielectric pads have been used as
an efficient solution . Nevertheless, they tend to be bulky and heavy. Therefore, we developed an alternative approach based on thin and light
metasurface pads. They were inspired from previously presented coupled-wire metasurface coils which were introduced as resonant

devices . Here, we designed passive RF shimming structures with low quality-factor hybridized resonators to prevent detuning of the main RF
coils .

Materials and Methods

Pads designed in the present study worked under the hybridization mode principle and were tested in a 3T Vida MRI scanner (Siemens
Healthineers, Erlangen, Germany). The integrated whole-body birdcage coil was used for transmission, and an 18-ch surface array coil (top) and
a 32-ch spinal cord coil (below) were used for signal reception. Only 12 channels of the spinal cord coil were activated. Pads were positioned on
top and bottom of the phantom (Figure 1). They were inductively coupled to both transmit and receive coils. The phantom used had a T1 of 500
ms, a relative permittivity of 77 and a conductivity of 0.35 S/m.

Flip Angle (FA) maps, SNR maps and their related profiles were acquired with and without the metasurface pads. Using a preconditioning RF
pulse with TFL readout sequence , FA maps were acquired in sagittal and transversal orientations using a 249V reference voltage, TR/TE=
5000/1.8ms, FA= 8°, Sinc pulse= 90°, FOV= 250x400mm, matrix size= 80x128 and 13 contiguous slices of 15mm thickness.

GRE images were acquired to calculate SNR maps (reference voltage= 249V, TR/TE= 5/2.29ms, FA= 5°, FOV= 250x400mm, matrix size= 80x128
and 80 contiguous slices of 5mm thickness). GRE images without RF input power and with uncombined amplitude and phase were acquired for
each individual channel. Noise amplitude was calculated as the standard deviation of the real component of pixel values. With this method,
robust noise statistics were obtained.

Results

FA maps and profiles along distinct lines are shown in Figure 2. The most inhomogeneous regions in the reference maps (e.g. without
metasurfaces) were on the anterior and posterior sides of the phantom (white arrows in Figure 2). The metasurface pads redistributed the
transmit magnetic field. The sagittal profile shows +70% and +120% enhancements in the top and bottom ROls, respectively. These
enhancements were balanced by losses in other regions, farther away from the center of the phantom. In the transverse profile, a maximum
loss of -40% was visible at the left border (position 190 mm).

The SNR maps displayed in Figure 3 illustrate that the metasurface pads did not hampered the efficiency of the receive arrays. Even though









