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Synopsis
There are several benefits to reducing the main magnetic field strength including a reduction of imaging artefacts near metallic implants and the
ability to significantly increase the peak B1+ of the RF pulses due to the reduction in SAR penalty. This enables higher time-bandwidth product (TBP)
for a given RF pulse duration. In this work, we utilized high TBP RF pulses on a high-efficiency transmit coil and a 0.5T MR system to reduce
through-plane distortions caused by metallic implants. In addition to characterizing through-plane distortions, the impact of these pulses on in-plane
distortions and SAR were also characterized.

Introduction
Lower magnetic field strengths offer several advantages for MR imaging near metallic implants. The most prominent advantage is that the severe magnetic field
inhomogeneities caused by the large magnetic susceptibility difference between metallic implants and tissue are reduced . As a result, artefacts associated with
these inhomogeneities—including in-plane  and through-plane distortion  and signal loss due to dephasing —are reduced. A less prominent advantage is
that specific absorption rate (SAR) is also decreased at lower field strengths, which enables the use of higher SAR radiofrequency (RF) pulses. The purpose of
this work is to utilize a high-efficiency transmit (Tx) coil (>50µT) and the low SAR of a 0.5T MR system to reduce through-plane distortions near
metallic implants with high peak B1+, high time-bandwidth product (TBP), RF pulses. The impact of these RF pulses on in-plane and through-plane
distortions as well as SAR were characterized.

Methods
All acquisitions were acquired using an in-house designed head-specific 0.5T MR system equipped with a high-efficiency transmit birdcage (B1+ > 50 µT) and a
high-performance gradient set able to produce a max gradient strength and slew rate of 100 mT/m and 400 T/m/s per axis respectively.

A phantom consisting of a 316L stainless steel compression plate (Fig. 1a), grids, and a doped water solution (12.5mM CuSO4) was constructed. Slice profiles
and 2D spin echo images were acquired with various Shinnar-Le Roux  excitation/refocusing pulses. Slice profile imaging parameters were: RF pulse duration =
2.0 ms, matrix size = 200 x 200, receiver BW = 1250 Hz/pixel, TE = 16 ms, field of view = 200 mm, slice thickness = 5 mm, slice gap = 0.5 mm. For all spin echo
acquisitions the following imaging parameters were held constant: RF pulse duration=2.0 ms, matrix size = 192 x 192, TE = 10.5 ms, field of view = 192 mm,
slice thickness = 5 mm, slice gap = 0.5 mm. The receiver bandwidth of the 2D spin echo acquisitions was varied to highlight the change in in-plane distortion due
to modifying the refocusing bandwidth. A summary of the different RF pulse properties and receiver bandwidths used in each figure are shown in Table 1.

Full-wave electromagnetic simulations were performed in CST microwave studio utilizing a physical model of the high-efficiency transmit birdcage coil. Local 10-
g SAR was computed across a homogeneous phantom (dimensions: 9 x 35 x 35 cm and relative permittivity equal to 80).

Results
Figure 1 shows the use of high TBP excitation pulses to reduce through-plane distortion. The slice profiles of excitation pulses with TBP=12 show substantially
reduced slice distortions from the compression plate compared to TBP = 4. Furthermore, the high bandwidth excitation results in greater signal dropout near the
implant where the off resonance is greatest.

Figure 2 shows that increasing the refocusing bandwidth recovers signal near the metallic implant. This comes at the cost of increased in-plane frequency
encoded related distortions. Increasing the receiver bandwidth (Figure 3) can be used to mitigate this effect, albeit at the cost of SNR.

Figure 4 demonstrates 10-g local SAR. Maximum 10-g SAR met FDA requirements at 4.52 W/kg for the excitation and refocusing pulse train (50 µT peak, 4.5
µT average, played continuously).

Discussion
We used high TBP RF pulses to reduce through-plane distortions near a 316L stainless steel compression plate. This method is not seen as a replacement for
3D-MSI techniques  which are clearly superior in regimes near a metallic implant. Instead we see this as a method to acquire fast images with good
robustness to slice distortions and well defined in-plane distortions.

An alternative to reduce through-plane distortions would be to invert the slice select gradient between excitation and refocusing pulses, a method used for 2D-
MSI.  Combining the gradient reversal technique with straighter slice profiles would translate to fewer spectral offsets needed for full off-resonance coverage.

Bulk distortions (Δx, voxels) along the readout dimension  are described by Δx=Δf/BW  where Δf is the off-resonance frequency (Hz), and BW  is the readout
bandwidth (Hz/voxel). The TBP required can be calculated when given a maximum acceptable displacement and readout bandwidth. Frequency encode
distortions could be reduced further by implementing view angle tilting.

High TBP RF pulses result in large slice-select gradient amplitudes and high slew rate. These modifications to the slice-select waveform can have device-
specific effects on both image quality and safety  that should be considered.

Conclusions
This work demonstrates that one can utilize high available B1+ and SAR headroom to image with large TBP RF pulses, in order to mitigate through-plane
distortions near metallic implants.
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Figures

Table 1. RF pulse and receiver bandwidth properties.
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Figure 1. The use of high bandwidth excitation RF pulses reduces through-plane distortions caused by a 316L stainless steel compression plate (a). Slice
profiles (b), axial images (c), and sagittal reformats (d), are shown for two slices and two excitation time-bandwidth products. Arrows in the sagittal reformat point
to regions of signal pile-up caused by slice distortion which are substantially reduced for higher time-bandwidth product excitation.

Figure 2. Increasing the refocusing time-bandwidth product (TBP) allows signal near the metallic implant to be recovered at the cost of increased in-plane
distortion. Axial images and sagittal reformats show that the acquisition with a TBP=3.9 refocusing pulse has less signal dropout than the TBP=2.7 refocusing
pulse; however, the grid lines are more distorted in the frequency encode direction.

Figure 3. Increasing the receiver bandwidth reduces the in-plane distortions associated with frequency encoding. Images of two slices acquired at different
receiver bandwidths and matching refocusing time bandwidths of 3.9 show the grid lines getting less distorted as the receiver bandwidth increases.

Figure 4. Plots of 10-g local SAR: x-, y-, and z-axis cut-planes are provided through the isocentre of the implant, with an isometric rendering visible in the middle
of the figure.
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