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Flexible 32-Channel '3C MRI Head Array: An EEG-Lookalike Design Approach

Juan Diego Sanchez Heredia', Wenjun Wang'?, Vitaliy Zhurbenko?, and Jan Henrik Ardenkjeer-Larsen’
"Department of Health Technology, Technical University of Denmark (DTU), Kgs. Lyngby, Denmark, 2Department of Electrical Engineering, Technical University of Denmark (DTU), Kgs. Lyngby, Denmark

Synopsis

We propose a design concept for flexible human head coil arrays applicable to a wide frequency range. Electrically, the design relies on high
decoupling obtained through a controlled high mismatched connection to the low-impedance preamplifiers. Mechanically, the array is built into a
neoprene EEG cap, and made of regular-copper flexible wire. The array layout is designed to have an axis to stretch along, therefore allowing tight
fit to a variety of human-head sizes. A 32-channel prototype for '3C at 3T (32.1 MHz) is presented and evaluated, showing SNR performance
superior to a '3C-dedicated volume coil.

Introduction

Hyperpolarized '3C metabolic imaging is emerging as an important tool to investigate the human brain, both in the healthy and diseased'2. Even
with the large increase in available polarization provided by dissolution DNP3, the SNR available in '3C brain metabolic imaging is still limited, and
efforts on maximizing the sensitivity of receiver arrays are still necessary. The low frequency of '>C compared to 'H, makes receive arrays of very
high number of channels not necessarily beneficial when compared to volume coils, due to high electronic noise and poor sample loading®. In this
work, we propose a design of a '3C human head receive array, where we maximize the sample loading by making the whole array flexible, and
integrating the array into a neoprene headcap (like those used for EEG). The individual coil elements are made of standard copper wires, and high
mismatch to the preamplifiers is created to generate high decoupling, as described in>. The coil elements are sewn into the neoprene headcap in
such a way that the headcap can be stretched along the sagittal axis of the array, therefore allowing tight fit to different head sizes. The SNR
provided by the array is measured over the whole brain region of a human head phantom, and the results compared to a state-of-the-art volume
coil show considerable SNR improvement across most of the region of interest.

Materials and Methods

The individual elements forming the array are made of non-segmented loops, with all electronics integrated into a single PCB>. 'H traps are also
added to improve compatibility with external 'H coils (needed for anatomical mapping to support 'C metabolic imaging). A coil element together
with the PCB is shown in Fig. 1. 32 coil elements are sewn into an EEG neoprene headcap (Artinis Medical Systems). This headcap adapts to heads
of 53 to 61 [cm] perimeter, equivalent to sizes XS to L of standard helmet sizing. Two symmetric assemblies of 13 elements (coil diameter of = 65
[mm], wire thickness of 1.7 [mm]) are placed on the left and right sides of the array. Between these two assemblies, there are 6 elements made of a
thinner wire (thickness = 0.99 [mm]). All coils are overlapped to their nearest neighbors. With this combination of coil elements of different wire
thickness, a preferred axis for stretching is given to the array, which, in this case, is the sagittal axis (dividing the array into left-right). A typical
unloaded-to-loaded Q-ratio for the individual elements was measured to be Q/Q,=220/80 when loaded with a human head. '3C MRS
measurements (CSI, 360x360x20 mm?3, matrix size = 24x24) were performed on a Specific Anthropomorphic Phantom (SAM) to evaluate SNR
performance®. The measurements were repeated over 7 axial slices separated by 20 [mm], covering the whole brain area of the phantom, as
shown in Fig. 2. The performance of the array was compared with a volume coil of the birdcage type (RAPID Biomedical).

Results and Discussion

The measured SNR maps are shown in Fig. 3. The coil array shows uniform performance across the whole brain region, with a superficial SNR of
around 200 compared with 45 for the birdcage. Fig. 4 shows the SNR profiles across the central axes (right-left, anterior-posterior). The central SNR
varies for the different slices, which is expected since the distances from the phantom center to coil elements differ among different slices. Overall,
the SNR provided by the array is superior in most of the brain volume with only slices 1 and 2 presenting areas with lower performance than the
reference volume coil. There is some variation within the noise correlation matrix of the coil array (Fig. 5), and slightly higher values are observed
for coils 14 to 19. This is expected since these are the six elements of the array central axis, which are slightly bigger than the rest. Overall, the 27%
mean of correlation for the whole matrix is reasonable for a flexible array.

Conclusion

Aflexible 32-channel head array has been developed for '3C at 3 T, which shows superior performance for human brain imaging when compared to
a volume coil also dedicated to human brain. The proposed array can accommodate a variety of head sizes, ranging from size XS to L (53 to 61 [cm]
of head perimeter). This result shows that flexible head coils with a high number of channels can be beneficial even for nuclei with low Larmor
frequencies like 3C.
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Figure 1. Coil element used as building blocks of the array. (a) All the electronic components needed (tuning, matching and decoupling circuitry +
LNA) are integrated into one PCB of 31 x 13 x 5 [mm]. (b) Finished coil, including a protective ABS enclosure.
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Figure 2. Fabricated flexible 32-channel '3C receive-only array (f = 32.1 MHz), attached to the head phantom used for MR characterization. The
projection of the 7 slices used for the volumetric characterization is also noted.
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Figure 3. SNR maps of the seven slices covering the whole brain area of the head phantom, and comparison to the results measured with a
reference birdcage coil.

Figure 4. SNR profiles across the central axes (right-left, anterior-posterior) for the seven slices measured. Drawn in black is the same measurement
for the reference birdcage coil.
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Figure 5. Measured noise correlation matrix for the fabricated flexible 32-channel head array.
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