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Abstract

Human-scale magnetic particle imaging demands a high sensitivity in acquiring weak magnetization signal from
nanoparticle tracers. The standard receive chain usually includes high-order filtering, multistage amplification, and
broadband noise matching in order to improve signal quality. We incorporate these features into a conventional flux
transformer circuit which employs a magnetoresistive sensor coupled with a gradiometric head coil. This approach
provides low noise level to map the third harmonic response of a 0.5 mL Ferucarbotran sample under 16 mT m™"
DC gradient and 1.5 mT/u, excitation field at 2 kHz. However, high inductance of asymmetric gradiometer was
responsible for a noisy output voltage of an empty bore, limiting the sensitivity up to 1 mgg.. We later adopted
lock-in method to differentiate the signal of a few jgg, sample. Although harmonic noises are signal-disruptive for

higher excitation fields, this technique recognized a 10 ngg. sample under 2.5 mT/u, in the current setup.

. Introduction

Magnetic particle imaging (MPI) is a promising method
for brain diagnostics to address the risk of neurovascu-
lar and neurodegenerative diseases by employing mag-
netic nanoparticles as tracers [1]. The development of
human brain MPI scanner highlights a major issue in
achieving sensitivity limit comparable to the amount of
cellular uptake [2]. In terms of system hardware, large
receive coils are inevitable to cover the dimension of hu-
man head within field of view (FOV) [3], thus leading to
a proportional noise capture. MPI scanner relies on a
sophisticated signal filtering and low-noise amplifica-
tion to improve signal-to-noise ratio (SNR) [4]. A simpler
signal-processing circuit with high SNR is preferable.

Previously, we reported a flux transformer-based re-
ceive chain using a magnetoresistive (MR) sensor for a
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magnetic particle spectroscopy system [5]. Flux trans-
former coupled with a magnetometer module princi-
pally detects magnetization signal of the tracers re-
motely [6]. For similar scenario, we exclusively report
third-harmonic signal characterization of MR sensor-
based receive chain using a standard lock-in method.

Il. Methods and materials

We built a brain MPI scanner with a 168 mmx168 mm
FOV, implementing an asymmetric gradiometer setup
[Figure 1(a)]. A TDK Nivio xMR sensor was connected
to the gradiometer output via flux transformer circuit.
For preliminary test of imaging performance, we used a
0.5 mL Ferucarbotran sample with a high iron concentra-
tion of 56 mgg. mL™. We recorded the third harmonic sig-
nal (13) for 5s under low DC gradient of 16 mT m™! and
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(a) = (b) Image Reconstruction of 28 mgee (0.5 mL) Ferucarbotran (c) Signal Properties at 2.5 mT/ug
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Figure 1: (a) Phase-sensitive detection scheme of raw MR sensor output (Vs) relative to a reference voltage (V;). The filtered
third-harmonic signal (13) is decomposed into V, and V, components. (b) Preliminary test of reconstructing a 0.5 mLliquid
Ferucarbotran point-phantom under a 16 mT m~! DC gradient. The time-varying | V3|(¢) (before the lock-in detection) represents
a broadening | V5|(y, z) signal map of 28 mgg, sample, later correctable upon deconvolution over PSF;. (c) Improved signal quality
using lock-in method under 2.5mT /u,. At a 1 mgg, sample mass, V; and V, can be extracted from a noisy V4(¢) to define its
amplitude (R3) and phase (6;). Light-blue dashed line represents the slope of Ry at 1.5 mT/u, which equals 75 nV/ngg..

one-dimensional excitation field of 1.5 mT/u, at 2kHz. IVV. Conclusion

We later measured V, and V, components of V; for vari-

ous iron mass at constant 0.1 mL volume. We demonstrated an improved sensitivity of brain MPI
scanner by adopting lock-in method for third-harmonic
signal differentiation. A flux transformer with MR sensor
was used to measure magnetization signal from nanopar-
ticle samples, where the sensitivity limit of the system

. . currently reached 10 pgg, for 2.5 mT/u,.
I1l. Results and discussion ‘
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