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ABSTRACT

Due to concerns regarding the complications associated with gadolinium-based contrast agents (GBCAS)
in MRI scans, the field of radiology is shifting towards saferoptions such as superparamagnetic iron oxide
nanoparticles (SPIONs) and Magnetic Particle Imaging (MPI). MPI, an innovative tomographic technology,
employs SPIONtracers to achieve real-time, high-definition imaging without the use of ionizing radiation,
thereby ensuring safety by operating at excitation frequencies below 25 kHz.The chemical and physical
characteristics of MPI highlight its safety compared to otherimaging modalities, utilizing the nonlinear
magnetization curve of SPIONs for radiation-free imaging. Tracers like Resovist and Feraheme influence
spatial resolution and signal intensity in MPI. Applications of MPI encompass effective cell tracking,
promising advancements in vascular imaging, and potential uses in oncologyand functional imaging. The
assessment concludes that MPI is a low-risk approach, particularly benefiting patients with chronic kidney
disease and those susceptible to iodinated contrast, with future directions focusing on refining techniques,
creating more advanced nanoparticles, and broadening applications across various medical domains.
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Introduction

The realm of radiology is evolving swiftly, and this is particularly evident with the use of gadolinium-
based contrast agents (GBCAS) in magnetic resonance imaging (MRI) due to theirsafety profile.
However, recent findings have highlighted potential complications of these agents, particularly for
patients with nephrogenic systemic fibrosis (NSF), especially those withstage 4 or 5 renal disease (known
as chronic kidney disease or CKD, with a glomerular filtrationrate below 30 ml/min per 1.73 m2).
Avoiding the risk posed by GBCAs is crucial, especially for vulnerable patients. As an alternative,
superparamagnetic iron oxide nanoparticles (SPIONs) have emerged, with Magnetic Particle Imaging
(MPI) being a notable advancement in this domain. MPI is a novel tomographic technology that utilizes
a tracer called a superparamagnetic iron oxide nanoparticle (SPION), consisting of a surface coating
(typically polyethylene glycol, carboxy dextran, or dextran) surrounding a core of magnetite (Fe304) or
maghemite (Fe203). This technique enables real-time, high-resolution, and highly sensitive imaging
without ionizing radiation, making it safer for specific applications compared to otherimaging methods.
By adjusting the magnetic properties of an iron oxide nanoparticle with a magnetic field gradient, which
Is generated by the nonlinear magnetic properties of thenanoparticle, MPI can achieve exceptional image
clarity. This unique approach allows MPI excitation frequencies to remain below 25 kHz, independent
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of wavelength, while achieving a resolution that is more than six orders of magnitude finer than the
wavelength, typically in millimeters [1,2,3].

Spatial coding in MPI is achieved through external magnetic gradient fields, while signal production
involves periodically changing external magnetic fields. By employing sophisticated tracers and
optimized scanner configurations, MPI can achieve a spatial resolutionof approximately 1 mm. The
essence of MPI lies in leveraging small magnetic particle technology, which is not only widely employed
for its non-destructive nature but also for its ease and speed of deployment. Its radiation-free
characteristic makes it patient-friendly, utilizing the nonlinear magnetization curve of superparamagnetic
nanoparticles, particularly SPIO.

The breakdown of these particles in the liver post-imaging is standard since they are already part of
clinical MRI practices. Signal creation involves the use of periodically changing externalmagnetic fields,
while spatial coding utilizes external magnetic gradient fields. Advanced tracers and optimal scanner
setups contribute to achieving the desired spatial resolution of around 1 mm. Furthermore, the MPI
scanner maximizes the unique properties of SP10s by applying specific magnetic fields through a multi-
layered coil topology, adapting its response accordingly. The primary signal for 3D visualization is the
tracer response, which is amplifiedthrough receiving coils.

The core essence of Magnetic Particle Imaging (MPI) hinges on the utilization of SPION
(Superparamagnetic Iron Oxide Nanoparticle) tracers, which are vital components enabling thetechnique.
These tracers consist of iron oxide nanoparticles exhibiting spontaneous magnetization under the
influence of an applied magnetic field, facilitating the identification ofbodily fluids like blood. Unlike the
human body, which lacks a magnetic interface for magneticfield imaging, even aminor magnetic field can
induce a directional shift. Notably, the propertiesof SPIONSs significantly impact the resolution and signal
intensity achievable with MPI.

Current MPI tracers in use, such as Resovist and Feraheme, are not developed solely based onMPI
physics but rather employ imaging principles. For instance, the T2 relaxation time is shortened in MRI
by incorporating Nano magnetic material, which introduces magnetic micro- gradients to external
magnetic fields, causing a loss of phase coherence in resonance protons and resulting in signal voids in
the MR image.

MPI finds diverse applications, notably in cell tracking. Feraheme, following its FDA approval, has
demonstrated efficacy due to its small size and easy absorption by body cells, making it suitable for cell
tracking. Notably, there are no known side effects even for individuals with kidney issues receiving
iodinated sensitive contrast.

Innovative approaches have been explored to tailor tracers compliant with MPI physics theory.
Modifications in particle size and shape have yielded tracers with significant saturation magnetization,
excellent resolution, and sensitivity in MPI, surpassing commercially availableoptions like VivoTrax.
These bespoke tracers have proven effective in real-time and extended monitoring of stem cells in vivo.
Additionally, MPI holds promise in vascular imaging, surpassing the standard CT perfusion method,
which carries ionizing radiation risks. MPI's capabilities have been demonstrated in measuring cerebral
blood flow in live mice and imagingstroke-related perfusion changes in rodents.

Moreover, MPI's potential extends to cancer imaging by leveraging the enhanced permeabilityand
retention (EPR) effect, allowing for tumor detection even in early stages. Functional imaging applications
of MPI include assessing organ function and monitoring therapies through dynamic SPION distribution
imaging, demonstrating high sensitivity and reduced scan duration. In conclusion, MPI stands as a low-
risk diagnostic imaging method, benefiting patients with chronic kidney disease and those at risk with
iodinated contrast. Its non-invasive, radiation-free nature coupled with high resolution and sensitivity is
revolutionizing diagnostic imaging, with ongoing advancements focusing on refining tracer properties
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and expanding applications across diverse medical fields. Future trends in MP1 entail optimizing imaging
techniques, developing advanced MNPs, and integrating with other imaging modalities for
comprehensive diagnostic approaches. Efforts to address safety concerns and standardize protocols are
expected to drive wider adoption of MPI in research and clinical settings, pavingthe way for
breakthroughs in medical imaging and diagnostics.
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