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ifm X & H Development of 3-D Fluorescent X-Ray CT for Preclinical Research

Recent advances in genetic and tissue engineering have yielded rodent models of human dis-
eases that provide important clues regarding their causes, diagnoses, and treatment. Conse-
quently, studies using mice and rats have become important in areas such as molecular biolo-
gy, toxicology, and drug discovery research. In this process, molecular imaging techniques
such as positron emission tomography (PET) and single-photon emission computed tomog-
raphy (SPECT) are important for observing physiological and pathological characteristics.
However, their spatial resolutions remain insufficient. In addition, they require radioactive
imaging agents. Thus, a novel, high-contrast, high-spatial-resolution molecular imaging tech-
nique using non-radioactive imaging agents would be advantageous.

For these reasons, our research group has been developed Fluorescent X-ray Computed To-
mography (FXCT) combining X-ray fluorescent analysis and image reconstruction technique.
In this research, we constructed imaging system using the beamline AR-NE7A at KEK and
developed FXCT imaging technique and reconstruction algorithm for 3D in vivo measure-
ment.

Firstly, we developed scatter correction method using two projections acquired at individual
incident energies just above and below the K-edge of the imaged trace element. We per-
formed a preliminary experiment using a physical phantom and an iodine imaging agent. The
proposed method improved the contrast-to-noise ratio by a factor of more than 2.5 compared
to conventional method.

Then, we applied the compressed sensing technology and image reconstruction to FXCT.
Since compressed sensing enables us to recover the original signal from sparse observation
signals that do not satisfy the Nyquist condition, we succeeded in obtaining the image quality
equivalent to the conventional method from 1/12 times the number of projections, suggesting
that the imaging time can be shortened.

Next, we proposed a multi-pinhole FXCT technique to accelerate the data acquisition process
and enhance the signal-to-noise ratios of the projections. We constructed a 15-pinhole FXCT
imaging system and performed preliminary experiments to investigate its imaging properties
using physical phantoms and an iodine imaging agent. The proposed system could detect an
iodine concentration of 0.038 mg/ml, the minimum required for in-vivo imaging, at a spatial
resolution of about 0.3 mm during anaesthesia duration (90 min). This result suggests that
preclinical molecular imaging is feasible with proposed system.
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Furthermore, we focused on Gold nanoparticles (GNPs) which have attracted atten-
tion in nanomedicine as novel contrast agents for cancer imaging and investigated the
possibility of FXCT in new application areas. We attempted to improve the detection
limit using the relationship between the photoelectric absorption coefficient at the
L-edge energy and the quantum efficiency of the detector used in our research. To
demonstrate the efficacy of this method, we performed an imaging experiment using a phys-
ical phantom. The preliminary study showed that the proposed method achieved a data ac-
quisition time of 20 min at a theoretical detection limit of approximately 0.1 Au mg/ml and
at a spatial resolution of 0.4 mm.
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