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Study on Fluorescent X-Ray Computed Tomography for Molecular Imaging using
Synchrotron Radiation
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In clinical medicine, nuclear imaging techniques such as positron emission
tomography (PET), and single photon emission CT (SPECT) are quite important tools
to investigate the cause, diagnosis and therapy of diseases at a molecular level. However,
they still have insufficient spatial resolution for detailed diagnosis and investigation. On
the other hand, Fluorescent X-ray CT (FXCT) using a nonradioactive imaging agent,
such as iodine, enables us to establish a low-invasive or non-destructive cross-sectional
imaging method at high sensitivity and at high spatial resolution. FXCT has offered a lot
of important knowledge in both materials science and pathology. FXCT is also of
further potential use in medicine and pharmacology, where it may be used to elucidate
pathophysiology and to discover drugs through in vivo visualization of various disease
processes in small animals such as rat and mouse.

In vivo FXCT has been hampered by the long measurement time, since the
conventional FXCT is based on the first generation type of computed tomography (CT),
which sequentially acquires a set of projections by translational and rotational scans
using pencil-beam geometry. For in vivo imaging, the number of projections and the
data acquisition time for each data point must be remarkably reduced since the
measurements are completed under anesthesia of a subject, resulting in degradation in
image quality. Nevertheless, just a few slices can be obtained for a living small animal
under anesthesia. Therefore, conventional FXCT cannot substitute for PET or SPECT,
which can obtain 3D tomographic images.

In this study, firstly, we investigated the suitability of the conventional FXCT to
molecular imaging, and then discussed the limitation of the conventional FXCT for in
vivo imaging. Next, in order to overcome the problem of long measurement time, we
proposed a novel imaging geometry. Since it can simultaneously obtain a single
projection using a sheet incident beam with a linear array of detectors, the overall



measurement time will be drastically reduced. We performed a proof-of-concept
experiment using a preliminary imaging system constructed at beam line BLNE-5A,
KEK. The efficacy of the proposed method is demonstrated by the reconstructed images
of a physical phantom containing various concentrations of iodine solution, and the
mouse brain that is extracted after intravenous injection of *"I-IMP for observing a
cerebral perfusion and then fixed with formalin. Finally, we discussed the imaging
properties of FXCT based on sheet-beam geometry, such as the minimum detection

limit, the spatial resolution, the quantitativeness, and the measurement time,

<Contents>

1. Introduction

In this chapter, the background, trend, and development of conventional molecular
imaging are introduced, Then, FXCT based on synchrotron radiation is described, where
studies of other research groups are introduced in comparison with ours. After the
present limitation of conventional FXCT is analyzed, the purpose of this study is stated.
2. Fluorescent X-ray CT

In this chapter, the conventional FXCT imaging system and its imaging principle from
the viewpoint of measurement process are illustrated in detail.

3. Molecular Imaging with FXCT

Since the number of projections and the data acquisition time for each data point need to
be reduced for in vivo imaging, resulting in degradation in image quality. Tt is
objectively evaluated how sufficiently the image quality or spatial resolution is
guaranteed under the reduced measurement time and/or a limited number of projections.
Finally, the limitation of the conventional approach is discussed.

4, Imaging protocol based on sheet-beam geometry

In order to overcome the limitation described in chapter 3, FXCT system based on sheet
beam geometry with a linear detector array is introduced. The imaging principle of the
novel imaging from the measurement process is illustrated in detail.

5. Proof-of-concept experiment with sheet-beam FXCT ,

To confirm the efficacy of the proposed imaging proposed, a proof-of-concept experiment
performed using a preliminary imaging system constructed at beam line BLNE-5A, KEK, is
described. The efficacy is demonstrated by reconstructed images of a physical phantom
containing various concentrations of iodine solution, and the mouse brain that is extracted after
intravenous injection of 'YI-IMP for observing the cerebral perfusion and then fixed with

formalin. The suitability of the novel imaging for in vivo imaging is investigated.




6. Present limitations and future works
In this chapter, the future works of the FXCT is overviewed.

7. Conclusion
A summary of the studies about FXCT based on sheet beam geometry is provided with

the potentials of biomedical applications.
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