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Compton PET Hybrid Camera
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In conventional diagnosis of nuclear medicine, image fusion of PET (Positron Emission Tomography) and
SPECT (Single Photon Emission CT) is visually performed by doctors and it was difficult to guarantee the
accuracy of diagnosis because of the movement of organs with different measurement time. The purpose of
this project is to develop a new multi-nuclides simultaneous molecular imaging method based on newly
proposed geometry called Compton TOF-PET hybrid camera. The new geometrical structure consists of two
layers of CeBrs scintillation pixel array to realize the simultaneous imaging of PET and Compton camera.
Simultaneous imaging with the principles of PET and Compton camera will provide the new simultaneous
molecular imaging of PET and SPECT nuclides.

In the developed Compton PET hybrid camera, angular Compton PET Hybrid Camera
resolution of 3 degree as Compton imaging and 2.7 mm
(FWHM) as PET imaging with the reconstruction method of
FBP (Filtered Back Projection) and MLEM (Maximum
Likelihood Estimation Method). By using the developed

hybrid camera, true simultaneous imaging of PET tracer
(18F-FDG) and SPECT tracer(111In) is successfully achieved
by PET and Compton imaging principle for the first time.

The success of simultaneous imaging with another SPECT
tracer (6Ga) and PET tracer ('8F-FDGQ) also shows the
capability in wide range SPECT nuclides.

As a key element of imaging system, 2-inch size crystal of

CeBrs scintillator is successfully grown by zone Bridgman method using new method. The fabricated crystal
shows the performance of good energy resolution 3.8% @662 keV and fast decay time 19 ns. Using the
grown crystals, 8 X 8=64ch pixel array of CeBrs are fabricated and connected to SiPM array to form a pixel
detector. As another key element of TOF imaging system, a new time-over-threshold (TOT) based ASIC was
designed and fabricated with TSMC 0.25 um CMOS process. This ASIC consists of fast current buffers and
current comparators to convert the charge signal from SiPM to digital TOT pulse with fast timing response.
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The measured performance of fabricated 48 channel ASIC shows 54 ps (FWHM) in timing response with
120mW/chip power consumption.

The simultaneous in-vivo imaging of PET and SPECT nuclide was performed and the accumulation of
each nuclide is successfully visualized in one measurement. This simultaneous imaging of multi-nuclides in
the same coordinate will visualize multi-molecules without any movement of organs and contribute to the
diagnosis of cancer kind and early detection. In the PET imaging, heart and brown fat tissues were
visualized by 18F-FDG. In Compton imaging the accumulation of 18F-FDG to heart and bladder was
visualized and that of 11'In-antibody (anti-c-kit mouse monoclonal antibody) to cancer and liver was
successfully visualized. These results are consistent to the measurement by other modalities.

The validation study both in in-vitro and in-vivo imaging shows the effectiveness of new imaging method
based on Compton and PET hybrid camera for realizing the simultaneous imaging of multi-nuclides and

multi-molecules.



