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Purpose: Multi-modality medical imaging was pioneered with PET/CT and, more recently, SPECT/CT. In this work we report on the development of a
dual-modality, SPECT/MRI pre-clinical research tool and present in vivo dual-modality SPECT/MRI images of a laboratory animal. Previous reports
have shown the ability of semiconductor cadmium-zinc-telluride (CdZnTe, or CZT) to serve as a high-performance, pixellated nuclear imaging device
under strong magnetic fields [1]. A stationary tomographic SPECT system capable of obtaining 24 views simultaneously has been designed [2], fabri-
cated, and tested [3]. Reconstruction algorithms for the 24-view SPECT data are under development [4]. In this work we describe the full system de-
sign, engineering aspects of materials and EMI shielding techniques, calibration and correction methods, and test results of signal cross-talk and simul-
taneous phantom and animal imaging.

Methods: A portable insert has been developed for use within the ~12.0 cm inner diameter of high-field gradient coils used in horizontal pre-clinical MRI
imaging systems (Fig. 1). SPECT imaging requires multiple views from different projections in order to avoid data truncation artifacts. A SPECT barrel
(Fig. 2) consists of up to four rings of eight CZT modules, each with an imaging array of 16 x 16, 1.6 mm
pixels. Fig. 3 shows the octagonal configuration of a single ring of the system. This figure also shows the
SPECT collimation method, namely a cylindrical arrangement of pinholes with a magnification of approx-
imately 1.0. This collimator is configured in close proximity but at a greater radius than the RF coil. Ad-
vanced research is being done on a combined RF coil/pinhole cylinder and this is reported in a separate
abstract. When 24-view, high-resolution tomography is desired, a converging arrangement of pinholes is
used such that the two outer rings of Fig. 2, combined with the center ring, all focus on the same volume of
the animal under study (regional spot-view tomography). For whole body tomography, another collimator
with a spiral arrangement of pinholes is used to give ~8 views per region of the animal for dynamic, limited-
angle SPECT. Due to the limited volume within the magnet bore, magnification of 1.0 limits spatial resolu-
tion to be about 1.5 mm FWHM with the 1.6 mm pixels and a pinhole collimator of 1.0-1.5 mm diameter.
As many as 24 to 32 pinholes simultaneously acquiring data give high count-sensitivity compared with
conventional dual-head, multi-pinhole systems.

Results: Cross-modality EMI testing has been done and an optimum grounding/shielding Figure 1. Engineering sketch of the SPECT
configuration has been achieved. An external docking station has been fabricated for the SPECT imaging system (right), and data acquisition
system to be used on the benchtop and a patient bed in larger-bore magnet systems. electronics (left) within a high-field magnet bore.
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Figure 2. High-resolution (3-ring) configuration Figure 3. Axial view of the center ring, Figure 4. Drawing of the insertion scaffolding
of the SPECT system shown. Whole-body, depicting the cylindrical collimator and the used to insert/align/withdraw the imaging barrel in
dynamic SPECT is achieved with 4 rings.. field-of-view of each detector module. the center of the magnet bore.

Magnification is ~ 1.0.
Discussion: Multi-modality has become the standard for pre-clinical medical research imaging in PET/SPECT/CT systems. We have built and tested a full
functional SPECT system for use in state-of-the art, high-field, 12.0 cm bore MRI systems. Initial phantom ,and animal imaging results will be shown.
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