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stationary tomographic molecular breast imaging
system utilising 3D position of interaction CZT
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Mammography is widely used as a screening procedure for breast cancer. However, its cancer detection sensi-
tivity is limited in patients with dense breast tissue [1]. Molecular breast imaging (MBI) using a pair of planar
detector arrays has been shown to have high sensitivity even in dense breast tissue [2]. Nonetheless, long
imaging time and radiation dose, that is higher than mammography, impede the widespread adoption of MBI
in clinical practice. Several tomographic MBI systems have been proposed in the past [3-4], including systems
with rotating head or multi-pinhole (MPH) collimation. A prototype of a novel ultra-low-dose MBI system of-
fering tomographic imaging with stationary detectors is currently under development by Kromek. It is based
on the use of dual opposing CZT detector arrays and densely packed MPH collimators leading to significant
multiplexing (MX) in the acquired projections. Proprietary de-multiplexing image reconstruction algorithms
were developed to reduce the adverse effects of the multiplexing artefacts using the high-resolution 3D po-
sition capabilities of CZT detectors. The goal is to achieve at least the same sensitivity for lesion detection
as planar MBI, but with the effective patient dose similar to mammography. This new concept for the MBI
camera and first imaging results from a proof-of-principle prototype were presented in 2021 [5-7]. The perfor-
mance of the prototype was evaluated further and the results, along with further development of the image
reconstruction algorithms, provided a basis for designing and building an upgraded feasibility prototype. The
new prototype is currently under evaluation including spectral and phantom measurements.
The new feasibility prototype was built with an upgraded version of the previously used D-Matrix gamma im-
ager technology. It is comprised of a 2x2 detector array of 5mm thick CZT detectors with Depth-of-Interaction
(DOI) capability and an MPH collimator with 49 pinholes. The spectral performance of the new prototype was
characterised using collimated Am-241 and Co-57 sources (see Fig.1), with uncorrected FWHM of 3.94% and
2.82% respectively. The DOI is calculated using the anode over cathode ratio. The DOI resolution (FWHM)
was measured with a 0.5 mm pencil beam collimator. It slightly varies between 0.93 and 1.02 mm depending
on the depth.
The detector performance is also studied with a detector simulations model based on COMSOL Multiphysics
and GEANT4. The model is a further development of the work presented at iWORID 2017 [8]. The simula-
tions have been improved with the addition of Coulomb repulsion and a pulse shaping model based on the
analytical representation of a pulse shaping circuit outlined in [9] and charge pulses produced by the COM-
SOL model. The goal of the detector simulation model is to provide realistic detector data as an input for the
image reconstruction development and optimisation.
The imaging performance of the new prototype was characterised using a number of “activity-painted”[5]
phantoms. The new image reconstruction and de-noising algorithms were optimised to maximise the contrast-
to-noise ratio (CNR) and reduce the fluctuations of the correlated background noise associated with MPH im-
age reconstruction. The collimator parameters studied were the pinhole size, opening angle, and separation
distance. Non-local noise filtering and a relaxation scheme were applied to the results. The optimal system,
achieving the CNR of ˜15, was obtained with collimator hole size of 1.75 mm, opening angle of 90 and inter-
aperture spacing of 10 mm. An example of the reconstructed 3D image comprised of a 6 mm “lesion”on a
uniform background obtained with Tc-99m is shown in Fig.2.
The latest experimental and simulation results indicate that we can achieve the goal of the dose reduction to
the mammography level and a strong reduction in the measurement time from current 40 min / 4 views to
˜20-25 min. Those achievements remove the main regulatory roadblocks defined by American College of Ra-



diology [10] which have prevented the acceptance of MBI as a screening modality for detecting breast cancer.
In addition, the combination of the dose and time reduction makes our Ultra-Low-Dose Tomographic MBI
technology more competitive with other modalities that are currently being evaluated for screening patients
with dense breast tissue.
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