
 

 Abstract– Most brain SPECT imaging procedures are currently 
being performed using general-purpose systems which are unable 
to fully take advantage of the use of clinically available agents. 
We are designing a novel multi-detector, multi-pinhole modular 
dedicated brain SPECT imaging system called AdaptiSPECT-C 
to improve sensitivity and resolution, and address the static and 
dynamic imaging needs. The aim of this study was to evaluate the 
axial and angular sampling sufficiency of a preliminary design of 
the system using simulation of the XCAT and a customized 
Defrise phantom. The simulator as well as image reconstruction 
projector is based on analytical modeling. The results provided 
an insight into the axial and angular sampling of the region-of-
interest of the AdaptiSPECT-C system and possible approaches 
to enhance the image quality in this regard showing that the 
application of approaches for increasing axial and angular 
samples including multipinhole shattering concept can enhance 
the quality of the reconstructed images. 

I. INTRODUCTION

EUROLOGICAL disease diagnosis may be improved by 
exploiting the use of both new and existing clinical 

imaging agents with systems that are capable of performing 
both static and dynamic imaging [1-4]. Most brain SPECT 
imaging procedures are currently being performed using non-
dedicated systems that are somewhat limited in their capability 
and are unable to fully take advantage of the use of clinically 
available agents. 

University of Massachusetts Medical School (UMMS) and 
the University of Arizona (UA) are designing a novel multi-
detector, multi-pinhole modular dedicated brain SPECT 
imaging system called AdaptiSPECT-C. Goals of the 
AdaptiSPECT-C are to achieve an improvement in sensitivity 
and resolution, and address the static and dynamic imaging 
needs in comparison to the clinically available imaging 
systems. AdaptiSPECT-C will be capable of automatically 
adapting its imaging characteristics (aperture size and number 
of pinholes open for imaging) in response to the imaging tasks 
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and individual patients. 
The primary focus of this study was to evaluate the axial 

and angular sampling sufficiency [5-7] of a preliminary design 
of AdaptiSPECT-C using simulation of the XCAT [8] and a 
customized Defrise phantom [9]. 

II. METHODS

A. Preliminary Design of AdaptiSPECT-C

The preliminary design of the system consists of three
detector rings: caudal ring and middle ring each having 9 
heads while the quasi-vertex ring possesses 5 heads (see Fig. 
1). Each detector is combined with a direct double knife-edge 
aperture, 4 mm in diameter. The volume of interest for 
imaging was a 21 cm-diameter spherical volume. 

B. Analytical Simulator and Image Reconstruction

We developed an algorithm for simulation of AdaptiSPECT
system based on analytical modeling [10]. A projector 
software was developed for generation of projection images 
for any voxelized phantom. Various physical characteristics of 
the system including the general geometry, aperture size, 
acceptance angle, detector size, etc. are modeled in the 
simulator. 

Based on the projector code algorithm, a fully 3D image 
reconstruction code was also developed based on maximum-
likelihood expectation-maximization (MLEM) algorithm [11, 
12].  
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Fig. 1.  Lateral view of the preliminary design of AdaptiSPECT-C together
with a cropped XCAT phantom positioned inside it. This design consists of
three detector rings: caudal ring with 9 detectors (shown in red), middle ring
with 9 detectors (shown in green), and quasi-vertex ring with 5 detectors
(shown in blue). 
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C. Phantoms 

The XCAT-based brain phantom was customized based on 
radio-activity in different regions of the brain [13] to simulate 
perfusion. Also, a voxelized quasi-spherical Defrise phantom 
was developed in a way to challenge the sampling sufficiency 
of the system through the whole field-of-view (FOV). The 
Defrise phantom was made up of 13 parallel disks which were 
limited to a virtual sphere of radius 10.4 cm. The maximum 
radius of disks was 9.2 cm and the disk-to-disk pitch size was 
0.8 cm. 

D. Simulations and Analyses 

The Defrise phantom was positioned at the focal point and 
the scan was simulated using the projector code. The resultant 
projection images are shown in Fig. 2. In addition, another 
scan using two more excessive phantom axial translations 
(i.e.a total of  three bed  positions) with axial shifts of 3.2 cm 
and 6.4 cm relative to the initial position was simulated. This 
simulation  shows the effect of more axial sampling  on  the 
reconstructed images. For all the reconstructed images, the 
voxel size was set to 4 mm. 
Moreover, the voxelized brain phantom was simulated in two 
approaches for the scan setup. First, the original setup of the 
system was used. But for the second simulation, to increase 
the number of angular samples, in addition to data acquisition 
at the original setup, projection data were aquired after 
rotating the scanner around its axis (equivalent to the long 
body axis). For each of the two simulations, image 
reconstruction was performed using all acquired projection 
data with the pixel size of 2 mm. To compare the 
reconstructed image quality quantitively, normalized mean 
square error (NMSE) was caclcuated for each dataset.  

III. RESULTS 

The reconstructed images of the Defrise phantom showed 
that using more axial samples (three axial translations in this 
study) can result in resolving all the Defrise disks along axial 
direction. Shuttering of additional apertures separated axially 
from the current central ones will be investigated as an 

alternative to axial translation.   
Also, Fig. 3.b and 3.c demonstrate a transverse slice of the 

reconstructed images of the brain phantom for the scanner 
setup without rotation and the scan with one additional 
rotation, respectively. The corresponding slice of the reference 
phantom is shown in Fig. 3.a. The calculated NMSE values for 
the brain phantom reconstructed images using the preliminary 
design of the scanner (i.e. without rotation) and the scan 
simulated with one additional rotation was respectively 0.130 
and 0.119. 

As observed in the reconstructed images, the images 
simulated with higher angular sampling resulted in images 
with reduced NMSE. Shuttering of apertures displaced 
laterally from the central one will be investigated as an 
alternative to rotation of the system.  

IV. CONCLUSION 

Results from this preliminary study provided an insight into 
the axial and angular sampling of the FOV of the 
AdaptiSPECT-C system and possible approaches to enhance 
the image quality, and help us detect and address imaging 
artifacts that may occur to further improve its design. It should 
be noted that with variation of aperture size, the target 
reconstructed resolution for the system is 2 mm hence a voxel 
size of 1 mm will be employed. In the current version of the 
analytical simulator developed, no scatter, attenuation, or 
noise modeling was performed.  
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