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Introduction:   In helical SPECT the amount of overlap between 
the projection data plays a role in image quality, besides the time 
per projection and the number of projections. The aim of this 
study was to describe the influence of the amount of overlap in re-
spect to spatial resolution, uniformity and quantification accuracy.

Methods:  A hot rod phantom was filled with 43 MBq In-111 to 
measure the spatial resolution. Various SPECT acquisitions 
were made. Time per projection was 60 s/projection on all ac-
quisitions, the number of projections ranged from 8 to 32 and 
the Quality Factor (QF, the acquisition parameter for the amount 
overlap) ranged from 0.5 to 1. Smaller QF values indicate higher 
overlap. Uniformity and quantification accuracy were measured 
by making SPECT acquisitions of a 3 mL syringe which was 
filled with 15 MBq In-111. The syringe was put into an attenua-
tor filled with water to mimic the attenuation of a mouse. Time 
per projection was 15 s/projection, the number of projections 
ranged from 12 to 24 and the QF ranged from 0.3 to1. SPECT 
was made using a four head NanoSPECT/CT (Bioscan Inc.). 
Nine pinhole apertures with a pinhole diameter of 1.0 mm were 
used for the hot rod phantom SPECT scans, and the pinhole 
diameter was 1.4 mm for the SPECT scans of the syringe. All 
data sets were reconstructed using the OSEM algorithm. The 
number of iterations was nine. The resolution was determined 
by measuring the FWHM of the rods in the resulting images. 
VOI’s were drawn to measure the uniformity and to quantify the 
images of the syringe.

Results:  The spatial resolution improved by an increasing num-
ber of projections, but smaller QF values did not improve spatial 
resolution. Quantification accuracy was high in all SPECT im-
ages. The mean recovery was 98.1% (SD 0.4%). There was no 
difference in quantification accuracy at the various QF settings. 
Uniformity improved when the QF decreased. The best unifor-
mity results were achieved when the number of projections were 
set to 16, the uniformity was less when the number of projec-
tions was set to 20 or 24.

Conclusions:  In this study, spatial resolution and quantification 
accuracy were not influenced by changing the QF value. From 
a previous study we learned that increasing the QF to a value 
above 1 will introduce artifacts in the resulting images having, 
of course, a negative effect on the resolution. Higher overlap 
between the projection data increases the uniformity. The num-
ber of projections also influences the uniformity and, surpris-
ingly, best uniformity was achieved at 16 projections. It is our 
hypothesis that this may be due to the number of subsets in the 
iterative reconstruction. Further research to the influence of the 
reconstruction settings in regard to the number of projections is 
needed to optimize image quality.
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Introduction:   Dynamic PET (positron emission tomography) 
can be used to analyze physiological processes over time, e.g., 
myocardial blood flow. Therefore, the PET data need to be sep-
arated into temporal bins. A simple way reconstructing dynamic 
PET data is to compute a standard EM reconstruction for each 
temporal bin, with the obvious drawback of neglecting the tem-
poral correlation between the bins. One way to overcome this 
problem is to incorporate mathematical models for the analysis 
of the tracer activity over time into the reconstruction process. 
The aim of our work is to show how sparsity methods can be 
use in the framework of kinetic modeling to improve dynamic 
PET reconstructions.

Methods:  We are using a linear model operator developed by 
Reader et al., which is based on a one-compartment model. The 
operator consists of the input curve, exponential basis functions 
and their associated coefficients. The basis functions depend 
on a set of possible perfusion values, which is assumed to be 
large. Assuming the input curve to be known, we are interested 
in recovering the coefficients via a variational formulation. Fur-
thermore, we assume the „true“ perfusion value to be contained 
in the set of possible perfusion values, so we are interested in 
only one coefficient corresponding to the true perfusion value, 
which gives rise to use sparsity methods. In a general varia-
tional formulation we have several possibilities of choosing the 
fidelity and regularization term. One reasonable choice for the 
fidelity term is, of course, to use the Kullback-Leibler divergence, 
to use the information that the radioactive decay follows a Pois-
son process. Another possibility is to use a weighed l2 fidelity 
term, that can be derived by approximating the Kullback-Leibler 
fidelity. For the regularization we are actually interested in find-
ing a sparse solution for each pixel (we want to recover the one 
basis function that corresponds to the perfusion for that pixel), 
so we want to have a regularization like l1,∞. But one could also 
use an EM-TV regularization on the coefficients to identify the 
largest coefficient.

Results:  The ideas above have been tested on both synthetic 
and real data. The real data are from a dynamic PET scan with 
radioactive water being the tracer, thus, showing a low signal-to-
noise ratio. The synthetic data have been simulated to show a 
similar behavior. In both cases, the quality of the reconstructions 
are higher (i.e. less noise, more details) than by reconstructing 
each temporal bin independently.

Conclusions:  The proposed method improves dynamic PET re-
constructions by including the temporal correlation between the 
datasets through a mathematical model.

Acknowledgement/References:   M. Benning et al., A Nonlinear Variational Method for 
Improved Quantification of Myocardial Blood Flow Using Dynamic H215O PET, 2008. 
G.T. Budinger et al., Dynamic single photon emission computed tomography --- basic 
principles and cardiac applications, 2010. A.J. Reader et al., Fully 4D image reconstruction 
by estimation of an input function and spectral coefficients, 2007. A. Sawatzky et al., 
Accurate EM-TV Algorithm in PET with low SNR, 2008. M.N. Wernick et al., Emission 
Tomography: The Fundamentals of PET and SPECT, 2004.


