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An analytical solution to the SPECT reconstruction pro
blem, where the actual attenuation effect can be included, 
was developped using a regularizing iterative method (RIM). 
The potential of this approach in quantitative brain studies 
when using a tracer for cerebrovascular disorders is now 
under evaluation. 
Mathematical simulations for a distributed activity in the 
brain surrounded by the skull and physical phantom studies 
were performed, using a rotating camera based SPECT system, 
allowing the calibration of the system and the evaluation 
of the adapted method to be used. On the simulation studies, 
the contrast obtained along a profile, was less than 5 Z, 
the standard deviation 8 % and the quantitative accuracy 
13%, for a uniform emisison distribution of mean * 100 per 
pixel and a double attenuation coefficient of u - 0.115 
cm"' and 0.15 cm~1. Clinical data obtained after injection 
of 123 I (AMPI) were reconstructed using the RIM without 
and with cerebrovascular diseases or lesion defects. Contour 
finding techniques were used for the delineation of the 
brain and the skull, and measured attenuation coefficients 
were assumed within these two regions. Using volumes of in
terest, selected on homogeneous regions on an hemisphere 
and reported symetrically, the statistical uncertainty for 
300 Kevents in the tomogram was found to be 12 %, the index 
of symetry was of 4 X for normal distribution. 
These results suggest that quantitative SPECT reconstruction 
for brain distribution is feasible, and that combined with 
an adapted tracer and an adequate model physiopathological 
parameters could be extracted. 
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SUPPORTING DATA 

QUANTITATIVE SPECT RECONSTRUCTION FOR BRAIN DISTRIBUTION WITH A NON-UNIFORM 
ATTENUATION USING A REGULARIZING METHOD. 
F. Soussaline, L. Bidaut, C. Raynaud, G. Le Coq. 

The problem of reconstruction of transverse axial distribution is considered 
as the derivation of integral operators which model the actual phenomena involved. 
Thus, three steps are essential in the analytical method proposed : the correct 
modelling of the SPECT detection, the definition of a class of "Tomographic 
operators" which properties are well understood and for which a virtually exact 
and filtered solution can be calculated, finally, the numerical technique which 
is a series of finite order, or an iterative solution which converges rapidly, 
(1). The parameters considered as important for the evaluation of the sought so
lution are : the order of the series, the noise filtering and the quantitative 
accuracy at any point of the reconstructed tomogram. 
Another parameter, crucial for all quantitative reconstruction methods, is that 
of numerical sampling and actual implementation of the analytical solution propo
sed. These were studied in a number of simulated distributions, with the aim of 
evaluating the adapted method to be used for the reconstruction of a distributed 
activity in the brain, surrounded by the attenuating skull. 
A life size brain phantom alternatively placed or not in a skull was scanned 
(2.10 events/slice) while filled with water (using an external uniform flood 

TC source) and, then, filled with a uniform '"Tc solution of knout concentra
tion. This study allowed the evaluation of the average u effective values in 
two different regions (brain and skull). It also calibrated the system in terms 
of absolute activity concentration related to a count rate (2). Mathematical si
mulations allowed the test of the exact method to be implemented for the recons
truction and the evaluation of the parameters to be studied in the obtained 
solution. This represented (figure 1) an elliptical emission domain on the order 
of 350 pixels, with concentrical ellipse for the attenuation second region domain 
of 500 pixels in total. 
Eight patients with or without cerebrovascular disorders or focal lesions, were 

123 
studied after injection of 4 mCi of I (AMPI). The data acquisition were per
formed between 60-100 min after injection. Contour finding techniques were used 
for the delineation of the brain and the skull (figure 2a and 2b). The iterative 
procedure, or the order of the series, was stopped when a number of criteria was 
reached : the variation of the total number of events can be neglected, the con
trast calculated along a choosen profile was maximum, the relative statistical uncer
tainty (rms) in a given region of interest was less than a choosen value depending 
on the distribution. 



Volumes of interest (s 6 cm ) selected on a brain hemisphere and reported sytne-
trically allowed the calculation of an index of symetry (figure 3) in regions 
considered as anatomically homogeneous for tomogram without defects (4 Z) and 
with focal defects (26 Z). 
Clinical usefulness of this mathematically accurate reconstruction procedure 
is to be demonstrated in our Institution in a long term project, using quanti
tative data where control values can be obtained. 
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Fig. 1 - Simulated distribution of a double concentrical 
ellipse representing a radioactive distribution in a 
second attenuation domain (left). On the right, the re
sulting tomogram using a simulated projections with 
u = 0.11 cm-* and 0.15 cm~l and a m e m value/pixel of 
100. 

Fig. 2a Fig. 2b 

Automatic edge finding technique for the emission/ 
attenuation domain in clinical data. 



Fig. 3 - Regions of interest choosen on homogeneous 
distribution and reported symetrically. 
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R E S U M E 

F. SOUSSALINE, L. BIDAUT, C. RAYNAUD, G. LE COQ 

Quantitative SPECT reconstruction for brain distribution with a non-uniform atte
nuation using a regularizing method. 

Le but de cette étude est l'évaluation de l'approche de la méthode itérative ré
gularisante pour la reconstruction de données quantitatives en tomographie d'émis
sion gamma pour les études cérébrales. 
Des études de simulations mathématiques et physiques ont été menées pour adapter 
exactement la méthode au problème posé : celui d'une distribution radioactive 
dans un domaine elliptique entourée d'une région d'atténuation avec un autre coef
ficient caractéristique (celle du crâne). 1 2 3 
Une dizaine de patients, ayant reçu une injection de I (AMPI), produit qui 
franchit la barrière hémato-encéphalique, a été étudiée à l'aide de cette méthode. 
Les paramètres évalués sont les suivants : le contraste calculé le long de profil 
le rapport signal-sur-bruit dans l'image, la précision quantitative et l'indice 
de symétrie entre des petites régions symétriques par rapport à l'axe du patient. 

Soumis à : Congrès de la Sté de Médecine Nucléaire américain - Juin 1983 
à St Louis - Missouri (USA). 


