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INTRODUCTION 

Quantitative extraction of scintigraphic data such as absolute functional pa
rameter can be potential ly improved by use of Single Photon Emission Tomography 
(SPET). After the main factors influencing the precision have been studied 
(Jaszczak, 1981) and taken into account, the major problems affecting quan
t i t a t i v e accuracy of tomographic data remain those of attenuation and the error 
inherent in the reconstruction method. An analytical solution to the problem of 
SPET reconstruction has been proposed (Soussaline, 1981) where the actual 
attenuation effect can be included in the def init ion of the Tomographic Operator 
involved. Such an approach provides the a b i l i t y of obtaining local quantitation 
of the tracer distribution. The aim of this study i s to evaluate the potential 
}f the RIM technique when used in brain studies . 

MATERIAL AND METHOD 

The Regularizing I terat ive Method (RIM) is described in detai l elsewhere 
(Soussaline, 1981 ) and i t s application to the reconstruction of 2 dimensional 
transverse radioactive distribution in an attenuating medium, where u i s set 
as a constant, was studied ' (Soussaline, 1981). The key concept of the RIM 
technique i s the definit ion of a whole c lass of Tomographic Operators (TO), 
which properties are well understood and which lead to a virtual ly exact recons
tructed solution. Another important characteristic I s that the mathematical for
mulation of the solution i s such that information could be provided,rather than 
suppressed, by the attenuation distribution i t s e l f . The Emission Tomographic 
Operator to be solved, i s the following : 

S (r) - f (r«) i I V ( 1 ) d l _ cos h I u (1) dl dr' 
D ' r - r J l ir-r-

wher.e p (1) i s the linear attenuation coeff icient in a domain D of attenuating 



medium, S (r) is a function associated to every point of D, deduced from the set 
of measured data, and f (r) is the distribution function to be extracted, i.e. 
the radioactive concentration. Mathematically simulated and real physical phan
tom studies were performed using a rotating gamma camera based SPET system, des
cribed previously . . ', a General Electric GE 400 T connected to an Inf ormatek 
SIMIS 3 computer system. The phantom studies allowed the evaluation of the exact 
method to be used for the calculation of the solution in the case of a distributed 
activity in the brain surrounded by the skull. Clinical studies were carried out 
with the projection data obtained after tomographic acquisition of the brain using ' 
isopropil-amphetamine 1-123. (AMPI-123) 

RESULTS 

Calibration 

The system calibration i s an important part of the quantitation procedure. The , 
number relating the events counted per unit of time for a known ac t iv i ty concen
tration was determined using a cyl indrical uniform phantom, 15 cm in diameter » 
10 cm long, centered and at 16 cm of the camera face. The l inearity of system 
has been previously established (Soussaline, 1981). The use of such a proce
dure implies that accurate attenuation correction i s effect ive in the f inal tomo
graphic image of the uniform phantom. Also, the non-uniformity correction of the 
camera should be performed carefully, by software. The spectrometrie window i s 
se t up in the same conditions than for c l in i ca l studies, for minimisation of con
trast degradation due to changes in compton-to-photopeak events rat io present at 
etch position of the camera. 

Phantom Studies 

A glass l i f e - s i z e brain phantom alternatively placed or not in a skull i s scanned 
(10^ events/s l ice) while uniformily f i l l e d with a ^9 n Tc solution concentrated 
at 1 yCi/ml. When the attenuation i s distributed uniformly on the same domain than 
the emission distribution, an adapted choice of a relaxation f i l teniug factor and 
a multiplicative function defining the TO properties,allows the convergence of 
the solution at the third i terat ion. Rather than a least-square minimization of 
the projection data difference, the process i s stopped when the variation in the 
to ta l number of events can be neglected. Alternatively, the i teration i s stopped 
when the relat ive uncertainty (SD/Mean), as measured in regions of interest of 
the order of 1 to 3 cm 2, was l e s s than 6 %. This value i s in agrément with the 
theoretical s t a t i s t i c a l precision obtained using the Budinger's relationship 9 
(Budinger, 1977) for tomographic images : FSD % • X.np 3 ' V tic ' 2 relating the 
Fractional Standard Deviation to the number of pixel np and the total number of 
counts nc. For the non-uniform attenuation s i tuation, i . e . the brain phantom sur
rounded by the skull , another multipl icative function i s adapted to accelerate 
the convergence process. In other words, the actual value of the relaxation fac
tor and of the multiplicative function leading to fast convergence and noise f i l 
tering should be precisely studied in every situation of emission/attenuation dis» 
tribut ion domain. 

Mathematical model of the brain was simulated for verif icat ion of the cr i ter ia 
effect iveness and the sens i t iv i ty of the RIM technique to the attenuating contour 
determination (semi-automatic edge detect ion) . An (extrem) error of the order of 
10 7. in the s ize or shape of the brain contour yields to an error on the order of 
37. in the mean number of events per pixel distributed in the reconstructed image 



at the center of the object, after the third iteration. In addition, the contrast 
is degraded when the reconstruction contour is smaller than the actual one. 

Clinical Studies 

Preliminary clinical studies are performed with brain projections, and the RIM 
technique, adapted on the phantom described, is used to reconstruct transverse 
sections accounting for the attenuation effect. A semi automatic edge detectien 
algorithm is integrated in the reconstruction process for the determination of 
the emission-to-attenuation distribution domain. Volumes of interest (of the 
order of 6 cnP) are selected on a brain hemisphere and reported symetrically for 
patients with and without symptom of nervous disease. The symetrical valuer res
pectively founded on normal activity distribution and distribution with hypoac-
tivity are compared to that obtained when a filtered Back Projection (FBP) tech
nique is used. 

CONCLUSION 

The analytical Regularizing Iterative Method is designed to provide fast and 
accurate reconstruction of tomographic images when non-uniform attenuation is to 
be accounted for. 

As Indicated by the phantom studies, this method improves the contrast and the 
signal-to-noise ratio as compared to those obtained with FBP technique. Preliminary 
results obtained in brain studies using AMPI-123 are very encouraging in terms 
of quantitative regional cellular activity. However, the clinical usefulness of 
this mathematically accurate reconstruction procedure is going to be demonstrated, 
in our Institution, in comparing quantitative data in heart or liver studies where 
control values can be obtained. 
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