The 2D+1 method for an efficient modeling of collimator blur in 3D SPECT imaging

P. Boccacci^∗ P. Bonetto^† P. Brianzi^‡ P. Calvini^§ F. Di Benedetto^¶

A. R. Formiconi^‖ A. Passeri^{∗∗}

Unità operativa di Genova (DIMA) Unità operativa di Firenze

In SPECT (Single Photon Emission Computerized Tomography) it has been shown by several authors that an accurate modeling of the acquisition process can help extract most of the information contained in the experimental data [3, 5]. Collimator blur, attenuation and scatter are the main physical effects which deteriorate SPECT data. From a geometrical point of view, their action is genuinely three-dimensional (3D). Unfortunately, the inclusion in an iterative algorithm of a fully 3D compensation for these effects requires computation times which are usually unacceptable for the standard routine in a clinical environment. This fact hinders a widespread use of this accurate approach and leaves the less expensive (but less accurate) Filtered Back-Projection (FBP) as the most popular reconstruction algorithm in the clinical setting. The geometry of data acquisition in SPECT suggests some obvious two-dimensional (2D) approximate descriptions of the above mentioned deteriorating phenomena. Such approximate descriptions are more convenient from the computational point of view, but the results of their inclusion in an iterative reconstruction algorithm (the so called 2D reconstructions) are not quite satisfactory.

An approximate model for collimator blur (the “2D+1 model”) has been proposed [1] for a fast and accurate compensation of the deterioration of SPECT data due to the structure of SPECT collimators. Basically, the 2D+1 model consists in approximating the actual collimator blur, which has a very complex behaviour, by the combined effect of a uniform blurring along the tomographic axis plus a non uniform blurring in the planes perpendicular to such an axis. One can compensate for the two kinds of blurring at two different stages (twostep methods) or by means of a reconstruction consisting of a single stage. In both cases the 2D+1 model is shown to yield results which are practically indistinguishable from the ones obtained by a fully 3D modeling of collimator blur. The computational burden is practically equivalent to the one of a 2D reconstruction and can be more easily accepted in a clinical environment. Moreover, such an approach permits, in a quite straightforward way, the inclusion of a modeling of attenuation within the “central ray approximation”. The additional computational burden is negligible in the case of uniform attenuation within a convex boundary. Such a hypothesis is reasonable in the case of brain SPECT.

It is also under investigation an alternative discretization approach which allows one to exploit matrix structures arising in the linear system to be solved for computing the reconstruction. The “rotational invariance” of the system yields a sensible spare in that portion of computations involving the angular position of the detector [2].

Appropriate software based on the 2D+1 model and on the Conjugate Gradient has been developed and is presently being tested in the reconstruction of the data acquired by a CERASPECT machine (Digital Scintigraphics Incorporated, Waltham, MA 02154, USA), a brain dedicated SPECT system.

Moreover, the two-step implementation of the 2D+1 approximation proves very suitable for parallelization. In another communication [4] some preliminary results about this problem are presented.

∗INFM - Dipartimento di Fisica, Università di Genova, boccacci@fisica.unige.it.

†Dipartimento di Informatica e Scienza dell’Informazione, Università di Genova, bonetto@duffy.disi.unige.it. ‡Dipartimento di Matematica, Università di Genova, brianzi@dima.unige.it. §INFM - Dipartimento di Fisica, Università di Genova, calvini@ge.infn.it. ¶Dipartimento di Matematica, Università di Genova, dibenede@dima.unige.it.

‖Dipartimento di Fisiopatologia Clinica, Sezione di Medicina Nucleare, Università di Firenze, arf@unifi.it. ∗∗Dipartimento di Fisiopatologia Clinica, Sezione di Medicina Nucleare, Università di Firenze, a.passeri@dfc.unifi.it.

References

[1] P. Boccacci, P. Bonetto, P. Calvini, A.R. Formiconi, A simple model for the efficient correction of collimator blur in 3D SPECT imaging, Inverse Problems 15, n. 4, pp. 907–930 (1999).

[2] P. Brianzi, F. Di Benedetto, Exploiting matrix structures in SPECT models, in Abstract SIMAI ’98 2, pp.

166–167 (1998).

[3] A.R. Formiconi, A. Pupi, A. Passeri, Compensation of spatial system response in SPECT with conjugate gradient reconstruction technique, Phys. Med. Biol. 34, pp. 69–84 (1989).

[4] A. Murli, L. D’Amore, L. Carracciuolo, P. Boccacci, P. Calvini, Parallel software for 3D SPECT imaging based on the 2D+1 approximation of collimator blur, in Analisi Numerica: Metodi e Software Matematico, 19–21 Gennaio 2000, Ferrara.

[5] B.M.W. Tsui, E.C. Frey, X. Zhao, D.S. Lalush, R.E. Johnston, W.H. McCartney, The importance and implementation of accurate 3D compensation methods for quantitative SPECT Phys. Med. Biol. 39, pp. 509–530 (1994).