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Abstract—Positron range limits the spatial resolution of PET [7]. In this work we account for positron range ropdelling
images. It has a different effect for different isotopes and it during 3D OSEM reconstruction [8].
propagation materials, therefore it is important to consider it Positron range in water has been measured expé&iliyen
during image reconstruction, in order to obtain the best image  for several medically important isotopes [2], [P]0]. These
quality. Positron range distribution was computed using Monte a5 rements show considerable variation amongom,th
Carlo smulations with PendloPET. The smulation models oo ce the resolution of the detectors was cotbleata
positron trajectories and computes the radial distribution of the . . . -

positron range. This led to the use of Monte Camaulations

annihilation coordinates for the most common isotopes used in - . .
PET: F, UC, BN, %0, %Ga and ®Rb. Range profiles are O estimate positron range [1], [11], [12]. In thisork we

computed for different positron propagation materials, obtaining simulate positron interactions and subsequent datidn,
one kernel profile for each isotope-material combination. These ~ with the PeneloPET code [13]. The trajectories,ildlation
range kernels were introduced in FIRST, a 3D-OSEM image  points, radial and x-projection profiles have bebétained.

reconstruction software, and employed to blur the object during Acquisitions of arimage Qualityphantom (1Q) [14] filled
forward projection. The blurring introduced can be modified  \yithy gifferent isotopes have been simulated for MRGUS

taking into account the material density in which the positron is small animal PET scanneWe compareresolution versus
annihilated, obtained for instance from a CT image. In this way, P

different positron range corrections for each material in the ~ NOiSe properties of the images. Preliminary resusiag high
phantom are considered. We compare resolution and noise  POSitron energy isotopes show significant improvenie the
properties of theimages reconstructed with and without positron spatial resolution of the reconstructed images, p@med with

range modelling. For this purpose, acquisitions of an Image  reconstructions without positron range modelling.
Quality phantom filled with different isotopes have been
simulated for the ARGUS small animal PET scanner. . METHODS

. INTRODUCTION A. Monte Carlo Smulation

The range of positrons in tissue is an importanitétion The continuum energy spectrum distribution of eguiitt

developments in detector technology have reducgdid@r positron range depends mainly on the initial enesfjghe
size and now there are small animal PET scannéhsn&ar 1 posjtron and the number of electrons in the abspiibe,

mm spatial resolution, such as the ARGUS [3]. Thismaterial density [15]. We use PeneloPET [13] fonuating
resolution is comparable to positron range of mesamonly  nositron range. PeneloPET may deal with positrorgeain
used isotopes (see Table I). Positron range appeaes two ways:

blurring of the reconstructed image. Based on nredsu ) ) o o
positron range functions, Derenzo [4] proposed thateto 1. Positron trajectory and initial energy is simulafed
remove the blurring in the reconstructed imagesFBP. €ach positron coming from the decay process. Teasd to
Recently, there have been developed new methodsriove ~ accurate results, at the expense of increased datigpu
positron range blurring using MAP during reconstiarc[5]-  tIme.

2. The positron annihilation point is randomly cbios
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[8]. We take the first method, because in this chsks
possible to adapt the blurring introduced as atfanof the
material properties (electronic density, effectig of the
object in which positrons are annihilated.

The positron range corrected OSEM algorithm for theWlth

forward projection reads:

]
ZC‘I

B. Image reconstruction using different isotopes.

Fig. 1 shows the comparison of the I1Q filled witfF
images, obtained using 3D-OSEM, with and withougifpon
range effects in the reconstruction. Figstibws the 1Q filled
®8Ga images, with and without positron range coroesti
in the reconstruction algorithm. In both cases, 10étse
(measured in uniform regions) images are compared.

Table Il shows the resolution and RC values foedain
level of noise, obtained for the 3 mm rod for tReghantom,
filled with ®®Ga, reconstructed with 3D-OSEM with and

Where x is the object blurred by positron range whichWwithout range corrections. Images were reconstductEng

we forward project. X is obtained by a convolution of the

initial object with a blurring functionp, which can be
obtained from positron range profiles [1]:

zxj—h'ph
th

Acquisitions for the ARGUS smaII animal PET scanokr
an Image Quality phantom [14] filled withiF, **C, *°0 and
®8Ga isotopes have been simulated with PeneloPETseThe
simulated acquisitions have been reconstructed witBD-
OSEM procedure [8], with and without positron range
modeling. To measure the image quality in our
reconstructions, we compared the resolution andvesy
coefficient [16] (RC) variation against noise oétimage, for
several iterations and subset choices.

In order to measure the effect of different materia the
positron range, we have simulated a cylinder phargb5 cm
of diameter and 5 cm length, centered in the FAMdfwith
water. It contains a 1 cm off-centered rod of boregerial, 1
cm of diameter and the same length as the cylintieo
point sources with low activity were simulated, qdd at
(1,0,0) cm inside water, and at (-1,0,0) cm inshme,
respectively.

x = X; Ops-te—-

[ll. RESULTS

A. Monte Carlo Smulation

Table | shows mean and maximum range of positrons i
water obtained with PeneloPET, compared to thexaeti
values [17]. Fair agreement is obtained for alldpes.

TABLE |: SIMULATED AND EXPERIMENTAL POSITRON RANGE IN WATER
Mean range Max. range Mean rang: Max range

PeneloPET PeneloPET [17] (mm)  [17] (mm)
(mm) (mm)

182 0.61 2.3 0.64 2.3
e 1.04 3.9 1.03 3.9
18\ 1.31 5.1 1.32 5.1
%0 2.00 7.9 2.01 8.0
%Ga 2.21 8.9 2.24 8.9
82Rb 4.24 16.7 4.29 16.5

20 iterations of 10 subsets and results of eachtitm are
compared. We can see a significant improvemenmiagée
quality (resolution and RC for a given noise levelhen
positron range is considered during the reconstnct
especially for higher energy isotopes.
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Fig. 1. 1Q phantom filled with®F reconstructed with 3D OSEM. Without
range corrections (A) and with range correction$. (B both cases, 10%
noise images are compared. In panel C, count lioélgs along the 2 and 3
mm rods (arrow in the images) are shown
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Fig. 2. 1Q phantom filled witf®Ga reconstructed with 3D OSEM. Without

range corrections (A) and with range corrections (B0% noise images are
compared. In panel C, count line profiles along2tend 3 mm rods (arrow in
the images) are shown.



TABLE Il: RESOLUTION AND RECOVERY COEFICIENT VALUES OSEM reconstruction with and without positron range
FOR A GIVEN NOISE LEVEL, OBTAINED FOR THE 3D OSEM

RECONSTRUCTION WITH AND WITHOUT RANGE CORRECTION corrections.
OF AN IQ PHANTOM FILLED WITH%Ga, TABLE Ill: FWHM OF *8F AND %8Ga LINE SOURCES AFTER 3D OSEM
68Ga (without %8Ga (with range RECONSTRUCTION. IMAGES ARE COMPARED AT 10% NOISE.
range correction) correction) FWHM (mm) Without range With range
Noise Resol. RC Resol. RC correction correction
(%) (mm) (%) (mm) (%) Bone Water Bone Water
18,
6.0 2.68 39.3 243 477 .y 1.09 1.13 1.03 1.02
8.0 257 40.4 223 57.7 Ga 1.62 2.01 1.22 1.23
10.0 2.53 40.5 2.06 67.8
12.0 2.50 40.4 198  74.0 IV. CONCLUSION
14.0 2.48 40.5 193 782 Positron range limits the spatial resolution of PRiEges.
We model positron range effects in the 3D-OSEM
C. Image reconstruction using different materials. reconstruction algorithm by means of a blurringnietbased

Fig. 3 shows the images reconstructed of an IQ tohan on the material-dependent radial profile of the ilitation
filled with '8 and®Ga, employing to simulate positron range points obtained with PengIoPET simulatior.15. T.hip'rapch
during reconstruction a density map of the differmaterials has @ small  computational cost, while it improves
employed in this simulation. In the first case, hwitt range  Significantly the quality of the reconstructed imag
correction, the reconstructed size of € and®Ga line rendering material dependent range corrected imdges
sources in water is larger than in bone, which esusn large positron range isotopes, ik&a, practical and useful.
important difference in the respective heightstaf activity
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