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THE EFFECT OF RADIATION TRANSPORT ON SPATIAL 
RESOLUTION 

In recent years gamma camera prototypes based 
on multi a node or c r ossed wire a n ode 
photomultiplier are d e veloping to obtain ve r y 
high spatial resolution values i n SPECT , PET or 
planar gamma camera. If spatial resolution 
increases up to a value less than 1 mm , it is 
worthwhile to know what is the theoretical l imit 
related to the radiatio n transport inside t he 
scint illation crystal. Such limit depends on 
crystal composi t ion and from the energy o f gamma 
ray. To this aim a Mo nte Carlo method was 
developed in combination with a scintillation 
crystal ge9metry consisting in solid of 
10xlOx30 mm volume limiting a 3D-array o~ 
elements each of one with O.lxO . lxO.l mm 
dimension . The Monte Carlo code is based on the 
va riance reduction technique and considers all 
interactions of photons and electr ons inside 
the crystal and records, step by s t e p, the 
deposited energy in each element of the a rray. 
The compositions of four different 
scintillation crystals were simulated: NaI, 
CsI, BGO and YAP (y ttrium Aluminum Perovskit). 
They were irradiated with 14 0 keY and 51 1 ke Y 
photon energy unde r pencil beam geometry. The 
results show the transport o f x - ray 
fluorescence as the most relevant effect in 
spreading the e nergy deposition . In particular 
0 . 5 mm , 1 mm, and 2 mm were the maximum values 
of spot diameter obtained for CsI , NaI and BGO 
respectively . The smallest va l ue of energy 
deposit i on spread was 0.3 rom for yttrium 
Aluminum Perovskit (YAP) . 
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ASSESSMENT OF TRANSVERSE AND AXIAL 
SCATTER DISTRIBUTION IN 2D AND 3D PET WITH 
A SPHERICAL PHANTOM. 

A spherical phantom (18 cm in diameter) has been designed to 
assess transverse and axial scalie r distribut ions. The phantom uses 
a line source which can be oriented in either of two perpendicu lar 
directions. Scans of the line source centered in the sphere or in the 
usual 20 cm cylinder have been acquired using various lower level 
of discrimination (LLO) on the brain Positron Tomograph ECAT 
9538/3 1 operated with and without septa (20 and 3D mode). 

In the 20 mode, fo r a 250 keY LLO, the transverse scalier 
fraction (TSF, equal to Ihe ratio of scattered over unscaltered plus 
scauered events) ranges from 12% (edge plane) to 19% (central 
plane) for the cyl inder and from 8% 10 17% for Ihe sphere. When 
the LLO increa ses up to 550 keY, the difference in TSF does nOt 
exceed 1% (8% for the cylinder and 7 % for the sphere). In the 3D 
mode. at 250 keY, TSF is about 53% for the cylinder and 48 % for 
the·sphere. Both values are lowered by a factor of about 2.7 at 550 
keY. For all values of LLO, the slope of the exponential tails is 
similar for both phantoms, either in the 20 or in the 3D mode. 

Axial scalie r distribution can only be measured with the sphere. 
In the 3D mode, it is quite fl at and the axial sc alier fraction (ASF) 
is 48% whereas in the 20 mode. the scauer tails decrease sharply 
and the ASF is 190/0. At 550 keY, the ASF is 13% in 3D and 6% in 
20 and there are scalier tails up to 625 keY. For all values of LLO, 
the rransverse scatter distribution is sharper than the ax ial one. 

Our resul ts experimentally demonstr3.le that the 20 cm cylinder 
overestimates SF for head scans and that the increase in scauer 
fraction. due to Ihe removal of the septa, is as imponant in the axial 
direction as in the transverse one. We have also found that the ASF 
is more sensitive than the TSF to the value of the LLO. 

This work is supponed by a SIEMENS-FRANCE grant. 
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TH E EFF~CTIVENESS OF RESTORATI ON FILTERING IN A 
DED I CATED BRAIN SPECT S ~STE~ (MeS PECT] . 

We pre s en t t he re su l ts o f Resto r ation Fi l t eri ng 
(RF) f o r HcS PECT , and inte rpre t the m i n terms o f 
i t s novel design . McSPECT consist s o f a c yli n
d r ical co l lima t o r, su rround ed by a s t a t iona r y 
modular detector asse mbly . Fan beam p r oject ion 
data are acqui r ed as the col l imato r r otates 
t hrough 360 deg . The present s t udy allo-."5 
McSPECT ' s pe r formance to be compa r ed wi th othe r 
de s i gn s , and ca n s upply guidelines fo r futu r e 
de signs to provide h i gh r esolution and sens i ti 
vi t y. I n contrast , most p r evious RF stud i e s uti
l ized s i mula t ion s a nd compared t he pe r forma nce 
o f diffe r e nt fil ter s . The r esto r a t ion filters 
u s e d i n this study we r e const r ucted from a mea 
su r e d MTF combi ned ' .. ith an apodi z. ing But t er' .. o r th 
filt e r. The ef f ect iveness o f RF was measure d on 
imag e s of point sou r ces , De r enz.o and Ho f fman 
p ha ntoms , and human studies r econs tructed from 
filte r ed projection data by r amp FBP . RF 
imp r oved : resolut i on by app r , 20\ (except in the 
pe riph e r y of the FOV , because of marginal 
a ngu l ar sampling) ; unifo r mity and isot r opy o f 
t he resolution ; image contrast by 17% . t--lcS? ::: CT 
appe a r s to be be tter suited fo r RF than conven 
t i onal SP ECT syst e ms , because of its p r ecise 
sam p ling characte r istics due to accu r ate colli 
mato r motion and stationa r y detecto r as s embly , 
and because the t-1TF is r elatively s t a tionary due 
to mo r e uniform sampli ng beams provided by the 
foc u s e d collima t or modules . These r esults po int 
t o the need for increased s ampling frequency , 
and a compensat ion techn i que for sampling mis 
a l ig nment e rrors due to collimator inaccu r acies. 
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CLINICAL APPLICATION OF ATTENUATION CORRECTION 
FOR CARDIAC SPECT STIJDIES. 

SPECT evaluation of myocardial perfusion with TI· 201 or Tc-
99m tracers is limited by attenuation artifacts. To overcome this 
problem. we developed an approach to si multaneous ly acq uire 
emission and transmission data us ing a triple head came ra system 
(Picker Prism 3000). A l50mCi Am·24 1 line source was mounted at 
the focal distance of a converging collimator (65cm focal length) 
attached to one of the detectors to collect transmission and emission 
data. The other twO heads were fitted with paralle l hole col limators 10 
acquire emission data. Am-241 was chosen for thc transmission 
source due to its long half life (432yr) and its low photon energy (60 
keY), which minimizes spillover contamination in emission energy 
windows. For TI-201 myocardial perfusion studies. 60 frames of 
transmission and emission projection data were acquired over 360° in 
a 64x64 matrix fo r 20 minutes. Measured transmi ssion count rates 
(59 ± 6 keY window) varied between 30 kcps for posterior 10 17 kcps 
in lateral views, while the emission rate was 2.3kcps (7-l ± 9 keY and 
165 ± 12 keY windows). The Tl·201 downscatter imo the Am·241 
transmission window introduced approximately 1.5 kcps (5·10% of 
transmission counts). This noise was removed by transform ing the 
measu red emiss ion downscatter from the emiss ion detectors to 
fan beam ho le geometry whic h is subtracted from the measured 
transmission dat.a. The conceled transmission projections iteratively 
reconstructed with an e lliptical boundary suppor! to produce 
attenuation maps which were used in the ite rative n:cons tf\l<:tion of 
the emission data. Processing was completed in kss !.han 20 min. 
Fi rs t results from normal T I·201 cardiac studks dl!mo nSlrated 
increased homogeneity of myocardial tracer distri bution as I!xpn:sscd 
as the ratio of maximal to minimal coun tS in a midvl!ntricu lar s licc. 
The ralio for non-corrected data was 1.20 ± 0.02 while the ratio for 
corrected data was 0.99 ± 0.03. Thus. TI·20 1 cardiac sludil!s can be 
attenuation corrected using simultaneous transmiss ion·emiss ion 
tomography without increasin g patient imagin g timl! . This correction 
is expected to improve !.he diagnostic accu racy for dl!lI...'Cuon of CAD. 


