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QUANTIT ATION OF INDI UM -I I I ACIW IT Y IN SPECf. 
T.G. Turkington, R.J. Ja szc:l;j~, D.R . Gilland, K.L. Greer, ami R.E. 
Coleman. Duke University rv1cdic;ll Center, Durham, NC. 

The abilil}' to quantitate aClivity anJ volumes using [n -1ll and 
stanti:mi recollstruction Icchniqucs is studied for its rc1evcncc 10 
monoclonal antibody imaging ant! sub~cquent therapy. We acquired 
data llsing a waler-filled torso-shaped phantom with a 32 Illl :;phcrc. 95 
Illl sphere. 570 ml cylindrical bOllle, and 1500 Ill! liver-shaped insert 
all positioned closely and with aClivity COllct.:Jltnuions of 1.5, 1.5,0.92 
ami O.MpCi/ml. In addition, a 371111 reference boule al I.Sj£i/ml was 
placed outside the phantom for llormaiiz;ll ioll. SCllilralc windows were 
SCI ;Inti acquired for the 172 and 247 kl.:V pholOpeaks and for scalie r 
windows below each. 

The data were recons[ruch:~: by adding both pllotopeak windows 
togethe r before riltercd backl'lojection and subtracting the lower 
scal1er window (k=.4) and a!lenuation correction (Chang) using an 
"average" narrow beam factor O.135/cm, with the a!lcnu:ttion map 
detcrmined by outlining reconstructed scatter data. In a sccond 
1l11;thod, the higher-energy window was also reconstructed separately 
with no scatter subtraction and allenuation constant selected to give a 
nat profile in the "liver". 

Counts were summed from regions of interest set manually for 
each slicefor each object. Voluilles were <Jctennined by measuring the 
activity concentration at the middle of each object and div iding inlo 
the total activity detemlined. CO]'fer..:ting the COUllt sums in cHcll object 
by the ratio of known activity in Ihe ref. boule to IOtal counts measured 
in projection data, errors were 4% - 43% for the four objects, and 
volume uetenninations gave errors of 3%-7% for the first method. 
The second method gave acl. errors of 6%- 15% and vol. errors 4%·7% 

The study indicates that re;lsonable ljuantitation nlay be done llsing 
I-III. The use of only 247 keV photons has the advantage th:lt scatter 
subtraction is not required in sclec\l.!d situations. Further optimization 
of k-vaille and allenllatiorl correctioll will improve both methods. 
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AN ARTIFICIAL NEURAL NElWORK FOR LESION 
DETECTION FROM SPECT IMAGES. C E Floyd J( . 
G.D.Tourassi, S. Garg, M.T. Munley, J .E. Bowsher, R.E . 
Coleman, Duke University Medical Center, Durham, NC. 

An artificial neural network has been developed to detect 
non-active lesions in reconstructed S PECT images. 

Projection data were simulated using a Monte Carlo 
model of SPECT acquisition from a cylinder of activity 
containing 30,000 counts and a 2cm defect lesion. Images 
were reconstructed using filtered backprojection. A single 
layer perceptron neural network was trained by supervised 
learning with a modified delta rule for 100 iterations on 400 
examples. Perceptron network topology forms a non- linear 
output as a function of a weighted neighborhood sum which 
is compared to a threshold to determine presence of a lesion. 
Network weights were adjusted to minimize the mean 
squared error for detection using a gradient decent. The 
trained network was then aflplied to a set of 120 images (60 
containing lesions). True positive and false positive de
tection ratios were formed from the network response for a 
Receiver Operating Characteristic (ROC) study. The same 
images were used in a human observer ROC ranking study. 

The trained neu ra l network performed significantly beUer 
than the human observers with an area of 0 .86 (network) 
compared 0.68 (human) . Train ing time for 100 iterations on 
400 examples was less than 2 min. 

This study demonst rates that lesion detection in noisy 
SPECT images is a suitable task for a simple neural network 
architecture when the background is uniform. 
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OBJECT AND ALGORITHM DEPENDENCE OF BiAS AND 
VARIANCE FOR ART, MULTIPLICATIVE ART, AND THE 
E-M ALGORITHM . LA. Slil !llOS. N. H . Cl inlhorne, W.L. 
Rogers. Division of Nucleilr M ed icine, Ulliversfty of 
Michigan, Ann Arbor, MY. \ 
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Although iterative recon struction a lgo rithm s are 
advantageous for non-standard imag ing geometries, for 
spat ially variant imaging systems, and fo r attelHt<llion and 
sca tter co rrect ion, the criteria for terminating iteri.'ltions are 
poorly understood. 

We hilve examined object-and-algo rithm-dependencc 
upon iteration for the weB-defined ta sk of quan tifying the 
activity in known regions of interest. Bias in the estimate 
was evaluated from noise-free simulilted data for an imaging 
system w ith 10 mm FW H M Gaussia n response. Variance 
was determined from 50 noisy realizations of the data. 

Plots of bias versus variilllce and of RtvtS error 
demonstrate extreme differences in the convergence 
trajectory for the 3 algorithms and for different regions of \he 
object. 

The number o f it erations to rea ch a minimum RMS error 
depends upon region size. For ART, minimum error in a 14 
mm diameter region is re<lL'hed at 12 iterations, while fo r a 
10.5 mm diameter region, the error is s till decreasing at 50 
iterations. 

This regional dependence in stopping point sugges ls that 
g lobal error cr iteria are less than optimal and that spatia lly. 
dependent regularization methods should be investigated in 
lieu of a stopping criterion. 
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OPTrMIZATION OF TRANSM ISS ION SOURCE COLLIMATION 
POR SPECT AND PLA NAR IMAG ING ATTENUAT ION 
MEASUREMENTS . A N !li ce, L.D. Durack, J.F. Eary. 
Universi ty of Washington Medical Center, Seatlle, W A. 

Transmission measurements are one method o f estimating single 
photon attenuation for quantitative rotating gamma camera SPEcr and 
conju gate-view planar imagi ng. Often these transmission 
me,lsurements arc performed without souree coll imation . 
Consequently, corrections for th e inclusion of large numbers of 
scattered events are necessary before detennination of allenuation 
coefficients. Alternatively, available gamma camera parallel hole 
collimators can be used to collimate sheet source photons, thereby 
suppress in g the scatter problem, but at a cost of significantly reduced 
transmi ss ion coullt ing rates. 13ecause optimal parameters for 
transmission source collimator design have not been reported we 
performed experimental measurements and detailed Monte Carlo 
silllulations of 1-131 and Tc-99mtransmission measurements of tissue 
(w;\ter) to examine the relalionship octwecl\ source collimation, source 
energy, % scalier in the lransmbsion measurement and transmission 
source collimator sensitivilY. For transmission measurements we find: 
I ) most recorded scalier events come from source photons emillcd 
> 10 deg rees from the desired transmission direction, 2) ne:lrly all 
recorded unscallered transmission cv~nts cOTlle from source photons 
emitted < 7 degrees (primaril y within 2-6 degrees) from the desired 
transmission direction, and 3) transmission collim:ltor sensit ivity 
increases wit h increasing parallel hole width. These results indicate: a) 
that for transmission source collimation, currently aV;lilable paralle l 
hole collimators arc geometrically subopt imal (i.e., hole-widths too 
small and angular restrictioll too severe). and b) with the COlTect 
desigll, up to four-fold improvements in source collimator sensitivity 
may be achievable while maintaining low % scalier in lransmission 
estimates of ti sslie attelluation. 

Instrumentation and Data Analysis: General: Com
puter Modeling, Image Processing and Detection 

10:30-12:00 Session 56 Rooms 222-232 
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PLWAR IHAGIIIG AT 511keV wnl! A G.!JUlA CAll£R). AlID HtGH-E/I[RGY COLLIIiATOR. 
A van Lingen, PC Huijqens, Fe Visser , OS H~~.stra, JD Herscheid , GJJ ·Teule . 
Free Uni'.'crsity Hospital, .~nsterddn , The lIett.erlands. 

The Journal of Nuclear Medicine 
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A special high energy all purpose (SIlE.l.P) collillator '.as designed for iOdging 
positron coitters (e.g. f -18j . Bore length, hole di alleter and septuD thickness 
'.ere 100, 4.6, 2.0111 respi!ctiveJy. The perforllance of this colliOdtor for f-18 
~'<~s cOllpared to lOdging of routinely used isotopes and collioators: '1"1 -201, 
Tc-99n (HAP), and Ga-67 (MBP). '[he 20% lI'inJo<~s ... ere centered at 84 (TI), 142 
(Te), and 93,18 4, and 296keV (Ga) . 
Linesources ... ere applied in air and in '~ater at distances fron 2.5 to 20co 
fr oD the collillator to assess spatial resolution and the effeel of scatter. 
Resolution was neasured by tht! full ~'idth at half naxillull (HiHH) of the line 
spread function, and the effect of scatter by the full \IIid th at tenth odxiouo 
(FIVTH) • 
'(he HmH in air for F·18 ... as ~·o rse than tnat of each of the other coli ina· 
tor/isotope coobi nations at every distance . In water at distances of 5cll and 
lIore the ft.:l!H of SHHP/F·18 tJas conparable to that of the lnp/Tc· 99n and 
appreciably better than wi th the lEAPiTI · 201 or Im.P/Ga· 67. These differences 
... ere even nore pronounced fo r the HiT)! and can be attributed to the scatter. 
'(hese observations can be expla ined by the relative deterioration in the 
ability of the canera to reject scattered radiation at 10 ... energies. 
'("he perfonance of the 511keV coHinator was also tested under realistic 
conditions. \ole investigated the quality of planar F- lS·deoxyqlucose ioaqt:!s in 
patients with a lIyocardial infarction and patients '.itll a oaliqn:tlll l\,~pt.oca 
durinq treatllent. In both situations cl in ically relevant inforoation on tissue 
viability could be obtained. 
It is concluded that pos itron eoitters can be effectively icaged ~' ilh general 
ly ava ilable ganlla caleras. ,(·he results of the present study indicate that 
sOlie of the benefits of PET radiophartlaceuticals nay find a place in the 
practice of conventional nuclear tlc.dieine . 
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IIIGH RESOLUTION PI NIIOLE SEQUENCE IMAG ING OF 
SMALL LAUORATORY AN IMALS. R.H. Moo re, 1-1 . 01l1<lni, 
B.A. Khaw, H .W. Strauss . Massachuselts Gene rai llospital, 
Bos ton, MA. 

Small pinhole illlaging ;ll hig h mngnificntion permits the use of 
normal and largc-fielu-of-view camcras to image 1-5 cm fields of 
view in a reasonahl e timc. Because pinhole scnsitivity rises 
dramatically as object dis tance decreases, one-111111 pinhole 
collimators can be lIsed fur small -ani mal gated b lood pool or 
thalliulll planar imaging in a 15 minute timcframe. The geomctry 
of high-magnification pinho le imaging also fits the assumptions 
of cone-beam reconstruction. A pilot study was pc rformed to 
d c term ine the feasihility of hi gh rcsolu tion sequelliial pinhole 
imaging in rats. Following acute coronary ligation ami injections 
of 3.5 mCi of TI -201 and 18.2 mCi Tc-glucaratc, the animal was 
sacrificed by ether overdose . A cylindrira l lex<ln rat-restraine r 
was mounted on an indexed turntahle to pe rmit manual rotation 
of the anilllal ahout a vertical axis . Sixty onc-minute images were 
col1c(tcd by rotating the IlIrntable in 6-dcgrcc in crements, Ii si ng 
'.n (25 % ) an~ Tc(20% ) windows. Cin c -Ioop prcsentation of these 
II.llagcs IHo~',des a s lr~) llg SC IlS.C of ~cp th hascd 011 cucs 0 1 varying 
s ize and brIghtncss wl\h rol:I\IOII. 1 hc data sc ts were merged for 
presentat ion by altcrnate-pi .xcl mlor coding of the '1'1 
distribution, in bluc and the Glucarate, in ycllow. ln e ach of s ixty 
f~ames the data wcre me rgcd so that odd-numhcred pi .xe ls wcre 
1 1 data alai even-nulllhcrcu daw. wcre Glucaratc data . This 
allows visllaltracking of tht.: two distributio!1 s for their spatial 
c<?llIext: Cone beam h~tck-projccti~lI1 sholiid permit the standard 
~1tcc-wl se tomo-gr:Jpl~lc prCSC!1 t:lIlon of dala, bllt requires 
lncreascd computer tlille and r~sour(es. The rotating 
presentation lli g hli gh ts th c specifi(.; "distortions" illtroduccu by 
the pinhole geometry, allowing the viewe r 10 <lpprcci~lI e th em, 
and fa<.: to l them intn int c rpn:tat ion of Ih~ d~lta SCI. 
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TEC II NICA L AND CLINICAL ASPECTS OF AN 
tNTR/\ OPERATIYE PROBE. L.A. Wilson, J.I\. Kuhn, t.E. 
Williams, R.M. Corbisiero, R. L. Kondo, and J .D. Beally. 
City of I-tope National Medical Cenler, Duarte, CA. 

The purpose of this study was to techn ically and cl inic:llly 
eva luJ!e In intraoperative Cs i rad iJtion delection probe, lhe 
OncoProbe™ (Model #68750, Ca re Wise Medical Prod ucts Corp. ). 

Several exper ime nts we re conducted using In-I tt and Tc-99 m 
po int sources at contact to determi ne the oplimal seltings and 
phys icJ I characterist ics: 
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Characleristic 
Thresh old/ Window (keY) 
Sensitivity (cts/sec/ jJCi at phOI 'eak) 
Energy Resolution (ClE/E % at "hotopeak) 

In- ttl 
90/270 
tl36 

25 
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Tc-99m 
60/190 
626 
34 

T he detector dead lime was 2 t .2 /,sec and the acti vi ty response for 
both radi onuelides was linear with an average correbtion of 0.99 
with and without coll im:llion . The probe had difficulty resolv ing 
lhe high energy peak (247 keY) of In - II I , whi ch was probably due 
to the minute size of Ihe dete~tor crysl::d . 

In a clinical study, the Onco Probe was used in 12 patient s 
fOlIawin r, lh e infus ion of In· 1 J t ant i-ca rcin oe lilbr yonic anti ge n 
manoelon:!t antibodies. In 3 of the 10 patients who underwcn t 
laparotomy, clinica l managemen l was affected by the probc 
find ings: J) new lesion idcntification, 2) localization of lesio ns see n 
by radioimmunosc intig raphy (R 1S) . 3) co nfirmation of complete 
les ion resec tion. Also, the probe was useful in confirming 
app ropriate biopsy in 4 of 5 mediastinat and supracbvicutar les ions 
seen by RIS. 

We conclude that the OncoProbe has ene rgy reso luti on til:!t, while 
significamly wo rse th:tn a gamma CJmera (15%), is su ffi cient 10 
detect In- t I t duri ng surgery and affec t pa ticm c:lre. The 
OncoProbe performed wel1 clinicatty and techn ica ll y offering an 
int raoperative adjunct to complement RtS. 
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StMPLE: A SYMBOLI C INTERACTIVE MOD ELING PAC KA GE & 
LEARNIN G ENVIRONMENT. S S. Clall1hhir, O.K. Muhoney , S.C. 
Huang, M.E. Phelps. UCLA School of Medicine, Los Angeles, CA. 

WI! have devcioped a sililple. yet powcrful. tracer kinetic mudding package 
for the Apple MadntoshTI.t. This symholic interact ive modeling package and 
Icaming env ironillent (SIMPLE). which overlays the simulation tool 
Extend™ and was devclorx~d with the ModL and C Innguages. allows for the 
graphical construction of line:lrcompaltillental models with icons that the uscr 
places ~Uld conneclS on a worksheet. The user selects model clements from a 
comprehens ive library of ieoils. such as a compartment with influxes and 
ouUluxes. a compartment with distriblltion volulUe, a compartment with now. 
an observer (including a PET scanner icon). an input -function compartJllcnt 
(one with a pre-specified tim e- activit y curve). and dat a plollers . TIle user 
then graphically connects these icons to specify it compalllllelllaimodel with 
li rst-order r;lte constants. SIMPLE empowers the user 10 ex periment easily 
with the effects on the observation of varying the inrlUt function. Ihe r:l le 
constants, and Ute numocr of compartments. 111ese model simulation features 
aUow for quick model testing. and thcy act as an exploratory learning 
environmcnt for Ihc user unfamiliar WiUl eompartmental ll1 odeling. 

SIMPLE also includes a structural analysis feat ure thal can be lIsed 10 
generate thc state equatiolls whidl govcrn linear COlllpartlllcntal models. Witll 
this infonnalion alld SIMPLE's !h:lllinear regression suppon. it is simple for 
the user to cstimatc model p;lI:ulIeters. with the option o f parameter 
constraints, from Hts to real data. The package alrc;tdy <.:O!llains many models 
elltll\lIIteretl in PET. including blood-Ilow lIlodels ~lIld thc FDG model. ami 
one call quick ly usc SH.,.tPLE to <,:ollslruct models for lHalty otllcr lidds ,Uld 
appl icat ions. There is also I"u ll Oil- line help aV<lilable rcgarding the lHeaning 
alld lise of any of the symlxllic icous, ;IS well as many tutorial mmpanmcnt:tl 
moud s for the new user. This package fonH s the basis for it nexible 
modding tool and leaming environment. and future enhancemcnts to the 
package arc planned. 

SIMPLE is unique aillong com pall mental modeling software now avai lable: 
it is extremely powcrful. yet it is usable by even the mOst mathcmatically 
naYve scientist. 
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FILT ERS FOR NOI SE SUPPRESSION IN I MAGE SEQUENCES 
JJ Sychra, 0 Trepash ko , R But l e r , Q Lin 
Un i vers i ty o f Illinois , Chicago 

Ve have developed two filters for suppress i ng noise in 
i mages t hat are corre l ated with other members of the 
imaee set (as opposed to the image filterlng techniques 
th.lt are used to suppress nolse in an im3ge without 
co nsider i ng othe r avai l ab l e imaees that contain in part 
the sallie information, and res u lt i n a l oss of i nfonnation 
by spat i a l smoothing). Examp l es of a ppl i cab l e im,lee sets 
are rad i onucllde i m.lge t ilDe sequences used for c,enerat l on 
of funct i onal Im3ges. and KR. i maees of the same tomo 
graph i c plane based on differe n t PS parameters. The flrst 
fi l te r i s based on mu l tivariate statist i cs tec hniques and 
i nc l udes l i near and non- l inear principa l component 
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