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low resolution and high noise common to dynamic SPECT, as well as the fact 
that the projections an! acquired sequentially.. make it questionable as to 
whether a similar methexl. could work for dynamic cardiac SPECT studies. 
We chose to implement the oblique rotation step in FADS by minimizing the 
difference between the o riginal data and their repn!SC!ntation in the space 
spanned by the prindpal components, while the factor coefficients and the 
time-activity curves were constrained to be non-negative. 

The methcxi was validated in 2-D with a realistic simulation of the 
dynamic SPEer imaging process, using the anatomically correct MeAT 
phantom. Poisson noise was incorporated into the projections at acount level 
derived from dog experiments. Testing was also performed on dynamic Te-
99m teboroxime canine data. In both cases, t:ransaxials were reoriented to 
short axis slices. The image was cropped to a centralllxll pixels (&mx8cm). 
The FADS method extracted from the simulation an input function that 
appeared doser to the true bloOO time-activity curve than did the curve from 
a manually chosen ROI. Curves extracted with FADS from the canine data 
appeared similar to curves from manual ROts. but generally had a lower tail. 
This is likely due to less tissue contamination with the FADS method. 

The FAa; method did not work in every case tested. However. we have 
shown that the high noise and poor resolution intrinsic to dynamic SPEer 
does not completely thwart the FADS methodology. With further modifica­
tions based on a priori infon1\iltion and the use of 3-D regions. the FADS 
approach will likely provide a robust and automatic means to extract the 
blood. and perhaps the tissue components in dynamic spEer. 
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STRUCTIJRED BIAS ORIGINATING FROM INTERACTION BETWEEN A 
PENALIZED OBJECflVE FUNCflON AND THE SYSttM MATRIX ~ 
N.H. qinthome, 1.A. Fessler, A.O. Hero and W.L. Rogers. Dept. Biomedical 
Engineering, Division of Nuclear Medicine:, EECS Dept.. The University of 
Michigan. Ann ArtIor, Michigan. USA 

When using a penalized weighted least square!!l (PWLS) algorithm to reconstruct 
images for a brain imaging system comprised of a ring tomograph augmented with a 
single venex view we noticed that there was substantial smearing of activity between 
planes even though the regularization or penalty term was only two-dimensional. 

To isolate the cause of the problem. we exarninc:d the inverse of the Fisher 
Information Malrix (FIM) wh.ich is the bound on the cOYariance of the raw data. For 
a conventional 20 tomograph, correlation between pixels only occurs on the same 
plane. but when venex data is added, a strong negative covarianoc is obser.ted for 
pixels in planes above and below the pixel being examinc:d. To study the effect of 
regularization on bleed through. we examined the bias gradient vectors. Bias 
gradiem reveals how the changes in lruc pixel values will affect the mean estimate of 
the pixel of interest. Again, for the oomograpb-only case., we only observed coupling 
of pixels within the same plant, and increasing the amount of reguhnzation 
illCl'e3sed the size of the domain of pixels whicb affect the pixel of interest When the 
venex data is added. the bias gradient increases for pixels above aod below the pixel 
of interest with a distribution similar to the bound on arr.uiance. 

Since the PWLS algorithm with idc:al weights can be shown 10 attain the uniform 
10Vr"C:r boWK1 on variance for a given nonn of the bias gradiCnl vector, our 
interpretation of the bleed througb phenomenon is that the longitudi.nal bias results 
from averaging along lines of negative covariance to minimize variaDcc. This is 
allowed to occur because thc tWo dimensional penalty term docs DOt inhibit this 
spatial distribution of bias, not because it explicitly caUK:!l the effect. Bleed through 
can be substantially reduced by tapering lbe strength of the penalty term iDvelseIy to 
the vcnex collimator resolution at eacb plane. It may be possiblc 00 design a 3·0 
penalty function that will discoursge bleed through at a cost ofincleasing variance. 

This study yields insight inlo the interrelationship between the system matrix and 
the objective function that can cause artifacts and suggestS approaches to solve the 
problem.. 
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RESULTS OF CEA·SCANeIMMUNOSCINTIGRAPHY IN 59 PATIENTS WIlli 
NON-PALPABLE, MAMMOGRAPHICALLY ABNORMAL BREAST LESIONS . 
.I::I....A.l:iA D. Rosner, V. Panaro, D. A. Erb, D. M. Goldenberg; Departments ofNuclcar 
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Medicine, Gynecology & Obstetrics and Radiology. State University of New York at 
Buffalo, Buffalo, NY, and Garden State Cancer Center, Elclleville, NJ. 

Successful targeting of breast carcinoma5 with the technetium·99m anti· 
carcinoembryonic monoclonal antibody Fab' fragment. CEA·Scan- (Immunomedics, 
Morris Plains, NJ) has been demonstrated recently. In a preliminary study (lNM 1996; 
5:238), we have demonsaated a difference in intensity uptake between truly benign, pre­
malignant, and malignant lesions. 

The purpose of this study is 00 expand the application of CEA·Scan­
mammoscintigraphy in patients with non-palpable, indeterminate mammograms (MM), 
and determine ifCEA·Scan- can improve upon the the low specificity of MM, with the 
ultimate goal of reducing unnecessary breast biopsies. 

Fifty-nine conse<:ulive patients with non-palpable, abnormal mammograms were 
studied; each received approximalely 28 mCi of-Tc CEA·Scan. Prone-dependent and 
dedicated supine views of the mammary glands were obtained within 4·6 hours. 

All abnormal MM findings were histologically confirmed (excisional or stereotactic, 
fine needle) biopsies. Carcinoma was con fumed in 514\ pts. (12.2%), and 8/18 pIS. 
(44.4%) with low probability/indeterminate and suspiciouslhighly suspicious MM, 
resp«tively. 

CEA_Scane results, COrrobofiUed with hisoology findings, were: 

Scnsilivity Sp«ificity PPV NPV 
. Low Probabilityl 60% 92'" 6<>% 92% 

Indeterminate 
. Suspiciouslhighly 38';' 100% 100% 64% 

Suspicious 
. TOTAL 46% 96% 75% 86% 

In the clinically challenging group ofpc:s. with indetennina.te MM, CEA_Scane was far 
superior co mammognphy in identifying cancers (60% vs. 1:201.). Fwthermore, because 
of the high specificity and negative predictive values (92%) in that group of patients, 
CEA_Scane may playa significant role in obviating the need for surgical biopsies, as 
reponed by Rosneret ai, (ASCO Proc., 1996; 15:102). 
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ANTl-CEA ANTIBODIES VERSUS OCTREOTIDE FOR TIlE DETECTION OF META· 
STATIC MEDULLARY llfYROID CANCER: ARE CEA AND SOMATOSTA'IDl· 
RECEPTOR EXPRESSION PROGNOSTIC FACTORS 1 LM.....IktIL S. Oral%, D.L. 
Munz. W. Becker. Dept. of Nuclear Medicine of the University ofOOningen. Gmnany. 

[n medullary thyroid cancer (MTC), postswgically elevated calcitonin levels frequentJy 
indicalC metastatic disea.se, alCbougb all conventional diagnostic procedures fail 10 localize 
any responsible h~lIioo (occult disease). Aoti-CEA antibodies as well as somatolIlatin 
analogs have shoWll promilliag results in the staging of MTC. The aim of this; study was, 
thcnfore., 00 compare the sensitivity of both methodologies inlraindividually, as well as to 
assess possible correlations between the scintigraphic behavior and the patienu' progoosis. 

A toW of26 patients with MTC was examined betweeD 1977 and 1996: 10 suffered from 
known., 14 Iiom occult MTC, 2 patients were free of disease at the time of prescn!aliOlL. 16 
pa.tieots were investigated with anti-CEA MAbs (receivina-. toW of 35 inject:ioos; cioDes 
BW431f26, BW43 11J I, IMACIS, or F023C5,Jabeled with -rc; 1II[n Of LIlI) and ' "[n_ 

labeled octreotide. All patients .underwent cooventiooal radiolog:ical evaluation (ul~ 
grapby, CT, MJU) and/or biopsy within four wecb. Clinica.l follow-up was obtained. 

All patients with koown disease bad elevated plasma CEA (range: 6.8·345 oglml). 
whc:reas in 9114 occull cues, levels were S ~ ugIml. ID parlCllts with known disease, the 
overall lesioo-based sensitivity was 86% for the anti-CEA MAbs. wbereas octreotide was 
unable to Wiet any rumor to patients with clinica11y aggra,sive disease (overall sensitivity 
ODJy 47Y.). With octreotide, sigoi5cantJy higher tumorluoa-tumor ntios were seen ill clini­
cally stable IX slowly progressiDa: forms (p<O.OS).\ wbereu anti-CEA·Mabs yielded higbest 
uplake ratios in rapidly prop:ssin& agressive disease. [n all paticnlS with occcu.It MTC, 
anti-CEA MAbs as weU as octreotidc were able tol~ localize at least ODe lesioo. 
(patient.based sensitiv;ity virtually 100%): typically, cervicallympb oodes wcre.identified 
in post-surgically occull dixase, whc:reas & clwactaistic "chimuey-shaped" biJa.ten.l 
mediastinal involvement was detecIed to occult MTC several years &fter primary surgery. 

For the lIIaging ofMTC, lIDti-CEA MAbs aod octrcoti~ ,$CCID 10 have • sensitivity which 
is superior 10 conventiooal diapostic modalities, espcciaI1y, when used to combiDatioo. 
Better detecla.bility with 1Il1i-CEA antibodies (hi.ab!:r CE\ exprt:SSion 1). may be ass0cia­
ted with more q;gres.sive forms, whereas ,.....noitPih:i f.ecepwr c:xpressioo if normal plu­
ma CEA levels and weak mIi-CEA MAb Uqeting SClCmlIo:be associated wilh. more be­
nign clinical course. This" ii in accordaDce 10 me studies ofBusoardo ec II. and Mc:nddJobn 
eI aI. (Carta', 1914; ~3: 211 .t. $4: 6S7), who showed higher CEA levels to be ISSOciaIcd 
with. worsa ~ as weD ai to the lli!vUro ~Reubi etal. (lAb lnvut 1991; 
64: 567), who ...... lied Ihe lOss of,..... I reoqcOn in less diffetelltiated.MI'C. , . 
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STRUCTIJRED BIAS ORIGINATING FROM INTERACTION BETWEEN A 
PENALIZED OBJECTIVE FUNCTION AND THE SYSTEM MATRIX C.Y. Ng, 
N.H. Clinthome, I .A. F<rssle, A.O. Hero and W.L. Rogers. Dept. Biomedical 
Engineering, Division of Nuclear Medicine, EECS Dept. , The University of 
Michigan, Ann Arbor, Michigan, USA 

When using a penalized weighted least squares (PWLS) algorithm to reconstruct 
images for a brain imaging system comprised of a ring tomograph augmented with a 
single vertex view we noticed that there was substantial smearing of activity between 
planes even though the regularization or penalty term was only two-dimensional. 

To isolate the cause of the problem, we examined the inverse of the Fisher 
Information Matrix (FIM) which is the bound on the covariance of the raw data. For 
a conventional 2D tomograph, correlation between pixels only occurs on the same 
plane, but when vertex data is added, a strong negative covariance is obselVed for 
pixels in planes above and below the pixel being examined. To study the effect of 
regularization on bleed through, we examined the bias gradient vectors. Bias 
gradient reveals how the changes in true pixel values will affect the mean estimate of 
the pixel of interest. Again, for the tomograph-only case, we only obselVed coupling 
of pixels \vithin the same plane, and increasing the amount of regularization 
increased the size of the domain of pixels which affect the pixel of interest. When the 
venex data is added, the bias gradient increases for pixels above and below the pixel 
of interest with a distribution similar to the bound on covariance. 

Since the PWLS algorithm with ideal weights can be shown to attain the uniform 
lower bound on variance for a given norm of the bias gradient vector, our 
interpretation of the bleed through phenomenon is that the longitudinal bias results 
from averaging along lines of negative covariance to minimize variance. This is 
allowed to occur because the two dimensional penalty term does not inhibit this 
spatial distribution of bias, not because it explicitly causes the effect. Bleed through 
can be substantially reduced by tapering the strength of the penalty term inversely to 
tile vertex collimator resolution at each plane. It may be possible to design a 3-D 
penalty function that will discourage bleed through at a cost of increasing variance. 

This study yields insight into the interrelationship between the system matrix and 
the objective function that can cause artifacts and suggests approaches to solve the 
problem. 
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Figure I(a) Phantom. (b) Reconstructed image with 
tomograph only data, ~=5e-6. (c) Reconstruction image 
with added vertex data, ~=5e-6. Image resolution and 
noise characteristics are improved but there are bleed 
through of activities between planes. 
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Figure 2: A column of the inverse of FIM arranged as 
an image for an angularly undersampled tomograph. 
This can be interpreted as the bound on covariance of 
the pixel of interest to other pixels. Left: The pixel of 
interest is a single pixel hot spot on plane I. Right: 
Pixel of interest is a single pixel hot spot on plane 3. 

,., 

-" 

Figure 3: Image of inverse FIM for an angularly 
undersampled tomograph with vertex detector. Left: 
Pixel of interest is the single pixel hot spot on plane l. 
Right: Pixel of interest is a 'single pixel hot spot on 
plane 3. 

Figure 4: Bias gradient arranged as an image for 
tomograph for a hot pixel on plane I, Left: Norm of the 
bias gradient is 0.9875 which is equivalent to a lot or 
regularization. Right: Bias gradient norm is 0.2256 . 
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Figure 5: Bias gradient image for tomograph+vertex for 
a hot pixel on plane I. Left: Norm of the bias gradient is 
0.9940. Right: Bias gradient norm is 0.3320. 
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Figure 6: Bias gradient image for tomograph+vertex for 
a hot pixel on plane 3. Left: Norm of the bias gradient is 
0.9940. Right: Bias gradient norm is 0.2779. 
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Figure 7(a): Reconstructed image with tapering 
regularization parameter showing much reduced bleed 
through. 7(b): Bias and SID comparison of plane 2 
center pixel for reconstruction at constant regularization 
and tapering regularization. 


