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A COMPARISON OF MYOCARDIAL DEFECT DETECTION IN TL-201 
SPECT USING PARALLEL-HOLE, FAN BEAM AND CONE BEAM 
COLLIMATORS~, B.M.W.Tsui, J.R.Perry, G.T.Gullbcrg*, GLZeng*. 
U. of North Carolina, Chapel 1-1 ill , NC and *U. of Ulah, Sail Lake Cily, UT. 

We have investigaled myocardial defect deleetion in TI-201 SPECT 
us ing lhree collimator designs, namely parallel-hole, fan beam and cone bcam 
collimators, with the same spatial resolution of 7.4 mm at 10 cm from rhe 
collimator. The fan and cone beam collimators provide increased detec tion 
efficicncy WiO, a decreascd field-of-view (FOY) when compared with thc 
parallel-hole design. A computer generated lhrec-diml~ n sional (3D) phantom of 
lhe upper torso was used in the investigation. The phant om consisted of realistic 
models of Ole heart, lungs, rib cage, liver and kidneys; C.dl o rgan is desc ribed by 
mathematical equations. The 3D distributions of 1'1-201 upllike and allenuation 
coefficients were defined for the organs in the phamom; myocardial defects wcre 
simulated as 3D Gaussian-shaped dccrc ~lscs in uptake and were placed at var iolls 
locations in the left vemricu lar wa ll .,I ld in the interventricular septum. 
Emission projection daLa were gcncfatdl from the uptake distribution and 
included the effects of a lle nuation, Pois"lIl noise, spatially variant collimator 
and scattcr rcsponse functions. Projcctions covering 1800 for the parallcl-hole, 
and 1800 plus the fan angle for the fan and cone beam collimators were used. The 
t011l1 acquisition time was set for 30 minutes for each of the three collimators 
g iving average total projection counts, for a 3 mm thick central slice through the 
heart, of 24,300, 44,400 and 46,300 for the parallel-hole, fan and cone beam 
collimators, respectively. Reconstructed images were obta ined using the filt e red 
back projection method for para llel-hole and fan beam coll imators, and the 
Feldkamp method for the cone beam collimator. The signal-to-noise (SIN) ratio 
of a 50% myocardial defect in the reconstructed images, de fined as 

SIN = (amplitude of defcct)/(std. dev. of countlluctuations in the myocardium), 

was 0.81, 1.02, and 1.25 for the parallel-hole, ran ami cone beam collimaLOrs, 
respectively. Simulated images from the phantom were generated for usc in 
observer performance experiments for detec tion of myocardial defects, and 
results from ROC analysis arc compared to the SIN ratios. These studies inelicate 
that the fan and cone beam collimators, despite their assoc iated decrease in FOY , 
arc superior in the detection of myocardial de fects in SPECT imaging. 

No. 157 
QUANTITATIVE MYOCARDIAL SPECT IMAGI NG: EfFECT 
OF LV LONG AXIS ORIENTATION AND RECONSTRUCTION 
ARC. J.E. Stuhlmulle r, M.T. Mad se n and P.T. Kirchn e r. 
University of Iowa, Iowa City, IA. 

Myocardial SPEer images are nOIlnally reconstruc ted over ,t 180° arc 
in a standard RAO 10 LPO orientation. This provides symmetric angular 
sampling when the LV long axis is o ri ented at 45° LAO, but is 
asymmelric when the heart is olherwise oriented. We have quantified 
regional count variat ions due to changes in the LV long axis orienlation 
wilh the s tandard reconstruclion arc. We also ex:nllined the effect o f 
altering the reconstruction arc to maintain symmetri c angnla r sampling 
with respect to the long axis of the LV. A heart phantom containin g 
either TI-201 or Tc-99m was imaged with thc long axi s of the LV 
oriented at three different hlJrizontal positions: A) 45° LAO , B) Anterior 
and C) 90° Ldt Late ral. T i le projec tion data were acquired over 36(jO . 
Three different reconstruc tl lJ n arcs werc utili zed: 135-3 15° (sland:trd 
RAO-LPO), 90-2700(symmelric arc for A) and l SO-36()0 (symmetric arc 
for C). Circuml-eren ti al profiles of the shon axis slices loca ted at the mid 
ventricular leve l we re ge nerated. Profi Ie cOlllparison s were ma(k lor 
orientations A vs 13 and A vs C recon structed with lil e stan dard arc 
(RAO-LPO). O ri cnIation 13 reconstruClcd over LJO-170° arc and 
oricntation C reconstructed over ISO-360° arc were also compared to i\ 
reconstructed with the standard arc. The lllaXimUnl % differences are 
tabulated below: 

t\·1axilllulll DiITcrcncl'(';!,-.) 
LV Orientation 

13 
Recon struction Arc Tl -20 1 Tc-LJLJ Ill 

135-3 15° 16 23 
LJO-2700 8 g 

C 135-3 15° 23 21 
180-360° II 13 

Asymmetric angular sampling with respec t to tile lon g axi s of til e L Y 
produces reg ional count reductions that may lead to artil"actual ddects in 
both TI-20 I and Tc-LJ9m images. These dcfects can be reduced by 
proper selection of the reconstruction arc. 
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REDUCTION OF IMAG E ARTIFACTS AND DISTORTIONS IN MYOCARDIAL 
SPECT IMAGING. BMW Tsui, X.D. Zhao, E .C. Frey, l.R. Perry and *DJ. 
Nowak and *T. Berns tein. The University of Nonh Carolina at Chapel Hill, Chapel 
Hill, NC and *Gencral Elewic Medical Systems, Milwaukee, WI. 

Clinical myocardial SPECT images obtained from conventional data acquisition 
and rcconstruction methods arc subject to artifacts and distortions. We have st udied 
the causes of these image degradations and developed reconstruction and 
compensation methods to reduce their effects for improved image quality. The 
image degradation factors considered included nonuniform allenuation distributioQ in 
the chest region and spatially variant detector and scaller response func tions 
enhanced by the usc of el liptical orbit. To study thc individual and combined effecls 
of these facLOrs, we used a realistic computcr-gcn\::raled cardiac phantom derived 
from patient data. The projection data were gcn,·rated from the phantolll by 
incorporating the .. effec ts of attenllation, del ... ... LOr response and scatte r. 
Reconstruction algorithms inclnded the conventional filtered backprojection (Fll) 
with and without filtering, the Chang algorithm and the iterative ML-EM algorithm 
using a projector/ilackprojector pair modeling attenllation and/or detec tor response. 
We found that anifacls and distortions caused by lhe nonuniform allenualion 
distribution in the chest region can be reouced effectively using either the Chang or 
the iterative aigorithms wi th attenuation compensation as compared to thc FB 
algorithm without compensation. The spaUally variant detector response causes 
uneven activity distribution along the myocardium from Fll reconstruction, 
espec ially w ith high eccentric ity e lliptical orbits. Several compensation mcthods 
were evaluated including (1) a fixed Metz filter, (2) a Metl. filter which varies wil h 
projection view, and (3) an iterative ML-EM algorithm which incorporates the 
spatially variant detector response function. In a s imulated myocardial SPECT study 
usi ng a general purpose collimator and an elliptical orbit with a long and short axis 
ratio of 2, the reconstructed image from the FI3 algorithm showed a m~lxillllllll 

var iatio n of 33% in the activity concentration along the myocan.iiulTI. The fixeLi and 
variable MeLz filtering reduced the variation to about 28 % and 20%, respective ly, 
and the iterative method reduced the variation to less than 10% after 50 itcrations. In 
conclusion, the iterative recon struction methods with compensation for allcnu~llion 
and detector response provide the best reconstructed image quality in term s of 
reduced artifacts and distortions with a trade-off of increased processing time. 

No. 159 
A NEW METHOD FOR DETERMINATION OF CARDIAC 
VOLUMES WITH SPECT IMAGES. C,K Hoil, R.C Brunken, K.S. 
Nitahara, R.A. Hawkins. Division of Nuclear Medicine and 
Biophysics, UCLA School of Medicine, Los Angeles, CA. 

A rapid method was implemented for determining the total cardiac 
volume from a set of short axis Tl-201 SPECT images. This method 
measures the mid-myocardial wall (MMW) volume, defined as the left 
ventricular (LV) volume measured out to the middle of the LV wall 
rather than to the endocardial or epicardial wall. The melhod requires 
the location of the approximate cavity center near the base and apex of 
the LV. Each short axis image was zoomed and a derivative edge 
detection technique (DEDT) was applied from the center of the LV 
cavity to identify the MMW (where the first derivative changes from 
positive to negative) . Detern~ination of the base and apex of the heart 
was operator independent. The base was identified when a complete 
concentric ring of myocardium was detected by the DEDT as it 
interpolated towards the apex from an extreme basilar plane. The 
pixels in each short axis image were converted to voxels (using the 
plane thickness) and summed for the total MMW volumc. If the DEDT 
failed operator intervention was allowed. The method was calibrated 
and tested for reproducibility with a concentric cylindrical phantom of 
1'1-201 in various orientations and the results differed by less than 3%. 
The DEDT detected the MMW even in cases where large and severe 
perfusion defects were encoulllered. With this technique the transient 
ischemic dilatation ratio (TlOR) on 22 CAD patein ts was measured. 
The TlDR was defined as the stress divided by the resting LV volume. 
Average TIDR of patients with normal coronary aneries (n=6) was 
0.70±0.24, with one vessel disease (n=6) was 1.03±O.16, wilh Iwo 
vessel disease (n=9) was 1.04±O.24, and with 3 vessel disease (n=7) 
was I.06±O.15. A significance difference (p<0.003) was found 
between n0l111al and all patients with CAD . 

With this robust technique LV volumes can acurately and easil y be 
determined from SPECT TI-20 1, MlBI, or PET short axis images in 
the clinical setting. 

No. 160 
EFFECTS OF SlOE INFORMATION ON MYOCARDIAL BLOOD 
FLOW ESTIMATION AND OPTIMAL SPECT COLLIMATOR 
RESOLUTION. p, Chiao, W.L. Rogers , A.O. Hero, J.A. Fessler, 

The Journal of Nuclear Medicine 
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N.H. Clinthorne and G.D. Hutchins. Division of Nuclear Medicine, 
University of Michigan, Ann Arbor, MI. 

The compromise between resolution and sensitiv ity establishes lower 
bounds on the accuracy with which one can determine myocardial blood 
flow using SPECT with diffusible radiotracers. We have investigated 
the usefulness of boundary side information in improving estimates of 
kl, and the effect this side information has on the optimal collimator 
resolution. The uncertainty in k I and other model parameters is 
detemlined from the inverse of the Fisher infoI1l1ation matrix for a range 
of collimator resolution and side information accuracy for several 
models of the heart. 

The simplest heart model used was two concentric circles specified by 
two unknown radii. If the two radii are time-invariant, they can be 
acc urately estimated from SPEer measurements. Therefore, even side 
infoI1l1ation of I mm uncertainty does not improve the accuracy of k I 
est imates. However, as a characterization of a moving heart, when the 
two radii are allowed to change with time, the resulting much higher k I 
uncertainty can be substantially reduced by almost a factor of 3 using 
side information with Immunccrtainty, and the k I uncertainty becomes 
less sensitive to collimator resolution. As a more rea li stic represenwtion 
of the heart, we have used a first order spline to model n myocardial 
segments with n nodes which are specified by their distance from the 
center. Even if the nodes are not allowed to vary with time, kl 
uncertainties of both ischemic and normal myocard ial regions can be 
reduced by over 16% with I mm side infoI1l1ation and a similar decrease 
in the sensitivity of k I uncertainty to collimator resolution can also be 
observed. 

We conclude that side information of sufficient accuracy can improve 
k I estimation, that the effec t of side information on k I estimates 
depends on model assumptions, and that the use of side inforrnati .>ll 
changes optimal collimator design. 
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A NEW ALGORITHM FOR DETECTION AND CORRECTION OF 
GRADUAL OR ABRUPT HEART MOTION IN SPECT TL-201 
MYOCARDIAL PERFUSION IMAGES . K Durski., A .C.Cive\Ck, 

, M.Ozguven, H.N. Wagner, Jr., E.E.Camargo, The Johns Hopkins 
Medical Institutions, Baltimore, MD. 

We have developed a new methvJ for detection and correction of the 
misalignment of the heart in TI-201 SPECT images. The position of the 
heart was determined by minimizing an absolute difference and residual 
variance between heart regions in the adjacent frames of projection 
images. The difference between calculated and detected positions of the 
heart was used to realign the images applying a linear interpolation 
method. The accuracy of motion detection was measured as one standard 
deviation between detected and calculated points. When a point source 
was detected, the standard deviation for linogram was 0.13 mm and for 
sinogram 0.55 mm. For a motionless heart phantom with different sizes 
of cold lesions the standard deviation for linogram was 0.84 mm and for 
sinogram 0.52 mm. To determine the accuracy of the algorithm, 15 
different motion artifacts were simulated by computer, and the images 
were corrected using the described algorithm. Standard deviation for 
linogram was 0.42 mm and for sinogram 0.27 mm. Linear correlation 
between detected displacement and acquisition angle in a motionless heart 
phantom was 0.26. When a 0.1 pixel continuous motion ill consecutive 
images was created, the linear correlation was 0.99. The correlation was 
significantly increased demonstrating the utility of the described algorithm 
in both gradual and abrupt motion. However, due to limited accuracy in 
organ tracking and interpolation technique for image realignment during 
motion correction, a final image resolution for a point source was 
degraded 1.2 mm or about \0%. Although the algorithm operates on 
matrix data, the time requir.:d for motion detection and correction for an 
average sized heart was about 15 seconds when the Toshiba GMS 550 
computer system was used. The application of this algorithm as a routine 
procedure may decrease the incidence of artifacts and improve accuracy in 
the interpretation ofTI-20\ SPECT studies. 
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THE RELATIONSHIP OF TECIINETIUM-99M TEBOROXIME 
RETENTION AND MYOCARDIAL BLOOD FLOW. R. Beanlands. 
O. Muzik, N. Nguyen, N.Petry, M. Schwaiger. University of 
Michigan Medical Center, Ann Arbor, MI 

Volume 32 • Number 5 • May 1991 
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Tc-99m teboroxime (SQ) is a new neutral lipophilic myocardial 
perfusion agent which is highly extracted by the myocardium, but 
c\ems rapidly. To better define the temporal relationship between SQ 
retention and myocardial blood flow deteI1l1ined by microspheres, 
we compared the myocardial retention of SQ at I (GR I), 2 (GR II), 
and 5 min (GR III) after simultaneous injection into the left atrium of 
7 open chested dogs. A wide range of flow s was induced by IV 
dipyridamole (0.3-0.56 mg/kg over 4 min) and LAD occlusion. Th e 
myocardial ' retention of SQ was expressed in arbitrary units, 
nonmllized for the integral of the tracer activity in plasma determined 
from arterial sampling. For 194 myocardial segments in GR I, 308 in 
GR II and 86 in GR 1II, SQ tissue re tention versus microsphere 
determined flow data were best fitted to non -linear functions. The 
correlation coefficients were 0.94, 0.91 and 0.95 in GR I, 1I and 1II 
respect ively. From the curves, tracer retention was determined at 
flows of 1,2, 3, and 4 ml/min/g, as shown below: 

time Retention at flows of 
GR (min) 1.0 ml/m/g 2.0 3.0 4.0 
I I 0.089 0. 178 0.256 0.323 
II 2 0.052 0.088 0.118 0.141 
1lI 5 0.027 0.048 0.061 0.068 

In conc lu sion, at I min SQ myocardial retention has an almost 
linear relationship to blood flow in this canine model. However, the 
slope of the retention-blood flow relationship decreases rapidly after 
injec tion resulting in underestimation of true flow, and a decrease in 
absolute increments of retention. Thus for SQ, rapid acquisition 
protocols are necessary to fully exploit the potential of this promising 
new tracer in the evaluation of myocardial flow . 

No. 163 
SIMULTANEOUS MEASUREMENT OF MYOCARDIAL BLOOD FLOW IN THE SAME 
ANlMAL USING TECHNEfIUM-99m TEBOROXIME, TECHNETIUM·96 SESTAMIRI 
AND TIIALLIUM-201. R.J. Di Rocco, L. Belnavis, C. Hood, W.L. Rumsey, B. 
KuczynSki, K.E. Linder, J. Pirro, R.K. Narra and A.D. Nunn. Bristol-Myers Squibb 
Phannaceutical Research Institute, New Brunswick, NJ. 

Using two Technetium radionuclides, we have detennined the ability of 
Teboroxime, SestaMIBI and Thallium to measure myocardial blood flow (MBF) 
by simultaneous injection of the three agents with radiolabeled microspheres in the 
same animal. Studies were perfonned using rats in a single-pass model 10 obtain 
global MBF and using dogs in a multiple-pass model to detennine regional MBF. 
To provide a wide range of MBF in the dogs, adenosine was administered 
intravenously and the left anterior descending coronary artery was then ligated. 
The microsphere fonnula for delennining MBF was applied to all agents. When 
MBF (agent) is plotted as a function of true MBF measured by microspheres, the 
sensitivity of each agent to changes in MBF is indicated by the proximity of the 
function to the line of identity. Shown below on the left rue nonlinear fit functjons 
from the rat single-pass experiments. The graph on the right shows values for 1-2 g 
sections of dog ventricle. 

HAT SINGLE-PASS 

,. 

o 2 .. • • 10 12 14 

MSF (mllmlnlg wet wt.) 

DOG MULTIPLE-PASS 

Mk:roaphe, .. 

2 3 .. 5 6 

.,SF (m~mlnlg wet wi.) 

In both models, the closer proximity of the Teboroxime and Thallium data to the 
line of identity indicates that Ihese agents are more sensitive to changes in MBF 
than is SestaMIBI. 

No. 164 
DIJ\GN:lSTIC J\CCUlU\Cl{ OF DIFFERENl'IAL lUS'l'-STEN:lTIC 
MYoc::rumIAL TElCHNETIUM-99m TEOOROXIME CLEARJ\N:!E FOLIDWIN3 
NJN-EXERClSE CARDI1\C STRESS_ 
DD Miller, RE Stewart, B Heyl, RA O'Rourke. Univ. of TX 
Health Sci.ctr., San Antonio, TX & st. louis Univ.Med.ctr. 

To determine whether regional differences in the 
my=ardial clearance of Technetillln-99m (Tc-99m) Teboroxime 
(TEI3) occur in vivo following non-exercise cardiac stress, 
5 pre-instrumented dogs were given 10mCi IV TEB at peak 
ischemic LV stress induced by 2:90% =ronary s tenosis (STEN) 
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