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\ ~: 'lIdy, the s~'s t em is dC5igncd to signal the tomograph to bin J a ta ill to 
",' .Hlo~rafll if the movement exceeds an atll.rm thr~hotd . These multiple 

a. ~j':Cllon Sets aud thei r respect;\·c head-posit ion estimates can subsequently 
~ u..etl by reconstruction algOrithms 1.0 eliminate the effects of head-motion 

JUrlug th.: scan· 
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lI ead-mol ion during PET or SPECT imagi ng can se\'crtly degrade both 
C'>'<.,juli..., n l lld quantitati,"c accuracy. Recenth', sen~ ral devices have been d e-

~'t: .13t (all measure a subject's head orientat ion du ring the cou~ of 
If:cn these devicetl are linked direct!y to the acquisition compuu:r 

5\'" . ,IUd C3n signal the system to hegin storing the detected events in 
~ neW ~1I10gr3m frame if the p31ient mo\'eoJ beyond some -alatm-thtcshold.~ 
Witb an appropria te reconstruction algorithm. one can correct for patient mo
tion using tbe sinogram frames and the sequence of measured head-positions. 
The SImplest reconstruction method is to use filte red backprojection (rBP) 
fo r each sinogram and retroepectively align the reconstructed image volumes 
based on the measured bead positions. However. since SPECT tomogr3phs 
do not 3cquire an projections simultaneously. each sinogram may contain an 
incomplete set of projection data. Blindly applying fBP to these p(lrlill/sino
, rams can lead to artifacts in the composite reconstruction. furthermore, in 
both SPECT and PET ima1;ing, it is often dairable to impose image smooth
om constraints and treat PoiMan counting noise appropriately. This tequira 
thaL the ensemble of projection data be considered simultaneoll81y by the 
ft<onsuuction algorithm. 

The above goals can be accomplished using iterative reconstruction pro
f' . r ~s in conjunction wi th a generalized (orl\'ard projector th3t accounu 
f~: . . le motion betw~n fr3mes. Measured head-orientations. along with an 
iotcrpoialor. are used to uansform the 3D object estimate from a standard 
Olientation into an intermediate space of ~obsen'ed " orientations at each it
eration. These intermediate oricnt.a.t.ions ate then projected oy the s t3ndard 
IYStem response manix to obt ain estimates of the measured projection data. 
This procedure forms the core of the iteration and can be used to implement 
a variety of reconstruction methods tbat correct head-motion while imposing 
common sOloothness constrainLt and handling cou Dling noise appropriately. 
Additionally. if object constrainL3 such as kernel sieves are used. they can 
form the basi' fo r the interpolation step. 

The reconstruction methods are especially applicable to SPEeT recon
"melion where a full set of projection data may not be acquired in a single 
slnogram set due to patient motion; bo .... ever, tbey au a.bo useful in PET 
imaglQg when one wanta to make the best 'laliSlical use of the dau~. 
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Xenon-133 rCBF imaging has be!n develooed for U5e with the CERASPECTt 1) 

staUonary iledlcated brain SPECT camera . The system tier-forms lomographic 
acQUISItions In 3.33 seconds. rotaling continuously lhro\!gn multiDle rotalion5 
witlloul dlreclion-f"l!V!rsaL The parailel-hole collimator hilS. for Xenon- 133 in 
air . a measured F\IIHM of 1.3 em. lo 1.7 cm. depending on tnnsaxial pOSItion. and 
a ~eD!ltlvity of 25.6 clsJsecJIlCI. The Xenon administraUon eQuipment delivers 
: - ·-.~a l ed dcse of Xenon- I 33 with adjusLable concentrations (20-40 mei.!l . were 
• ::~a for iniUal e)(per ienceJ The duration of wash-in and wash-out chases are 
.. mcer software control (1 .5 min . wash-in. 15 min . wash-oul were used.) An 
expir ed-air probe samples every 0.2 sec. tile ar terial X-!non brain inoul funcl1on. 

Tcrnographic Image!!! were ICQUlrea every 3 .33 ~ecMds. summed inlo 10 second 
intervals. and analysed u!!! inq the Obrist Jtqorilhm. the Kanno-lassen/Cetsis 
algorIthm by rebiMlnq the daLl into 4 l-mlnute Inlervz1ls. and a generalized 
double Integral method with daLa binned in 4. 8. and 12 one-minut.e: In tervals. 
r(BF lomographic transa)( lal images (early plctJJre and sequenca of pidur(5) 
were reconstrucled for the last two methodS on a 32 Ie 32 matrile. the number or 
contiguous trans axial slices baing software adjustable. 4-8 over 10 .6 cm . field 
were used. depeOOing on the total number of counLs/ slice required for acceptable 
sLatlslics (200 .000.500,000.) 

Monte Carlo noIse SImulations on real and simulated data show an decrease in 
~ ~~ : r from Sr. to 3~ of calculated mun now (for nows from 21 lo 86 

: , ;C-Og.lmin.l when the 12 min. oouble integral method was used V5. Kanno · 
~ ';S5en . In addition. the standard deviation of the now for the doubla Integral 
ca!culallon IS aboulSO:: of the Kanno-lassen method. The Ctrlsl calculations. 
relying on finely-samoled but noisy 10 sec . biMing. show now errors between 
the two Other methods . 

(I) CERASPECT'" previo~ly known by lhe neme ASPECT : S. GeMe. AP . Smith. 
IEEE Trans Nuel Sci 1988. 35;654-658. 
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DYNAMIC QUANTITATIVE Xe- 133 RCBF SPEer ON THE 
PRISM 3·HEADED TOMOGRAPH: SIM ULATION AND 
PHANTOM STUOlES. i\f.D Devnu$ Sr , W. Gong, 1.K. Payne. 
The University or T exas Southwestern Medical Center. Dallas. TX 

Measurement o r rC BF by Xe-133 SPECT is hindered by the 
limiled availability of specialized instrumentation normally required 
fo r the procedure. We implemented this technique on a widely 
available 3-headed gamma camera (PRISM 30CKlS , Picker). High
sensitivity co llimators. a commerciaJly available Xe- 133 inhalation 
unit (Xenamatic, Diversified Diagnostic ProductS) and a NaI probe 
were integrated with gantry electronics to perfonn complete scans 
every 10 sec for 6 min. Collimator resolution was 14mm. The probe 
was used to measure the lung curve as a representation of the 
arterial input function . Both a version of the Kanno-Lassen double 
integra l algorithm (K L A) used o n th e Tomomatic 64 
(Medimatic A/S) and a full convolution algorithm (CON) were 
implemented o n the PRISM. Xe-133 reBF imaging o n the PRISM 
was evaluated in twO stages. Stage 000: raw count Tomomatic Xe-133 
data were transferred to the PRISM and processed by both our and 
the Tomomatic versions of the }(LA. Results show that the same raw 
data processed by the Tomomatic and the PRISM yield similar rCBF 
images. Stage two: our dynamic flow phantOm (J Nucl Med 
28:407,1987) was used to obtain dynamic data on the PRISM . 
True perfusion in the phantom was compared to perfusion derived 
from both the KLA and CON. A linear relationship (r=.86) from 
20 to 140 mllmin11 00g was observed using the KLA, but rCBF below 
50 was overestimated. CON also yielded a linear reJationsh ip 
(r = .92), but with much mOfe precise low flow values . These data 
show that absolute rCBF can be detennined using Xe-133 SPECT 
and a 3-headed gamma camera. 
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USING TEBOROXIME KINETICS AS AN INDICATOR OF MYOCARDIAL 
BLOOD FLOW. A M Smith C.T. Gullberg, P.E. Christian and F.L. 
Datz. Dept. of Radiology, University of Utah , Salt Lake City, UT. 

The kinetics o f leboroxime may p rovide a sensitive technique for 
detecting myoca rdial ischemia, allowing better trea tmen t for patients 
with coronary artery disease. Teboroxime kinetics, esti mated using tracer 
kinetic teChniques and dynamic SPECT imaging, were compared to 
myocard ial blood now meas ured using microspheres. Three dogs were 
injected with 10-25 mCi of Tc-99m-teboroxime per stud y and were imaged 
usi ng a three-detector SPECT syste m (Picker PRJSM 3000). Sequential 5 
sec acquisi tions were acquired for 15 min during each study. allowing both 
the wash-i n and wash-out of teboroxime to be measured . The projection 
data were reconstructed into 64x64x34 matrices a nd reformatted to obtain 
short-axis slices. Tissue and blood ti me-activity curves were generated 
from the 3D dynamiC reconstructions. Four tissue activity curves were 
generated from eac h short-axis sl ice of the left ventricle. The blood 
activity curve was generated from a 3D region draw n inside the ieft 
at rium and ascend ing aorta. The blood and tissue activity cu rves were fit 
to a two-compartment model which characterized the wash-in and wash
o ut kinetics o f tcboroxime. O n each can ine, two o r three s tudies were 
performed. and each s tudy had one of Co-57. Sn-1I3 or Ru-l03 radio
labeled mic rosp hercs inje< ted d uring the image acq u isi tion. The fir.;1 
study was a baseline stud y. and in the following s tudies the LAD artery 
was occluded 75-10M'o. The heart was excised at the end of the final 
s tudy, sectioned simi la r to the reconstructed slices. and placed in a well
counter to measure the microsphefe activities. Myocardial blood now 
was calcu lated usi ng the arte ri al reference sa m p le technique and 
compa red to the estimated wash-i n and wash-out pa rameters on a region
by- region basis by aligning anatomical reference poin ts on the images to 
the sliced hea rt tissue. Approx imate ly 200 regions were compa red from 
all the stud ies. Changes in the wash-in kinetic pa rameter correl ated 
w ith myocardial blood fl ow. For exa mple, fo r one occluded s tudy, the 
blood now was 1.16 and 0.46 ml / min /gm fo r two regions, and the wash-in 
pa ramete r was 0.79 and 0.38 min'! fo r the same reg ions. The estimated 
wash-i n ki ne tic parameters for teboroxime reflect regional myocardial 
blood flow and may give a more sensitive indication of myocard ial 
perfusion defects than visu al evaluations of s tatic images. 
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