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We have evaluated a method for absolute in vivo quantification
of 99mTc-sestamibi uptake in a porcine model of myocardial
perfusion. Methods: Correlated CT and radionuclide images
were obtained from eight adult pigs using a combined CT-
SPECT imaging system. In each case, the CT image is used to
generate an object-specific attenuation map that is incorpo-
rated into an iterative algorithm for reconstruction and attenu-
ation correction of the radionuclide image. Anatomic informa-
tion available from the correlated CT image is used to correct
the radionuclide image for partial-volume errors by mathemat-
ically modeling the radionuclide imaging process. A volume of
interest, or template, that approximates the geometric extent of
the myocardium is defined from the CT image. Once defined,
the template is assigned unit activity and is mathematically
projected using a realistic physical model of the radionuclide
imaging process including nonideal collimation and object-spe-
cific attenuation. The template is then reconstructed from these
projections to obtain a pixel-by-pixel partial-volume correction
for the myocardium in the radionuclide image. The CT image is
also used to delimit the anatomic boundaries of the myocardium
for quantification of the radionuclide images. The pixel intensi-
ties in the corrected radionuclide image are calibrated in units of
activity concentration (MBg/g) and compared with the ex vivo
activity concentration measured directly from the excised myo-
cardium. Results: Without corrections, the measured in vivo
activity concentration in the porcine myocardium was only 10%
of the true value. Correcting for object-specific attenuation im-
proved the accuracy of this measurement but resulted in values
that were still only 42% of the true value. By correcting for both
attenuation and partial-volume errors, we were able to achieve
absolute quantification with an accuracy error near 10%. Con-
clusion: We have shown that, by applying object-specific at-
tenuation corrections and suitable partial-volume corrections,
absolute regional activity concentration can be measured ac-
curately in the porcine myocardium.
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Snce the 1980s, SPECT imaging has been used to study
myocardial perfusion noninvasively. Current techniques for
assessing myocardial perfusion studies generally rely on
visual interpretation and on analysis of relative tracer activ-
ity within the myocardial regions defined by an individual
SPECT study. Most of these techniques rely on maximal
counts derived from radial sectors of reconstructed short-
axis slices (maximum count circumferential profiles) nor-
malized by count values in regions of peak intensity as-
sumed to represent normally perfused regiod 1o
determine relative tracer activity at rest and after stress. One
serious limitation of these relative quantification techniques
is that there is no guarantee that there will be a normally
perfused myocardial segment. Consider patients with mul-
tivessel disease. Although qualitative and relative quantita-
tive analysis may identify the most severely stenosed cor-
onary artery, less severely stenosed arteries may not be
identified without an absolute measure of the radionuclide
uptake in the myocardium. In the extreme case of balanced
triple-vessel diseas@), an overall reduction in activity may

be completely overlooked if the data are examined on a
relative scale but may be quite evident when evaluated on
an absolute scale.

Making only a relative measurement of the radionuclide
distribution has further limitations. It does not allow one to
compare the amount of tracer uptake at rest with the amount
of tracer uptake after stress, which could provide an esti-
mate of coronary artery flow reserve capaciy. Further-
more, it does not allow for quantitative longitudinal mea-
surements that would show absolute changes in coronary
reserve capacity resulting from therapeutic intervent®n (

The ultimate goal is to achieve absolute quantification—
that is, to make an absolute measurement of becquerels of
tracer per gram of tissue in a specified region of the left
ventricular myocardium. Unfortunately, photon attenuation,
scatter radiation, partial-volume errors, and other perturba-
tions compromise absolute quantification of radionuclide
uptake from SPECT4(—6). Despite the advent of patient-
specific attenuation correction, the relatively poor spatial
resolution of SPECT remains a major limiting factor for the

THE JOURNAL OF NUCLEAR MEDICINE * Vol. 42 ¢« No. 5 « May 2001



accuracy of quantitative studies. Once attenuation corrégrage registration technique and the attenuation map generation
tions have been applied, partial-volume effects becomehave been published 20.

major source of error for absolute quantification of thgata Acquisition

activity concentration in myocardial SPECT, resulting in For all imaging studies, CT data were acquired at 140 kVp, 70
underestimation of the true radionuclide content by appromA, with a 2-s scan time and a 48-cm field of view. The scan
imately 50% 7-9. These partial-volume effects severelyegion covered the full extent of the myocardium and extended
limit the ability of SPECT to account for structurally de-past the dome of the liver. Axial slice collimation and spacing was
pendent variations in reconstructed myocardial activity bé-mm over the entire scan region. The total scan time was approx-
tween individuals 10) and can cause artifactual regionaf™at€ly 10 min. The CT images were reconstructed with a 812
variations in activity around the myocardium within a give 12 format using the filtered backprojection algorithm provided by

N L . . the scanner manufacturer (General Electric) before being trans-
individual (11) because of variations in wall thickneg<). ferred to a workstation for ffjrther processing) g

“To achieve absolute quantification of single-photon ra- the correlated radionuclide images were acquired with 128
diopharmaceuticals using a noninvasive technique, we m_lalﬁbular views over 360° using a 128128 matrix, 15 s per view,
compensate for physical errors such as photon attenuatian5% energy window centered at 140 keV, a 23-cm radius of
scatter radiation, and partial-volume errors. Traditionallyptation, and a low-energy, high-resolution (LEHR) collimator.
radionuclide quantification has focused on methods théfith our single-head scintillation camera, the total data acquisition
compensate the radionuclide image for these effects. Hol{fo® was approximately 40 min. The radionuclide data were re-
ever, methods that correct the radionuclide image for p&nstructed as 128 128 images using 30 iterations of an MLEM
tial-volume errors using collimator response models canrggerthm €1) both with and without attenuation compensation

. . S using the object-specific attenuation map derived from the CT
recover spatial frequencies that are lost during image acq#ﬁége. As shown by previous experiments in our laboratb),
sition. Similarly, the use of recovery coefficients3(14

) AN - - 30 iterations are sufficient to reach near-convergence with the
requires a priori 'nformaﬂor_‘ about size and sh.ape amgLEM algorithm for objects of the size of the myocardium.
generally is used only for simple target geometries (e.%,_

nimal Study Protocol

spheres or circular annultg)). We have departed from this Animal studies were performed on the combined CT-SPECT

paradigm by developing a method that incorporates a thr?faging system to determine if absolute in vivo quantification of a

ical model of the image acquisition process into the AUatygiotracer uptake could be measured accurately in a porcine

tification process itselfg,16 rather than compensating formedel of myocardial perfusion usin§™Tc-sestamibi (DuPont
these effects in the reconstruction of the radionuclide imageharmaceuticals, Wilmington, DE). In these experiments, in vivo

In this study we show absolute quantification of radiolaneasurements of the radionuclide uptake in the myocardium could
beled tracers in a porcine model of myocardial perfusion e compared directly with ex vivo activity concentration measure-
comparing in vivo tracer uptake measurements obtaingints of the excised tissue. All animal studies were performed
with a combined CT-SPECT imaging system with ex viv¥ith the approval of the institutional committee on animal research.

tracer uptake measurements obtained directly from excised'd"t adult pigs, each weighing approximately 30 kg (mean
weight, 28.3= 1.5 kg; weight range, 26.3-30.6 kg), were anes-

tissue. thetized and mechanically ventilated on a respirator (Harvard
Apparatus, Inc., South Natick, MA). At least 60 min before im-

MATERIALS AND METHODS aging, each animal was injected intravenously with 1.11 GBq (30
L mCi) ®*"Tc-sestamibi. In two animals, myocardial blood flow was
System Description modified by a vasodilator (dipyridamole). Dipyridamole was in-

Our studies were performed using a dual-mode imaging syst§Red over a 4-min period wilf™Tc-sestamibi administered 7 min
that combines a commercial CT scanner (GE 9800 Quick; Geneggler the start of the dipyridamole infusion. In three animals,
Electric Medical Systems, Milwaukee, WI) with a single-heaglegional myocardial blood flow was modified by occlusion of the
scintillation camera (model 600 XR/T; General Electric) into #ft anterior descending (LAD) coronary artery. A left lateral
single imaging system capable of recording coregistered anatoRHgracotomy was performed in the fifth intercostal space and the
information from CT and function information from SPECT7. | AD coronary artery was isolated distal to the first major diagonal
Because the CT-SPECT system uses a common patient tablepfghch. A snare occluder was placed around the artery and the ribs
repositioning (other than table translation) is required between th@re repositioned to approximate a closed-chest configuration.
CT and SPECT data acquisitions, which minimizes shifts in inteGnce the animal was positioned on the imaging table, the occlu-
nal anatomy and allows accurate image registration. The twfpon was initiated by tightening the snare occluder surrounding the
datasets are coregistered in software using a rigid-body transfoiD coronary artery. To allow for blood clearance of the radio-
mation matrix derived from the images of fiducial markers scannggharmaceutical, the occlusion was maintained for a total of 6 min,
in the CT-SPECT systenT), Volumes of interest defined in onewith the administration of*"Tc-sestamibi occurring 2 min after
space can then be easily transferred to the other image space ugiegstart of the occlusion. After the 6-min occlusion, the snare
this transformation matrix. Furthermore, the coregistered CT imeccluder was released and the LAD coronary artery was reper-
age can be used to generate an object-specific attenuation mapfisdd.
is incorporated into an iterative maximume-likelihood expectation All animals were imaged in the supine position. During CT data
maximization (MLEM) reconstruction algorithm for attenuatioracquisition, iodinated contrast agent (300 mg I/mL iohexol) was
compensation of the radionuclide imageq;18,19. Details of the infused continuously through an ear vein catheter at a constant rate
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of 5 mL/min to opacify the cardiac blood pool, thus allowing th{
myocardium to be visualized. To reduce streak artifacts in the (
image caused by respiratory motion, use of the ventilator w|
suspended during CT image acquisition. After CT data acquisitig
the imaging table was extended to the scintillation camera withg
repositioning the animal on the table in preparation for SPE(C
scanning. To reduce effects associated with hepatic activity,
minimum of 60 min was allowed to elapse after i&Tc-sesta
mibi was injected before SPECT imaging was initiated. After th
desired images were acquired, the animal was killed and a sef
CT and SPECT images was acquired free of any respiratory
cardiac motion effects.

Ex Vivo Quantification

To quantify the regional activity concentration in the myocar
dium, the heart was removed from the dead animal after t
imaging study. Starting from the apex, the myocardium was slic
into approximately 1-cm-thick short-axis slices. Then, for eag
slice, the left ventricle was separated from the right ventricle an
using the junction of the right ventricle as a reference, the lg
ventricle was further divided into four roughly equal-sized sectior|
corresponding to the septal, anterior, lateral, and inferior walls. H
those animals without a surgically induced defect, the apical sli

D SPECT image

Y

B original template

C reconstructed template

typically was left intact. The individual tissue samples were thel'-:'IGURE o
weighed and the radionuclide contents were measured by placyyg - witr; e

(A) Axial slice from one CT image of normal pig
ndocardial and epicardial borders drawn. (B) Myo-

the tissue samples directly on the face of the scintillation cametgyial region of interest, or template, derived from CT image.
with a vial containing a known activity of*"Tc as a calibration Each pixel in template is assigned value of 1 to represent

source. For identification, the myocardial segments were nummiform activity concentration distribution over extent of myo-
bered according to the layout shown in Figure 1. For those cag@gdium. (C) Reconstructed template image obtained after
in which the apical slice was left intact, it would be numberefathematically modeling SPECT acquisition process. (D) Cor-

segment 4 and the remaining segments would be numbere

shown (i.e., there would be no segment 1, 2, or 3).

Anterior

Septal
[exele

Inferior

FIGURE 1. Schematic bull’'s eye plot indicates numbering
sequence used to identify various myocardial segments. When
apical slice was left intact, it would be numbered segment 4 and
remaining segments would be numbered as shown.

gresponding #mTc-sestamibi image.

SPECT Quantification

To calibrate the reconstructed image values into units of activity
concentration (kBg/mL), a 14.3-cm-diameter cylindric water phan-
tom containing a known uniform activity concentration %8fTc
was also imaged in the CT-SPECT system. To avoid any possible
errors caused by changes in camera efficiency or technique, the
calibration factor was measured for each animal study. As ex-
pected, the measured calibration factor remained relatively con-
stant between experiments, with a mean value of 0.666.011
(kBg/mL)/reconstruction counts and a range of 0.655—0.688 (kBq/
mL)/reconstruction counts.

To model the partial-volume effects and other distortions re-
sulting from the imaging process, the high-resolution CT images
are used to model a perfectly uniform myocardial distribution of
activity that accurately reflects the geometry of the myocardial
mass. Because iodinated contrast agent is used during the CT data
acquisition, the myocardial wall can be visualized on the CT
image. Endocardial and epicardial borders are defined manually on
each of the transaxial slices of the CT image (Fig. 2A) to delineate
the myocardial volume of interest. All pixels in this volume of
interest, or template, are assigned a value of 1 to represent a
uniform activity distribution over the geometric extent of the
myocardium (Fig. 2B). Then, using a realistic physical model of
the SPECT imaging process (including photon attenuation and
nonideal collimation), the template is mathematically projected
into 128 angular views to simulate the SPECT acquisition. In the
projection model, photon attenuation is calculated using the atten-
uation map created from the correlated CT ima@el®, and
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nonideal collimation is accounted for using a distance-dependemntional image correction techniques, the method we describe
blurring model for the LEHR collimator 16,22. Finally, the focuses on quantification of the image rather than improving image
template image is reconstructed (Fig. 2C) with the same iteratigeality. To quantify the activity concentration, the reconstructed
MLEM algorithm and attenuation map used to reconstruct thmage is divided by the reconstructed template. However, outside
radionuclide image (Fig. 2D). Whereas the original template, def the region of interest to be quantified (i.e., the myocardial
fined on the high-resolution CT image, specifies the geometry feolume), the reconstructed template contains zero-value pixels,
the volume of interest on the radionuclide image, the reconstructetiich creates discontinuities. Because the activity concentration is
template image is effectively a map of correction factors for théetermined from the mean pixel value within the myocardial
volume of interest on the radionuclide ima@. (This technique is volume of interest, the resulting discontinuities do not affect the
similar to methods used to correct for partial-volume errors in PEjuantification process. However, they do prevent one from using
of the brain using registered MR image3{25. this method to produce a radionuclide image that is corrected for
After reconstruction, the radionuclide image and the templagartial-volume effects.
are reoriented into short-axis slices. Because the original templateThe in vivo and ex vivo activity measurements were compared
defines the geometry of the myocardium, it can be used to spedify matching the thickness of excised myocardial tissue slices with
the region of interest to be quantified in the radionuclide imagthose of the reconstructed SPECT images. This was done by
This can be particularly useful for quantifying ischemic regiongjetermining the activity concentration from the average counts
where it can be difficult to identify the myocardium on the radiowithin the CT-derived volume of interest averaged over the five
nuclide image alone (Fig. 3). For all of our studies, the relativiemographic slices of the radionuclide image corresponding to the
activity concentration for the myocardium is determined from th#&-cm-thick myocardial tissue slice. Then, using the junction of the
mean pixel value within the myocardial volume of interest asght ventricle as a reference, the CT-derived volume of interest is
defined by the CT-derived template. The mean myocardial pixéivided into four segments corresponding to the septal, anterior,
value is then scaled by the calibration factor measured with theteral, and inferior walls to quantify the regional activity concen-
uniform water phantom described previously to convert to absolutation of each segment to compare with the ex vivo measurement
activity concentration. To correct for partial-volume effects, thdescribed earlier.
reconstructed image is divided by the reconstructed template on éBecause the in vivo and ex vivo measurements were obtained at
pixel-by-pixel basis before quantification. Note that, unlike cordifferent times, a correction for the changing activity concentration
of 99MTc-sestamibi within the myocardium was required. This
correction must account for the physical decay of the radionuclide
and the biologic washout of the radiopharmaceutical from the
myocardium. We assume a monoexponential model for the bio-
logic washout. To determine the biologic half-lifg;{) of %™ Tc-
sestamibi in the porcine myocardium, we acquired a series of
anterior planar images at specific times over the course of one of
the imaging studies. A region of interest was drawn around the
myocardium on the planar image and the integral counts within
this region of interest were determined for each dataset. Then, by
plotting the integral counts (n) within the myocardial region of
interest as a function of time (t), we can determigg by fitting
the data to:

A CT image D SPECT image

N = NOe{*|n(2)(l/Tphys)}e{*|n(2)(l/wac\)} Eq 1

where N is a normalization factor angsis the physical half-life
of #9™Tc (i.e., 6 h).

RESULTS

Biologic Washout of #mTc-Sestamibi

The biologic washout o¥"Tc-sestamibi is illustrated in
Figure 4, where the integral counts in the myocardial region
of interest for the planar images from one animal are plotted
as a function of measurement time. Before the time at which

B original template C reconstructed template

FIGURE 3. (A) Axial slice from one CT image of pig with
surgically induced LAD coronary artery occlusion shown with
endocardial and epicardial borders drawn. Cross section
through ventilation tube is visible in lower left corner of CT
image. (B) Myocardial region of interest, or template, derived
from CT image. (C) Reconstructed template image obtained
after mathematically modeling SPECT acquisition process. (D)
Corresponding 99mTc-sestamibi image shows severe antero-
septal perfusion defect.

ABsoLUTE QUANTIFICATION wiTH SPECT ¢ Da Silva et al.

the animal is killed, the myocardial activity concentration
decreases more rapidly than the physical decay of the iso-
tope alone, indicating both physical and biologic decay.
These data were fit to Equation 1 to obtain g, tfor

99T c-sestamibi in porcine myocardium of 355 24 min.
This is approximately half of the, of °°"Tc-sestamibi in
normal human myocardium (686 45 min) 26). After the
animal is killed, the myocardial activity concentration de-
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FIGURE 4. Integral counts in myocardial region of interest
(RQI) from planar images obtained at various times throughout

imaging study. Dotted vertical line represents time of cardiac 0, '2'0' ' '4'0' ’ ‘610‘ T30 100 120 140
arrest. Solid curve is fit to data obtained while animal was alive,

assuming both physical decay and biologic washout (Eq. 1). Ex Vivo Measurement (kBq/g)

Dashed curve represents physical decay only, expected after

animal is dead. FIGURE 6. In vivo vs. ex vivo activity concentration measure-

ment for eight pigs included in study. O = activity concentration
measured in every myocardial segment with only attenuation
creases with the,f,s of ®"Tc as indicated in Figure 4. To correction applied. Dashed line is least-squares linear fit to data
correct for physical decay and tracer kinetics in all subswith slope of 0.421 and offset of 7.09 kBa/g (r = 0.821). m =

guent measurements, we assume both physical decay &Ity concentration measured in every myocardial segment
biologic washout while the animal is alive (with half-livesW'th both attenuation and partial-volume corrections applied.
of 360 min and 355 min, respectively), but only physicaj

decay after the animal has been killed.

olid line is least-squares linear fit to data with slope of 0.901
nd offset of 11.17 kBg/g (r = 0.863).

Ex Vivo Quantification
For our control animals (hormal myocardial blood flow)In Vivo Quantification

the distribution of**"Tc-sestamibi uptake was not uniform Figure 6 shows a scatter plot of the in vivo measurement
throughout the myocardium. As indicated in Figure 5, thbtained with attenuation correction only and with both
biologic variation in the radionuclide uptake in the normagttenuation and partial-volume corrections versus the ex
porcine myocardium is significantly larger than the statisti;vo measurement for all pigs included in this study. Linear
cal uncertainty of the regional ex vivo measurements.  fits to these two datasets are also shown in Figure 6. In the
ideal case, the data would fall along a line with unit slope
and zero offset. For the measurement with attenuation cor-

110 TS I B A L L rection Only, the Slope of the line fitis 0.421, indicating that
= 105 3 the in vivo activity concentration is approximately 58% too
E\g 100 b ) . E low. quever, w.|th both the attenuanqn anq partlal—volym_e
= : . o ¢ . ; ] corrections applied, the slope of the line fit is 0.901, indi-
2 9%r ¢ E cating that the in vivo activity concentration is within 10%
% 90k ¢ ] . ¢ . °. ¢ — of the true value. In both cases, the small offset in the line
I 855_ ¢ o fit is most probably caused by scatter and background
T e § activity.
§ 80 ¢ E Although not shown in Figure 6, the in vivo activity
= 15k ] concentration was also determined for some animals from

pobi images reconstructed with an iterative MLEM algorithm
2 4 6 8 10 12 14 16 18 20 22 24 26 that included attenuation compensation and a distance-de-
Myocardial Segment pendent blurring model16,29 for the LEHR collimator

FIGURE 5. Ex v — _ 1 . used for the data acquisition. Using this approach, the
5. Ex vivo activity concentration measured in each ., yiirative accuracy was better than with attenuation cor-
myocardial segment of one control animal (normal myocardial

blood flow). Refer to Figure 1 for physical location of myocardial ~ '€ction alone, but the true activity concentration was still
segments. underestimated by approximately 35%.
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DISCUSSION sults obtained by including attenuation and partial-volume

Quantification of myocardial perfusion studies can imcorrections. Because the template correction technique
prove reproducibility, reduce interobserver variability, angodels the physical effects of the image acquisition process,
lead to more standardized, objective reports. Current quahis Not necessary to use an iterative reconstruction algo-
tification techniques used in myocardial perfusion studié§hm. In fact, similar quantitative results were obtained
provide only relative tracer activity within myocardial re-using filtered backprojection to reconstruct the radionuclide
gions defined by an individual SPECT acquisition. Absolut@"d template images, which significantly reduced computa-
quantification (i.e., determining the absolute tracer activi#§on time. For this quantification technique, the particular
in becquere|s per gram of tissue) could provide SignificaﬁhOice of reconstruction algorithm itself is rE|atiVE|y unim-
advantages over these relative measurements becaudeoftant, provided that the same algorithm is used to recon-
would allow patients to serve as their own controls. Abs@truct both the radionuclide and the template images.
lute quantification provides the ability to compare two A potential limitation of our analysis is that we do not
SPECT scans under different conditions (e_g_' stress ﬁfép'lcmy account for scatter radiation. However, because
rest) or at different times (response to therapy) and tge calibration factor was determined from a water phantom
quantitatively determine the change in tracer uptake. Unfdpeasurement that contains scatter, some of the effects of
tunately, achieving absolute quantification is a difficult taskcatter radiation are accounted for indirectly. To ensure that
because of effects such as photon attenuation, partial-v4e were not overlooking a potential problem, we did ac-
ume errors, and scatter radiation. Nonetheless, the techni§yée some datasets with secondary energy windows and
we describe appears to overcome these difficulties. analyzed these datasets with two of the scatter correction

Variations in intensity on the reconstructed template intechniques described in the literatu7(2§. The results
age (Fig. 2C) are caused by resolution effects. Furthermo@®tained with these scatter correction methods were quan-
the reconstructed image appears to be somewhat distotigatively comparable with the results obtained without an
because of the interplay between the spatially variant attegxplicit scatter correction. This was not entirely unexpected
uation characteristics and the distance dependence of B§gause simulation studies performed by our group suggest
collimator resolution. It is clear from these images that #at, for the pig anatomy, large regional variations caused
simple three-dimensional blurring of the original templatgy scatter from hepatic activity are not expected across the
will not reproduce the reconstructed template image. Thigyocardium 29). Therefore, by including the effects of
suggests that these effects cannot be accurately correctedsgitter only indirectly (i.e., by using the water tank calibra-
with a deconvolution technique using the point-spread funtion factor) we are still able to determine the regional
tion measured at the isocenter. However, the template cgtyocardial activity concentration relatively accurately.
rection technique corrects for the partial-volume effects andA second potential limitation of our analysis is that we do
the distortions resulting from the imaging process during ti@t account for cardiac and respiratory motions. Although
course of quantification. For comparison, other attemp@&ted acquisitions could be used in conjunction with the
were made to compensate for the limited spatial resolutibpethodology we present to account for motion, we have
of the SPECT system, including modeling the intrinsitried to assess both cardiac and respiratory motion effects.
spatial resolution and depth-dependent collimator responsd 0 assess cardiac motion effects, we performed one gated
in the reconstruction of the radionuclide imagk6,29. SPECT study; unfortunately, we are unable to do gated CT
Although this method does improve the quantitative accimaging with our system. In the gated SPECT study, the
racy and image quality, it cannot fully recover the activityalues obtained at diastole were approximately 15% differ-
concentration because of resolution losses. ent than those obtained at systole, with the values obtained

Slight distortions occur in the imaging and reconstructioby including data for the entire cardiac cycle falling midway
process because of the interplay between the distance-itebetween. Because the CT image is ungated, we do intro-
pendent collimator blur and the spatially variant attenuatighuce a motion blur into the template process. Comparison of
effects. Because the reconstructed template is also subjedh® CT image acquired while the animal is alive with a
these distortion effects, it may be more appropriate to use@mparable CT image acquired after the animal has been
thresholded version of the reconstructed template to defikided, we see that the myocardial wall, as defined by CT, is
the volume of interest to be quantified as opposed to tgenerally thicker when the animal is alive because of mo-
original template defined by the CT image. However, quatien blur. Effectively, the point-spread function of the sys-
titatively, the results obtained using the template correctidem is increased because of the motion effects.
technigue were relatively insensitive to which template (i.e., To assess respiratory motion (in the absence of cardiac
the original CT-defined template or the reconstructed temotion) we also performed one imaging study in which the
plate) was used to define the regions of interest. animal was mechanically ventilated after it had been killed.

Finally, an iterative MLEM reconstruction algorithm wasThe animal was also imaged without being ventilated, and
chosen simply so that we could compare the results thfe values obtained in the two cases varied, on average, by
including attenuation correction alone directly with the reabout 10%.
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SPECT images that accounts for attenuation and partial-
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