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Maximum-count circumferential profile analysis of 2°'Tl single photon emission computed
tomograms (SPECT) was employed to quantify infarct size (75) in ten dogs with acute closed
chest coronary occlusion (seven left anterior descending coronary artery and three left
circumfiex coronary artery) who underwent rest-redistribution 2°'TI SPECT. The extent of
hypoperfused myocardium was calculated as a percentage of slice mass on rest-redistribution
20'T) SPECT. Pathologic IS was determined by tripheny! tetrazolium chioride (TTC) staining.
On each tomogram, SPECT IS was defined as the % of the maximum-count circumferential
profile points falling below normal. To calculate total LV infarct size, slice ISs were added to
one another after each was multiplied by a coefficient K that refiected the contribution of that
slice to the total left ventricular mass. K was derived from an observed relationship in normal
dogs between slice fractional distance from the apex and either (a) its actual weight, (b) its
geometric SPECT area, or () its count-based SPECT area, the assessment of which was
independent of edge detection. Using any of these algorithms, there was a high linear
correlation between the tomographic and TTC IS. A similar algorithm was also developed
from tomograms of eight normal patients. These data offer promise for the clinical
noninvasive assessment of the extent of hypoperfused myocardium.
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Noninvasive assessment of the extent of myocardial
infarction may guide therapeutic interventions and pro-
vide prognosis information (/-5). Several nonimaging
(6-9) and imaging (8-20) techniques have been applied
for measurement of infarct size. Using thallium-201
single photon computed rotational tomographic (*°'T1
SPECT) technique, we have previously applied maxi-
mum-count circumferential profile analysis for the
quantification of the extent of experimental myocardial
infarction on individual tomographic slices (27). In this
study, we (a) developed tomographic image-based al-
gorithms for determination of the contribution of myo-
cardial slices to the total left ventricular mass in normal
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canine hearts, (b) applied these algorithms for the as-
sessment of experimental left ventricular infarct size,
and (c) determined whether or not similar image-based
algorithm could be developed from the tomographic
data of normal human subjects.

MATERIALS AND METHODS

Experimental Protocol

Sixteen dogs (16 to 32 kg) were studied, six controls and
ten with acute myocardial infarction. Anesthesia was induced
and maintained with i.v. administration of sodium pentobar-
bital (25 mg/kg for induction). Myocardial infarction was
produced by closed-chest occlusion of a coronary vessel as
follows. Femoral arterial pressure and peripheral-lead electro-
cardiogram were monitored continuously. Heparin (100 IU/
kg) was administered hourly. A modified 7F Judkins’ angio-
graphic catheter was introduced into the left common carotid
artery and advanced under fluoroscopic control into the os-
tium of the left anterior descending coronary artery (LAD) in
seven dogs or the left circumflex artery (LCX) in three dogs.
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An inflatable balloon-tipped 2F Fogarty catheter was then
passed through the angiographic catheter and positioned into
the coronary artery to occlude the vessel at different levels
from the ostium. The occlusion was maintained for at least 6
hr before thallium imaging and was continued until dogs were
killed.

Imaging Protocol

The dogs were put on the imaging table in the right anterior
oblique position. Two millicuries of 2°' Tl were injected intra-
venously and tomography was performed in vivo 10 min after
injection. A large field-of-view camera' was used equipped
with 75 photomultiplier tubes, a '-in.-thick Nal (T1) crystal,
and an all-purpose, parallel-hole collimator. Two 20% energy
windows positioned on the 68-80 keV and 160 keV photo-
peaks were used. The collimator was rotated 180° around the
dog’s chest from the left lateral to the right lateral position to
obtain 30 projections spaced by 6° each. Each projection was
acquired for 30 sec. The data were stored in a 64 X 64 X 16
bit matrix. The extrinsic full width half maximum (FWHM)
measured with a line source at 8 in. was 18 mm in air for
20171, The pixel size was 0.434 % 0.434 cm.

Postmorten Infarct Size Assessment

Immediately after imaging, the dogs were killed by i.v.
injection of potassium chloride and the hearts were excised
and cut into 6 to 12 mm thick slices perpendicular to the long
axis of the left ventricle. The slices were incubated for 10 min
in triphenyl tetrazolium chloride (TTC). We used TTC for
pathological infarct size assessment since several studies have
demonstrated the validity of TTC staining for determination
of myocardial infarct size in dogs, 6-8 hr after coronary
occlusion (22,23). The size of the TTC-defined infarct was
measured by planimetry in each myocardial slice on its basal
side by an experienced technologist unaware of the scinti-
graphic findings. To express the TTC slice infarct size in
grams, the % infarcted area of the basal and apical side (the
latter being measured on the basal side of the preceding slice)
were averaged and the resulting % infarcted area was multi-
plied by the slice mass. To obtain the % TTC infarct size for
the entire myocardium, the infarct mass of all slices were
added together and the total infarct mass was divided by the
total left ventricular mass.

Tomographic Cut Infarct Size Assessment

The infarct size in individual tomograms was assessed
according to our previously described technique (27). Briefly,
each of the 30 projections was corrected for nonuniformity
with a 30 million-count image of a cobalt-57 source and
adjusted for center of rotation. Projections were filtered back-
projected using a low-resolution Hanning filter to obtain
transaxial tomograms. Then the transaxial tomograms were
nine-point smoothed (4-2-1 weighing) and then reoriented
into vertical long-axis and short-axis tomograms, parallel and
perpendicular to the long-axis of the left ventricle (24). Myo-
cardial activity was analyzed from the short axis profiles,
except for the apex, which was analyzed from the apical
portion of the vertical long-axis profiles. Maximum-counts
circumferential profiles were extracted from the tomograms
and compared to previously established normal limits. The
infarct size (in %) was defined by the % of circumferential
profile points falling below a threshold that had demonstrated
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a high correlation (r = 0.95, p < 0.001) between the pathologic
and tomographic infarct size in 15 calibration slices of in-
farcted dogs in a previous study (217).

Total Left Ventricular Infarct Size Assessment

To assess left ventricular infarct size, the infarct size on
each slice had to be summed. Since the circumferential profiles
analysis technique results in the infarct size given as a per-
centage, the difference in myocardial slice mass from apex to
base has to be taken into consideration. As shown on Figure
1, when the left ventricle is sliced at equidistant intervals,
perpendicular to the long axis of the heart, slice mass differs
from apex to base because of varying slice radius and myocar-
dial wall thickness. Thus, it was postulated that each myocar-
dial slice would represent a certain fraction of the left ventric-
ular mass according to its fractional distance along the long-
axis of the left ventricle. Therefore, the number of abnormal
profile points on each tomogram (Apapes, APs, APy, - - - ) Was
multiplied by a coefficient K, reflecting the contribution of
each myocardial slice to the total left ventricular mass and
then summed. K for a particular slice was defined by the ratio
of the slice mass over the heaviest slice mass. This sum was
divided by the total number of left ventricular profile points
corrected for K according to the formula:

% 15 = APwex(Kaper) + API(K,) + Apx(Ko) + - --
Tle(Km)+6o(Kl +KZ+K3 '..) Y

where Ap = number of abnormal points in the apex (Apapex)
and short-axis cuts numbered from the most apical to the
most basal (Ap,, Ap; - - -), K = correction factor for the apex
(Kapex) and short-axis cuts (K, Kz - - -). Tpapex = total number
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FIGURE 1

Varying myocardial slice mass from apex to base. For
similar slice thickness, each slice mass is dependent on
the mean radius and myocardial wall thickness.
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of points in the apex, 60 = number of points per short-axis
slice, K,, K, = K factor for short-axis slice 1,2 - --.

In order to determine K, three algorithms expressing the
difference in mass of equal thickness myocardial slices from
apex to base were developed. Algorithm 1 related the % slice
mass to its distance from the left ventricular apex; Algorithms
2 and 3 related the % slice surface area to its distance from
the left ventricular apex. Subsequently, Algorithms 1 through
3 were used to calculate total left ventricular infarct size
(respectively, methods | through 3).

Algorithm 1

This algorithm, described in a previous study (25), will be
the reference algorithm here. It was developed from the post-
mortem data of the five control dogs in which data was
available for measurement. To express the contribution of
each myocardial slice to the total left ventricular mass, the
actual mass of each myocardial slice was expressed as a percent
of the heaviest slice in a given heart and plotted as a function
of the fractional distance of the slice along the left ventricular
long axis. Polynomial regression analysis was applied to define
the relationship between the % mass (K) and the fractional
distance for each dog and for all dogs pooled.

Algorithm 2

This algorithm was developed from the tomographic data
of the six control dogs to reflect the relative slice mass from
its scintigraphic geometric slice area. The rationale was the
following. Since slice mass is proportional to slice volume, the
slice volume should vary with slice distance similarly as slice
mass varies with slice depth. In addition, if all slices have the
same thickness along the left ventricular long-axis, which is
the case for the tomograms (that are all 1 pixel thick), slice
area and slice volume are proportional and slice area should
vary with distance in a fashion similar to slice mass. Thus,
slice area was calculated on the short-axis tomograms as S =
x-d-t (see Appendix) where d = slice mean diameter and t =
myocardial wall thickness (along the short axis of the slice)
(Fig. 2). The distance (in pixels) between the two peak activities
on the count profile across the center of the slice was defined
as “d”. To measure myocardial wall thickness, the operator
drew manually two vertical profiles on the epicardial and
endocardial edges of the two opposite walls adjacent to the
interventricular septum and t was given by the average dis-
tance in pixels between the two profiles. At the level of the
apex where no ventricular cavity was present, S was measured
as S = x(d'/2)?, where d' = entire diameter of the slice.

The most basal slice was defined as that beyond which the
pattern of 2°' T1 uptake became crescent-shaped (less than half-
circle) or became fragmented.

Subsequently, the slice surface expressed as a % of the
largest slice was plotted as a function of slice fractional distance
from the apex. Polynomial regression analysis was applied to
the relationship % slice area versus fractional distance in each
dog and for all dogs pooled together. In this method, the
measurement of wall thickness was dependent on edge detec-
tion.

Algorithm 3

The aim of this approach was to develop an algorithm
independent of edge detection. This algorithm reflected the
relative slice mass from its tomographic area approximated
by a count-based technique: It has been previously shown that
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S=N (%N (&)=1-d-t

FIGURE 2

Determination of myocardial slice surface area on a short-
axis tomogram. The slice surface area is calculated as S
= x-d-t, with d = mean diameter and t = myocardial wall
thickness. d is defined by the distance in pixel between
the two peak activities on a profile drawn through the
center of the slice. t is measured by drawing two vertical
profiles on the endocardial and epicardial side of the two
walls adjacent to the interventricular septum (RV = right
ventricle) and averaging the two measurements. Of note,
in dogs, the right ventricle is located above the left ventri-
cle, thus the interventricular septum is the upper wall.

in positron emission tomography (PET) imaging, the counts
recovered from the tomograms are dependent on object size
(26,27), for object smaller than twice the FWHM, when using
high-, medium-, or low-resolution filters. Similar near-linear
dependence was found in SPECT imaging (28) with the
recovered counts from technetium-99m- (**™Tc) filled spheres
or ®™Tc wedge-phantom imaged by a device similar to the
one used in the present study. In our experiment, myocardial
wall thickness or myocardial slice thickness never exceeded
30 mm; thus it was always <2 FWHM (36 mm). Thus we
postulated that the dependence of the recovered counts on
object size should also exist with 2°'T1 SPECT and that the
maximum count vale (C) found in each normal tomogram,
would reflect the myocardial wall thickness (t). Therefore, the
formula S = ii.t.d from Algorithm 2 was modified by substi-
tuting C (maximum count value) for t to yield a “count-based
slice area” defined as S = ii.C.d. Subsequently, the count-
based slice area, normalized to the greatest slice area for a
given heart, was plotted as a function of fractional slice
distance from the apex. Polynomial regression analysis was
applied to the data in a similar fashion as in Algorithms 1 and
2.

Clinical Protocol
In eight patients with a <1% calculated likelihood of coro-
nary artery disease (29,30), 2 mCi of *'Tl were injected
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intravenously at the peak of a symptom-limited exercise and
exercise continued 1 min after injection. Imaging was started
10 min after the end of exercise. Imaging and reconstruction
protocols were similar to those of the experimental protocol.
On the reconstructed tomograms, slice mean diameter and
maximum counts were measured and count-based slice area
was then calculated. The dependence of count-based slice area
on fractional slice distance from the apex was assessed in a
similar fashion as in Algorithm 3 of the experimental protocol.

Statistical Analysis

Statistical analysis was carried out using BMDP and SAS
statistical software packages (31,32).

1. Polynomial regression analysis was applied to define a
functional relationship between myocardial slice mass and its
distance from the apex (Algorithm 1) and to determine the
polynomial degree which best fit the data. In a similar fashion,
the analysis was applied to define the dependence of, respec-
tively, myocardial slice geometric area and slice distance from
the apex (Algorithm 2) and count-based slice area on its
distance from the apex (Algorithm 3). The comparison of
individual dog polynomial regressions was carried out using
analysis of variance (31) of regression coefficients over the
different dogs.

2. The pathologic and tomographic infarct sizes for each
of the three methods were compared using least squares linear
regression analysis and by simultaneously testing if the slope
differed from 1 and if the y-intercept differed from 0 (multi-
variate F test) (32,33) for the regression of tomography on
pathologic infarct size. The s.e.e. measured the random vari-
ability in tomographic infarct size given the pathologic infarct
size (33). The relative bias represented the mean difference
between the pathologic and tomographic infarct size for a
given method. The relative precision for a given method
represented the s.d. of the relative bias (i.e., the s.d. of the
difference). All p values were two-tailed.

RESULTS

Pathology

Table 1 summarizes the pathologic results for all 16
dogs. The mean heart mass was 82 + 9 g (mean + s.d.)
for the control dogs and 93 + 27 g for the infarcted
dogs. The infarct mass ranged from 8 to 40 g, repre-
senting 9% to 31% of the left ventricle. The mean
infarct mass was 23 + 9 g in dogs with LAD necrosis
and 17 + 7 g for the dogs with LCX occlusion.

Algorithm 1

In the control dogs a consistent relationship was
observed between fractional slice distance and slice
weight so that the mass of each slice increased with
increasing fractional distance from the apex to the mid-
ventricular region and then decreased (Fig. 3). A sec-
ond-degree equation fit the data best or was no worse
than a higher degree equation for the five dogs. The
five equations did not differ significantly from each
other, so a pooled second degree polynomial equation
was fit to all of the data as K (in %, for a particular
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TABLE 1

Pathologic Measurements in 16 Dogs
Heart weight Infarct weight Infarct size
Dog no. () () (%)
Control
1 — 0 0
2 79 0 0
3 68 0 0
4 86 0 0
5 95 0 0
6 84 0 0
LAD occlusions
7 109 28 26
8 165 40 24
9 84 27 31
10 82 10 13
11 91 24 26
1 91 24 26
12 71 14 20
13 64 19 30
LCX occlusions
14 83 24 29
15 97 19 19
16 87 8 9

slice) = —0.023X? + 2.94X — 1.2 (* = 0.87, s.ee. =
10%) where X is the fractional slice distance from the
apex. This equation was referred to as Eq. 1. We con-
cluded that K for a given slice could be predicted from
its fractional distance along the left ventricular long
axis.

Algorithm 2
A consistent relationship was observed between the
geometric slice surface area and fractional distance from
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FIGURE 3

Dependence of myocardial slice mass on its distance from
the left ventricular apex in the five control dogs. A second-
degree equation best described this relationship.
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FIGURE 4

Dependence of myocardial slice geometric surface area on
its distance from the left ventricular apex in the six control
dogs. A second degree equation best described the data.

the apex in the six control dogs. Slice area initially
increased with distance from the apex to the mid-
ventricular region and then decreased (Fig. 4). For five
of six dogs the best fit was a second degree equation.
For each individual dog, the equations weight versus
fractional distance and area versus fractional distance
did not differ significantly except for one dog. When
the individual equations were pooled, a second degree
equation: K (in %) = —.023X2 + 2.8X + 7.6 ( = 0.85,
s.e.e. = 10%) best described the data [Eq. (2)]. This
pooled equation was not significantly different from Eq.
(1) (p = 0.4). Thus, we concluded that the relative
geometric slice area reflected the relative mass of a
myocardial slice and allowed the determination of K.

Algorithm 3

A consistent relationship was observed between
count-based slice area and its fractional distance from
the apex in the six control dogs. Count-based slice area
initially increased with distance to the mid ventricular
region and then decreased at proximity of the base (Fig.
5). For five of six dogs, the best fit was also a second
degree equation. The individual equations for % count-
based versus fractional distance did not differ signifi-
cantly from the equations % geometric area versus
fractional distance in five of six dogs (Algorithm 2) and
from the equations % weight versus fractional distance
in four of the five dogs for which the pathologic data
was available (Algorithm 1). When all the equations
were pooled, a second degree equation fit the data best
as K = —0.027X2 + 3.2X + 2.5 (© = 0.87, see. =
9.4%) [Eq. (3)). The pooled equation was not signifi-
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FIGURE 5

Dependence of myocardial slice count-based surface area
on its distance from the left ventricular apex in the six
control dogs. A second degree equation best described
the data.

cantly different from Eq. (2) (p = 0.07) and was mar-
ginally significantly different from Eq. (1) (p = 0.05).
Thus, it was concluded that the three pooled equations
were functionally comparable at the current level of
precision of the measurement and that slice count-based
surface area reflected the slice geometric area, and that
this algorithm permitted the determination of K.

Application of Correction Algorithms 1 Through 3
to Assessment of Total Left Ventricular Infarct Size
Figure 6 illustrates the relationship between the path-
ologic infarct size (x-axis) and the tomographic infarct
size (y-axis) for the three methods. For all methods,
there was a significant linear correlation between the
two variables. The parameters of the regression lines for
the three methods are summarized in Table 2. For all
three methods, the slopes were close to unity (respec-
tively, 0.95, 1.01, and 1.03 for Methods 1 through 3)
and the intercepts were close to zero (respectively, —0.3,
—0.4, and —0.5). None of the regression lines was
different from the line of identity as demonstrated by p
values of 0.69, 0.99, and 0.98, respectively, for Methods
1 through 3. The correlation coefficients r were 0.83,
0.84, and 0.85, respectively. The s.e.e.s (%) were 5, 5.1,
and 5.1 for the three methods. The relative precisions
were very close to each other for the three methods.
The relative biases were slightly smaller for Methods 2
and 3 than for Method 1. Thus, the image-based meth-
ods provided results that were at least as good as the
pathologic-based method (Method 1) results, and all
three methods were suited for the determination of
infarct size.
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Relationship between the tomographic and pathologic infarct size. For all three methods there was a linear relationship
between the two variables. None of the regression lines differed from the line of identity.

To determine the effect of the variability of K on
total left ventricular infarct size measurement, we com-
pared the infarct size values obtained with K (Algorithm
3), K + 1 see. and K — 1 s.e.e., using in a dog with
LAD infarction in which the pathologic infarct size was
20.2%. The values obtained were, respectively, 21.2%
when the correction was done with K, 22.2% when the
correction was done with (K + 1 s.e.e.) and 20.6% when
the correction was done with (K — 1 s.e.e.). Thus, the
variability of K had little effect on left ventricular infarct
size measurement.

Dependence of Myocardial Count-Based Slice Area on
Slice Distance from the Apex in Humans
A consistent relationship between count-based slice

area and fractional slice distance from the apex was
observed in humans, with an initial increase of slice

TABLE 2
Parameters of Regression Line for Three Methods for
Determining Tomographic Infarct Size Versus TTC

Method 1 Method2 Method 3
Intercept -03 -0.4 -0.5
Slope 0.95 1.01 1.03
Pt (=) 0.69 0.99 0.98
R 0.83 0.84 0.85
P2 (<) 0.01 0.01 0.01
s.e.e. (%) 5 5.1 51
Relative bias (%) -14 -0.2 0.2
Relative precision 47 47 47
(%)

‘R = correlation coefficient.

TP, = p value for the comparison of the regression line

versus the line of identity.

P, = value in testing that the true correlation R is equal

to 0.
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area with distance until the mid-ventricular region, and
then a decrease at proximity to the base (Fig. 7). A
second degree equation (K = —0.028X? + 3.07X +
10.3; 2 =091, s.e.e. = 6.7%) [Eq. (4)] fit the data best.
This equation was significantly different (p < 0.001)
from Eq. (3) in dogs.

DISCUSSION

In this study we developed image-based algorithms
to determine the contribution of myocardial slice mass
to the total left ventricular mass in normal dogs. This
was attempted to derive correction factors for determin-
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FIGURE 7
Dependence of myocardial slice count-based surface area
on slice distance from the apex in eight normal humans.
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ing the total left ventricular infarct size from the infarct
size of individual tomograms.

Several studies have demonstrated that quantifica-
tion of experimental infarct size is feasible by °'Tl
SPECT. Keyes et al. (15) demonstrated that viable and
infarcted myocardium could be measured in excised
canine hearts by rotational *'T1 SPECT with 360°
acquisition and no attenuation or scatter correction.
Caldwell et al. (/7) measured relative myocardial per-
fusion defect size in dogs using 180° acquisition and no
attenuation or scatter correction. In all of these studies,
endocardial and epicardial myocardial borders as well
as the edge of infarcted area were assigned manually or
by a computerized edge detection algorithm.

In a previous study (21), we demonstrated that max-
imum count circumferential profile analysis could be
applied to quantify infarct size in individual tomo-
grams, using 2°'T1, 180° acquisition and no scatter or
attenuation correction. Since with the method of cir-
cumferential profile analysis, the infarct size is given as
a percentage, it was necessary to develop algorithms
accounting for the difference of myocardial slice mass
from apex to base. When this correction was not done
(uncorrected method) there was as overestimation of
LAD infarct size and an underestimation of LCX in-
farct size. This was due to the fact that this method
assumes that all myocardial slices contribute to the
same degree to the total left ventricular mass, and
overestimates the relative contribution of the apical part
of the left ventricle. Thus, infarction involving the apex,
such as LAD infarction, will be overestimated. Con-
versely, infarction involving the mid and basal portions
of the left ventricle, such as LCX infarction, will be
underestimated.

As expected, correction for slice mass using Algo-
rithm 1 consistently decreased the LAD infarct size by
decreasing the relative contribution of the distal slices
to the total left ventricular mass and slightly increased
the LCX infarct size by increasing the relative contri-
bution of the mid and basal slices to the total left
ventricular mass.

Since it may be difficult to gather enough autopsy
data from patients with normal hearts, we sought to
develop image-based algorithms accounting for the dif-
ference of myocardial slice mass from apex to base.
Algorithm 2 expressed the geometric surface area of
any given slice according to its fractional distance from
the left ventricular apex. Since Equations 1 and 2 did
not differ significantly, we concluded that these equa-
tions were functionally comparable at the level of pre-
cision of the measurement and that relative geometric
slice area reflected the relative mass of a myocardial
slice and that K could be predicted from Algorithm 2.
In this method, however, the measurement of slice
thickness was dependent on edge detection.

With Algorithm 3, the dependence of count-based
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slice area on the slice distance from the apex in normal
dogs is described. To determine the relative count-based
slice area, we used the previous observation of Hoffman
et al. (26) and Weisenberg et al. (27) where, in positron
emission tomography, the recovered counts have been
demonstrated to depend on wall thickness when the
thickness of the object is smaller than 2 FWHM. Their
experiments were conducted with three different filters
(high, medium, and low resolution) that gave, respec-
tively, FWHM of 11.6, 15.5, and 19.9 mm. Since for
object smaller than 2 FMHM there is never a plateau
region in the image to allow averaging of several pixel
elements, the maximum value was chosen as the best
estimate of the concentration of the tracer.

Galt et al. (personal communication), have shown
that when imaging spheres of different diameters filled
with #™Tc¢ or a wedge phantom with the same imaging
device as the one used in the present study, the re-
covered counts were also dependent on object size with
a near-linear relationship and “that it may be feasible
to predict myocardial wall thickness by comparing ex-
tracted counts to a standard thickness.”

In our study we used a low-resolution filter that gave
approximately the same resolution (18 mm FWHM) as
the resolution obtained in the PET study. We used the
maximum count value as the best representative of the
concentration of the tracer and thus of myocardial wall
thickness since it was the least attenuated. In our study,
the true myocardial wall thickness was not known, nor
any conversion factor between counts and thickness.
But this was not of importance since we were using
count-based slice area normalized to the greatest slice
area. Despite the different energy resolution of 2°'Tl,
the dependence of recovered counts on object size was
still apparent in our study since Eq. (3) was not signif-
icantly different from the Eq. (2) and was only margin-
ally different from Eq. (1). It is possible that use of an
attenuation correction would improve the relationship
between the three algorithms. We did not use any
attenuation correction since no adequate attenuation
correction is presently available for 2°'T1.

Since for five of six dogs, the equations’ % geometric
area versus distance and % count-based area versus
distance were not different and since the pooled equa-
tions were at the most marginally different, we con-
cluded that (a) all three equations were functionally
comparable at the level of precision achieved and (b)
the relative count-based slice area reflected the relative
myocardial slice mass, and (c) K could be predicted
from Algorithm 3.

The next step was to develop a comparable equation
for human studies. To determine the algorithm we used
a similar process as for Method 3 in dogs, since the
results obtained using Algorithm 3 were at least as good,
as the results obtained using Algorithm 1 and since it
is an easy method to use, independent of edge detection.
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In humans, a predictable relationship was also observed
between % count-based slice area and fractional dis-
tance from the apex; as for the experimental data, a
second degree equation best fit the data (Fig. 7). This
equation was significantly different from Eq. (3), most
likely due to differing attenuation factors in the two
species, and differing myocardial geometry.

Whether or not this count based area is really repre-
sentative of the true slice volume in humans remains
to be addressed by generating an equation relating true
slice mass, measured on autopsied hearts to its frac-
tional distance from the apex. Such comparison will
allow to determine if attenuation in humans which is
substantially greater than in dogs, would alter slice area
estimation from the count-based method, especially in
the base of the heart.

APPENDIX

Measurement of slice surface area: If r, is the radius of the
outer circle and r is the radius of the inner circle, the slice
surface area is: S = »(r,®> — r;%). If t is the myocardial wall
thickness, and r is the mean radius, r, is equal to (r + t/2) and
rp=(r-1t/2).

Thus, S = w(r + t/2) — a(r —t/2’ =2 xt-1,0or S = x-d-t
if d = mean diameter.

NOTE

*(Siemens Rota or Siemens’ Orbiter) Searle-Siemens Med-
ical Systems, Inc., Iselin, NJ.
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