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This study validates a new quantitative myocardial perfusion
SPECT software. Methods: The processing starts with the ex-
traction of the morphologic skeleton of the left ventricular myo-
cardium from reconstructed transverse sections. Fuzzy logic is
used to decide whether a pixel belongs to the myocardium and
any perfusion defect is filled according to a truncated bullet
model. The resulting image is partitioned in 18 isovolumetric
sectors. Sex-matched normal limits, criteria of abnormality for
rest 20Tl and %mTc-labeled perfusion tracers, reproducibility
studies, and detection of coronary artery disease were devel-
oped and validated in an overall population of 343 patients. The
sex- and tracer-matched means and SDs of a normal response
were calculated in 93 male and 93 female patients with a <5%
likelihood of coronary artery disease. Reproducibility measure-
ments and assignment of different sectors of the myocardium to
a specific coronary were performed from data collected in 49
and 60 patients, respectively. The accuracy of the detection of
a coronary artery occlusion was assessed in 48 patients who
also underwent coronary angiography. Results: The intra- and
interoperator reproducibility of the sectorial activity was high
with a linear regression coefficient of 0.97 and a SD of the
difference measurement at 4.4% and 3.8%, respectively. Over-
all sensitivity and specificity for the detection of occluded cor-
onary artery were 90% and 80%, respectively. For the detection
of left anterior descending, left circumflex, and right artery cor-
onary occlusion, sensitivity was 92%, 75%, and 92.5%, respec-
tively, and specificity was 75%, 78%, and 90%, respectively.
Conclusion: The new quantitative myocardial perfusion SPECT
software appears to be a very helpful program for the objective
analysis of perfusion tracer distribution in myocardial SPECT
and a very accurate tool in the detection and localization of
coronary artery occlusion.
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The interpretation of myocardial blood flow images has
been greatly improved by the use of SPECT, but it has also
led to the need for a more precise analysis of the distribution
of activity in the left ventricular (LV) myocardium. Quan-
titative techniques have been developed, derived from the
analysis of circumferential profiles such as bull's eye anal-
ysis (,2), or based on a volumetric sectorizatio8-T).
Almost all approaches remain operator dependent, a crucial
limitation for the comparison between paired stress and rest
studies. Another limitation of some of these methods is a
high false-positive rate in the detection of coronary artery
disease, which limits their use in clinical practice. We have
previously developed an automatic method for the reorien-
tation of the LV long axis, a necessary preliminary step for
a precise quantitative analys&9). We now describe a new
and original approach to quantitative perfusion SPECT in-
volving principles of mathematic morphology and fuzzy
logic and providing a fully automatic sectorization of the
normal and abnormal LV. This study was designed to de-
velop sex-specific normal limits to assess the reproducibility
and the accuracy in detecting and localizing coronary artery
disease with this new software.

MATERIALS AND METHODS

SPECT Acquisition and Processing

Thirty minutes after tracer injection, patients were placed in
supine position. Using a single-head gamma camera (Sopha DSX;
General Electric Medical Systems) equipped with a low-energy,
high-resolution collimator, 32 projections of 40 ¥1l) or 30 s
(°*"Tc) each were acquired over 180° as a B464 matrix
(0.64-cm pixel size). Fot"Tc-labeled tracers, a 20% window was
centered over the 140-keV photopeak. P8I, a 20% window
centered over the 69- to 83-keV energy domain and a 20% window
centered over the 167-keV photopeak were selected. No scatter or
attenuation correction was applied. The sections were recon-
structed using a filtered backprojection algorithm with a Butter-
worth filter of order 5 and 0.25 pixet cutoff.

Transverse sections were automatically centered, reoriented,
and zoomed X2) using a commercial software from the same
manufacturer (MyoSPECT; General Electric Medical Systems).
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The myocardial tracer distribution was quantified with the Myoflex
program now available in the same software package.

As described earlier (10), the first step of Myoflex grossly
isolates the norma myocardium within the area defined by the
50% of maximum activity threshold. Then, a 3-dimensiona (3D)
skeletonization process (11-13) is applied. The agorithm removes
particular voxels called simple points (14), which are recognized
through the value of 2 multiparametric variables or topologic
numbers as defined in mathematic morphology. The result isa 3D
surface centered in the LV myocardium. This skeleton is enriched
by attributing to each of its pixels the value of its shortest discrete
distance to the outer limits of the 50% threshold. Therefore, that
structure corresponds to a compressed view of the LV myocar-
dium.

In patients presenting with a defect, the interrupted skeleton is
rendered continuous by interpolating between its borders and
fitting the model of a “truncated bullet” adjusted from statistical
data (15). After that geometric reconstruction (16) and to facilitate
the segmentation of the myocardium, a new method based on a
fuzzy logic approach has been developed (17). The origina image
was transformed into afunctional image in which the value of each
pixel contained its " degree of belonging” to the myocardium, areal
value comprised in the [0,1] interval.

The degree of belonging was obvious for 2 sets of pixels: (a)
those of the skeleton, because their degree of belonging to the
myocardium is always 1; and (b) those of the edge of the frame,
because their degree of belonging to the myocardium is always 0.
All of the other pixels represented the fuzzy set. Their degree of
belonging to the myocardium is comprised in the [0,1] interval. Its
calculation was based on afuzzy logic formulawith 25 parameters
(18) obtained by throwing from each pixel a series of beamsin 8
directions until either a skeleton or an edge point was encountered.
Each i beam extremity alowed definition of 3 parameters: (a)
value of the skeleton—that is, Euclidean distance to the outer limit
of the 50% thresholded myocardium, when the extremity was a
skeleton pixel, 0 otherwise: f(i); (b) activity level of the extremity
on the SPECT image: act(i); and (c) discrete length of the beam:
d(i). The last parameter was the activity on the SPECT image at the
origin of the beam, called pixel p: act(p). For each beam, the
following .i(p) parameter was cal culated:

act(p) — act(i)
T —fi)

in which « is a normalization coefficient such as the sum of all
i(p) = 1, and dia iSthe largest possible beam length. The degree
of belonging of each pixel to the myocardium was finally obtained
by adding the pi(p) of the beams having their extremity in contact
with the skeleton.

This algorithm was applied independently to sets of 2-dimen-
sional horizontal and vertical long-axis sections. The final frames
were a fusion of these 2 sets in which only the highest degree of
belonging of each pixel was retained. The advantage of the gen-
erated functional image over the origina activity image is that the
myocardial area is represented with a much higher contrast (Fig.
1). The LV becomes, therefore, much easier to segment. A 20%
threshold applied to this functional image converted it into abinary
image that represents the whole LV, including the hypoactive or
defect areas (Fig. 2). This process also stands for the delineation of
the basal limits of the myocardium. The reconstructed LV isfinally
partitioned into 18 sectors of identical volume (Fig. 3). The mean

p“i(p) = " Opay Eq. 1

1626

THE JouRNAL OF NUCLEAR MEDICINE ¢ Vol. 44 »

Inferior Anterior
wall wall
1,000
500 :
: >
1 32 64
FIGURE 1. Activity profile (dashed line) and profile of corre-

sponding degree of belonging (bold line) along vertical line in
midportion of vertical long-axis section. Profiles were obtained
from original SPECT image (left) and calculated image of degree
of belonging (right), respectively. Large inferior defect seen on
SPECT image disappears on functional image.

activity inside each sector is expressed in percentage relative to the
activity of the sector with the highest value.

In practice, the operator is offered the possibility of correcting
the automatic centering of the dlices in 3D and modifying the
proposed apical and basal limits of the LV mask. The recon-
structed and completed 3D frame of the skeleton is displayed
during the computation. The final screen (Fig. 4) shows the 4
central views of the short-axis, horizontal, and vertical long-axis
sections, accompanied by a binary display of the corresponding
reconstructed volumes (the reconstructed wall of the myocar-
dium—that is, the part of the wall that corresponds to a hypoactive
or defect area on the original image—is displayed in red; the
normal wall is displayed in white). The 18 sectors are also dis-
played in 2 sets: one indicating the mean relative activity of each
sector, and the other expressing that value in number of SDs by
comparison with the normal database. These results are also color
coded with a 3-level color scale (white for normal, yellow for
hypoactive, red for defect). Because the program can process 2 sets
of images (stress and rest), another part of the display shows the
sector-by-sector difference between both studies.

Database of Normal Values

The mean and SD of the normal activity inside each sector were
determined in a population of patients having a <5% likelihood of
coronary artery disease based on the Bayesian analysis of age, sex,
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FIGURE 2.

Example of different steps of processing (left to right): original SPECT vertical long-axis section in patient with inferior

infarction, binary thresholded image and its derived skeleton, completed skeleton, functional image of degree of belonging, and

binary image completed with thresholded functional image.

and symptoms and on the results of their stress electrocardiogram
(ECG). Three series of patients (Table 1) were studied supine at
maximal stress (heart rate at tracer injection > 85% of maximal
predicted heart rate) and at rest 4 h later: 58 patients (34 males, 24
females) with 201T], 88 patients (35 males, 53 females) with
9mTc-sestamibi, and 40 patients (24 maes, 16 females) with
9mTc-tetrofosmin (this last series was kindly provided by Pierre
Rigo, Liege, Belgium). The injected activity was 110 MBq at
stress and 60 MBq at rest for 2°1T| and 400 MBq at stress and 800
MBq at rest for the ®™Tc agents.

When a sector differed by >2 SD from its corresponding
normal database mean value, it was considered as hypoactive.
When it differed by >4 SD, it was considered as a defect.

Application to Patients with Coronary Artery Occlusion
Because one of the applications of the quantification program is
to determine the number of involved vessels in coronary artery
disease, we are proposing to match each sector with the left
anterior descending artery (LAD), left circumflex artery (LCx), or
right coronary artery (RCA). For that purpose, 31, 22, and 7
patients with a history of single-vessel myocardia infarctionin the
territory of the LAD, RCA, or LCx, respectively, at coronary
angiography underwent a rest myocardial SPECT (Table 1) and a
quantification analysis. The delay between angiography and
SPECT was always <8 d. For each vessel and each sector S, a
frequency abnormality (FA¢) was calculated as the proportion of
patients with an abnormal sector S among all patients with that
coronary artery occluded. This provided us with 3 FA for each
sector. The FA¢ with the highest value and that was >10% higher
than the second FA4 was considered as indicating the involved
coronary artery for that sector. If there was no “significant” dif-
ference between the 3 FAs—that is, no FAs was superior by >10%

Lateral

FIGURE 3. Organization of 18 sectors dividing LV wall in small
elements of similar volume.

to any of the 2 other FAc—the sector was not assigned to a
coronary artery and considered as “not attributed.”

Reproducibility of the program was measured in a maximum of
49 patients (Table 1). All acquisitions were performed at rest, with
201T| or 99MTc for 26 and 23 patients, respectively. The processing
was performed twice by a well-trained operator and once by a
less-trained operator. The interobserver reproducibility compared
the results of the less-trained operator with the first measurement
of the well-trained operator.

The accuracy of Myoflex in the detection of coronary artery
occlusion was assessed in 48 patients having a clinical history or
ECG evidence, or both, of at least 1 prior myocardia infarction.
These patients underwent rest %mTc-tetrofosmin myocardial
SPECT and coronary angiography (Table 1). There were 63 in-
farct-related coronary occlusions (28 LAD, 27 RCA, and 8 LCx)
and 81 either normal or not occluded coronary arteries (20 LAD,
21 RCA, and 40 LCx). The median time between scintigraphy and
angiography was 30 d (range, 8—60 d).

Statistical Analysis

Statistical analysis of the reproducibility was based on linear
regression and a Bland-Altman plot (19). ANOVA was used for
the statistical comparison of the sectorial activity between the 3
tracers, between the rest and stress studies, and between the
subgroups of male and female patients.

For overall detection of coronary artery occlusion, sensitivity
was defined as the proportion of territories with abnormal SPECT
among the territories with angiographic evidence of coronary
artery occlusion. Specificity was defined as the proportion of
patients with norma SPECT among the patients with normal
coronary angiography. Sensitivity for detection of disease in a
given coronary artery was defined as the proportion of patients
with a SPECT defect in the studied territory among the patients
with occlusion in the given coronary artery.

Specificity for detection of disease in a given coronary artery
was defined as the proportion of patients with normal SPECT in
the studied territory among the patients with a normal coronary
artery in the studied coronary bed.

RESULTS

Normal Database

Once the mean and SD of the distribution of the 3 tracers
have been obtained for each of the 18 sectors, we performed
several cross-comparisons between the different groups of
normal patients—that is, between the stress and rest studies
performed with the same tracer and in patients of the same
Sex.

With all tracers and in 95% of al patients, sector 9
showed the highest activity. For all sectors, there was no
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and corrected slices (middle).

significant difference between stress and rest studies per-
formed with the same tracer. That allowed us to pool
these data. However, in at least 4 sectors, the activity was
significantly different between male and female patients
in studies performed with the same tracer. For that rea-
son, Myoflex includes separate databases for male and
female patients.

When %mTc-sestamibi, %™ Tc-tetrofosmin, and 2°1T1 were
compared, there was no difference between %™ c-sestamibi

Final screen display of Myoflex program shows for each sector mean activity and SD (table in top, circles in bottom)

and %M Tc-tetrofosmin. Therefore, we decided to pool these
2 databases in 1 single database. For 21T, quantification
results per sector were statistically different from the pooled
9mTc database, which explains why Myoflex includes a
separate 21T| database (Table 2).

In summary, these results justify that the Myoflex soft-
ware contains 4 normal databases: male 2°1Tl, female 20171,
male ®"Tc, and female ¥"Tc. Each database contains the
mean and SD for the 18 sectors.

TABLE 1
Patient Characteristics of 4 Groups Included in Study
No. of
Study objectives patients Acquisition conditions Coronary artery disease

Normal database 186 Stress, rest: 207T], 99mT¢ Low probability

Sector assignment 60 Rest: 9mTc, 201T]| Single-vessel occlusion with myocardial infarct
Reproducibility 49 Stress, rest: 9mTc, 201T] High probability

Software performance 48 Rest: 9mT¢ From single- to triple-vessel disease with myocardial

infarct

1628

THE JouRNAL OF NUCLEAR MEDICINE ¢ Vol. 44 »

No. 10 « October 2003



TABLE 2
Comparison of Quantification Results Obtained with 21Tl and ®°™Tc Agents

Database
Comparison 201T] 99mTc-Sestamibi 99mTc-Tetrofosmin
Stress vs. rest NS NS NS
Male vs. female* P < 0.05 P < 0.05 P < 0.05
Male: 201T| database’ — P < 0.05 P < 0.05
Female: 20'T| database® — P < 0.05 P < 0.05
Male: 9¥MTc-sestamibi database’ P <0.05 — NS
Female: 9°mTc-sestamibi databaset P < 0.05 — NS
Male: ¥mMTc-tetrofosmin databaset® P <0.05 NS —
Female: 9°mTc-tetrofosmin databaset P <0.05 NS —

*Stress and rest acquisition are pooled.

fCompared with SPECT performed with other tracers in group of same-sex patients.

NS = nonsignificant.

Application to Patients with Coronary Artery Disease

In the attempt to assign each of the 18 sectors to a specific
coronary artery, the FA; defined for each of the 3 arteries
have been calculated. The analysis of these valuesyielded a
predominant LAD in 8 sectors and LCx and RCA in 4
sectors each (Fig. 5). Two sectors could not be related to
any predominant coronary artery bed.

The interoperator reproducibility of the sectorial activity
was measured in 45 patients (882 sectors). Among those,
intraoperator reproducibility was measured in 23 patients.
The coefficient of correlation between 2 measurements per-
formed by the same operator was 0.97. The Bland-Altman
test (Fig. 6) showed a good reproducibility with a SD of
difference and a mean difference of 4.3% and 0.5%, respec-
tively. The interoperator (Fig. 7) SD of the difference and
the mean difference were 3.8% and 0.15%, respectively,
and the coefficient of correlation was 0.97.

In the 48 patients with prior myocardia infarction, the
sensitivity and specificity of Myoflex for overall detection
of coronary artery occlusion were 90% and 80%, respec-
tively. The sensitivity for detection of diseasein LAD, LCX,
and RCA was 92%, 75%, and 92%, respectively. The spec-
ificity of vessel localization was 75%, 78%, and 90% for the
LAD, LCx, and RCA, respectively (Fig. 8).

DISCUSSION

Myoflex isaimed at the automatic sectorial quantification
of amyocardial SPECT image, assuming that thisimage has

FIGURE 5. Correspondence between sectors and coronary
artery. NA = not attributed.
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artery disease (top, linear regression analysis; bottom, Bland-
Altman plot).

QuanTITATIVE SPECT « Cachineta. 1629



120 -

y=0.9765x + 1.6414
r=097

100 -

80 -

60 -

40 |

Mean activity observer 2 (%)

20 -

0 T ‘ T r r )
0 20 40 60 80 100 120

Mean activity observer 1 (%)

SD of the diffences = 3.8

'
-
o

L
Q
>

¢ 8

Mean activity (observer 1 - observer 2) (%)

30 50 70 0
Mean activity

(observer 1 + observer 2) / 2 (%)

FIGURE 7. Interobserver reproducibility of mean activity de-
termined from 882 sectors of 49 patients with known coronary
artery disease (top, linear regression analysis; bottom, Bland-
Altman plot).

been reoriented, zoomed, and isolated from extracardiac
areas of high activity. The combination of mathematic mor-
phology and fuzzy logic with classical fitting methods pro-
vides an overall analysis of the LV because the hypoactive
and the normal areas are involved in the final presentation.
This new approach should not be aggregated with neural
nets or expert systems, which rest on fundamentally differ-
ent methods. Even if the term “fuzzy logic” is used, it only
refers to the fact that an image can be partitioned in a
different way than through a direct binary approach—
namely, the value of each pixel is modulated according to
the value of the surrounding structures. But no learning
process is integrated in the program. When applied to a
study with the same parameters, the same results are always
produced.

1630

The high reproducibility of Myoflex is an encouraging
step toward the automatic analysis of paired stress—rest
studies. The robustness of the algorithm is possibly related
to the combined application of mathematic morphology and
fuzzy logic to scintigraphic imaging. The concept of skel-
eton was originally developed to describe the global prop-
erties of complex objects in a compact, highly structured
way. To our knowledge, this is the first application of
skeletonization to scintigraphic images (20).

In myocardial scintigraphy, segmentation is usualy per-
formed using threshold or edge detection techniques that
allow extraction of normally perfused regions (21-23), but
it cannot detect hypoperfused myocardial areaswith atrans-
mural defect. In his quantitative perfusion SPECT (QPS)
software (3), Germano et al. define a quantification profile
as pathologic if its peak count profile falls below 50% of the
maximal myocardial count. In Myoflex, the fuzzy logic
approach was chosen to overcome the limitation of using
only asingle parameter. Indeed, fuzzy logicisamultivariate
logic that authorizes intermediate values to be defined,
usualy ranging continuously between 0 and 1 instead of
using only 0 or 1. It was introduced by Zadeh (24) in 1965
as an attempt to apply a more human-like way of thinking in
the programming of computers and to use parameters with
intermediate levels instead of the binary levels such as
yes/no, true/false, black/white, and so forth. Its principles
started to be applied only recently to image processing, in
particular, for segmentation. The fuzzy logic process can
only be applied to a connected skeleton. In effect, the degree
of belonging to the myocardium is computed by measuring
discrete distances along beams that can intercept with the
skeleton. A defect in the skeleton is responsible for an
overestimated distance along the beams that could run
across. Filling the disconnection, the so-called skeleton
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FIGURE 8. Sensitivity and specificity of myocardium rest

SPECT quantification images for identification of disease in
individual coronary arteries.

THE JourRNAL OF NUcLEAR MEDICINE ¢ Vol. 44 « No. 10 ¢« October 2003



patching process, was achieved through modeling. The trun-
cated bullet is a ssimple geometric model that generaly fits
well with the shape of the LV. The oblique surface of the
basal part has been defined from the statistical analysis of
the base of the myocardium in SPECT studies performed in
patients with a low likelihood of coronary artery disease.
Nevertheless, it sometimes happens that the limits chosen
by the program do not fit with the particular shape of agiven
myocardium. It is also possible that a basal infarction seems
to disorganize the structure of the LV base. For these
reasons, the operator is offered the possibility of correcting
manually the proposed basal limits of the LV myocardium.
This maneuver irremediably alters the reproducibility of the
technique, but at the advantage of more reliable results.

Even with the above limitations, reproducibility in the
quantification of the 18 sectors appears excellent. The SEM
and of the difference mean in Bland-Altman analysis is
always <5% and the correlation coefficient is in the range
of 0.97. The reproducibility study of QPS published by
Germano et a. (3) has been performed with a semiquanti-
tative scale of abnormality perfusion (0—4). Their results
are excelent—in particular, the reproducibility (r =
0.99)—but the conversion of continuous to discrete values
tends to maximize the agreement. On the other hand, the
completely automated PERFIT software developed and de-
scribed by Slomka et a. (6) results in the absence of any
intracbserver variability (25), a result that can also be at-
tained with Myoflex if the operator never corrects for the
centering or the positioning of the basal limits. Finaly, the
method described by Benoit et a. (7), which is based on the
quantification of activity profiles performed on radial slices,
yields a reproducibility close of our method with a 2.4%
SD. Because al of these methods were not available in our
laboratory at the time of this study, we could not perform
any comparison with Myoflex.

One of the goals of this study was to assess the capability
of Myoflex in the identification of the individual vessels
responsible for the ischemic disease. Like most of the other
authors, we have calculated the frequency of an abnormal
tracer distribution for each sector and for each coronary
artery. In CEqual and in a former version of the Cedars
Sinai software (1,26), a sector is matched to a specific
coronary artery if this sector is abnormal in >80% of the
patients with single-vessel disease in that artery. In the new
version of the Cedars Sinai software, the method of calcu-
lation is announced to be different but this is not explained
by its authors. Like these other methods, our agorithm
results in a significant overlap at the boundaries of the 3
main coronary territories. Among the 18 sectors, only 2
sectors were not attributed to a specific coronary artery.
These are the seventh and fifteenth sectors, which are uni-
formly associated with LAD, LCx, and RCA. To minimize
this phenomenon, we have compared statistically the patho-
logic frequency per sector computed for each coronary. But,
because of the small number of patients with a LCx artery
occlusion, this method is not yet fully relevant.

A critical issue in the automatic analysis of myocardial
SPECT images is the choice of a cutoff level between the
norma and abnorma myocardium. Most authors use a
receiver-operating-characteristic curve approach to estab-
lish the best cutoff value of defect size and the extent
between stress and rest SPECT. This cutoff is expressed in
percentage of the number of pathologic pixels among all
pixels included in the coronary-related sector. This ap-
proach is not relevant in our method. The fuzzy logic
algorithm is based on several parameters to decide if a pixel
belongs to the myocardium and intrinsically assumed seg-
mentation in 18 adjacent isovolumetric objects. Therefore,
the minimal significant abnormality defect must involve at
least 1 sector—namely, 5.5% of the myocardia volume.

None of the reported validation studies in quantitative
myocardial SPECT has been based on a population with a
prior myocardial infarction for testing its accuracy in detec-
tion and localization of a coronary artery occlusion. Indeed,
the usual strategy is to vaidate the quantitative software in
comparing stress and rest acquisitions to detect a stenosis of
>50%—70%. For instance, methods using spheric or sphero-
cylindric sampling techniques generating maximal-count
circumferential profiles have been reported to yield a high
sensitivity for detection of coronary artery disease but also
alow specificity, in the range of 50% (2,27). The QPS and
PERFIT programs seem to result in a higher specificity in
the range of 80%—90%. Our opinion is that using only
stress—rest studies is not an optimal strategy to validate
myocardial perfusion analysis software. Indeed, the first
step should be to match as precisely as possible the territory
of the diseased coronary artery with the myocardial sectors
on SPECT. Utilizing a stress—rest protocol can only unveil
a hemodynamically significant stenosis, but it is known that
the degree of stenosis is difficult to appreciate on coronary
angiography and that the functional consequence of a ste-
nosis on the downstream tissue perfusion is highly variable,
as demonstrated by intracoronary Doppler measurements
(28,29). Therefore, the diseased coronary artery is not al-
ways responsible for a clear-cut defect on SPECT. These
drawbacks disappear when patients with a prior myocardial
infarction are studied at rest because the vessel is either
occluded or patent. After this preliminary topographic val-
idation step, the standard diagnosis performance evaluation
will be performed.

Our quantification agorithm shows a high sensitivity
(90%), which should provide its users with an easy detec-
tion and localization of coronary artery occlusion. Its spec-
ificity for RCA is in the same range. However, the speci-
ficity islower (75%—78%) for LAD and LCx, which can be
explained by the large defect size of the LAD infarcts, by
the frequent overlapping between the territory of these 2
arteries as seen in sector 16, and by a hypothetic <85%
stenosis with a hemodynamic consequence at rest. Besides
these limitations, cumulating its sensitivity and specificity,
Myoflex appears to be highly accurate in the detection and
localization of coronary artery occlusion.
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However, the utilization of Myoflex software is limited
by afew factors. A learning phase in its use is mandatory,
especialy in the positioning of the LV center. Another
critical step is aso to correctly define the myocardial mask
in the case of an apical defect. Indeed, a small mask could
exclude the apex from the reconstruction process. In several
places, data acquisition is performed with the patientsin the
prone position. It is very likely that the mean sectoria
values obtained in individuals with a normal heart will be
somehow different between prone and supine acquisition
conditions. There might therefore be a need for the devel-
opment of a set of normal database values in the prone
position.

The next step in the validation of Myoflex will be to test
its capability in detection of stress-induced ischemia with
comparison between stress and rest data. We have aready
started to extend the skeleton concept to gated SPECT
acquisitions for the measurement of ejection fraction, wall
thickening, and wall motion quantification. This skeleton
and fuzzy logic algorithm seems to remain fairly robust in
these conditions (30), but further clinical validations are
needed.

CONCLUSION

Myoflex is a new myocardial quantitative SPECT soft-
ware that is based on an original fuzzy logic approach. A
normal database has been established for 2°'T| and %™Tc
tracers. The correspondence between the 18 sectors of anal-
ysis and the 3 main coronary arteries has been defined. The
reproducibility of the resultsis excellent. The multiparamet-
ric approach of this program should be particularly useful to
quantify the extent and severity of the large myocardial
defects but should aso help to characterize faint abnormal-
ities.
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