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We measured left ventricutar (LV) systolic thickening ex- 
pressed as a systolic thickening ratio in 28 patients, using 
2°'TI ECG-gated SPECT. Five normals, 15 patients with prior 
myocardial infarction, 5 with hypertrophic cardiomyopathy, 
and 3 with dilated cardiomyopathy were studied. The systolic 
thickening ratio was calculated as [(end-systolic--end-dia- 
stolic pixel counts) - end-diastolic pixel counts], using the 
circumferential profile technique of both end-diastolic and end- 
systolic short axial images. Functional images of the systolic 
thickening ratio were also displayed with the "bull's-eye" 
method. The mean systolic thickening ratio thus calculated 
were as follows: normals, 0.53 _+ 0.05 (mean __+ 1 s.d.); non- 
transmural prior myocardial infarction, 0.33 _+ 0.09; transmural 
prior myocardial infarction, 0.14 __ 0.05; hypertrophic cardio- 
myopathy in relatively nonhypertrophied areas, 0.56 + 0.11; 
hypertrophic cardiomyopathy in hypertrophied areas, 0.23 _+ 
0.07; and dilated cardiomyopathy, 0.19 _+ 0.02. The systolic 
thickening ratio analysis by gated thallium SPECT offers a 
unique approach for assessing LV function. 
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B e c a u s e  of its relatively long data acquisition time. 
: "TI  ECG-gated single-photon emission computed tomog- 
raphy (SPECT) has not been widely used. However, this 
method has provided morphologic details not obtainable 
with non-gated SPECT and has also enabled evaluation of 
wall motion of the left ventricle (LV) (1). In addition, 
comparing end-systolic (ES) counts and images with end- 
diastolic (ED) counts and images, local systolic thickening 
of the LV wall could be observed as an increase in pixel 
counts. If one observes systolic thickening in a particular 
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area, function and viability may be assumed even though 
there may be markedly decreased perfusion or absent wall 
motion in that area. Non-functioning but viable myocar- 
dium may be appreciated as an area of decreased perfusion 
with minimal systolic thickening. Analysis of systolic 
thickening of the LV wall offers a different approach in 
the evaluation of LV function than that obtained from 
wall motion by blood-pool study. 

The goal of this study was to define a quantitative 
method to assess LV systolic thickening using gated thal- 
lium SPECT. 

MATERIALS AND METHODS 

Patients 
The study group consisted of 28 subjects, including 5 normals: 

15 patients with old myocardial infarction whose events occurred 
at least 1.5 mo before testing: 5 patients with hypertrophic 
cardiomyopathy having nonuniform wall thickness: and 3 pa- 
tients with dilated cardiomyopathy. There were 21 males and 7 
females, ages 25 to 80 yr (mean, 57). 

Normal subjects were recruited from patients undergoing eval- 
uation for other heart disease. Ages of the normal subjects ranged 
from 25 to 77 yr and significant coronary artery disease was ruled 
out by a negative clinical history and a negative exercise ECG 
study. Myocardial infarction was diagnosed in all patients by 
significantly elevated myocardial enzymes (CPK and LDH), ECG 
changes in the acute phase, and positive 99mTc-pyrophosphate 
scan (2) with SPECT (3). Diagnoses of hypertrophic cardiomy- 
opathy and dilated cardiomyopathy were made by ECG, ultra- 
sound, contrast left ventriculography, planar gated blood-pool 
study (4-6), and ECG-gated blood-pool SPECT (7,8). 

Patients with prior infarction were placed into two groups 
based on gated thallium SPECT imaging. Eight patients whose 
infarcted regions had more than 50% of maximum counts in ED 
images (see below) were placed in the non-transmural prior 
myocardial infarction group and seven patients whose infarcted 
regions had less than 50% of maximum counts in ED images (see 
below) were placed in the transmural prior myocardial infarction 
group. 
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Scintigraphic Technique 
Patients were injected with 111-185 MBq (3-5 mCi) of 2°'TI- 

chloride at rest and imaged with a rotating gamma camera 
(Hitachi Gamma View-T, Tokyo, Japan) using a low-energy high- 
resolution collimator and interfaced to a Hitachi HARP System 
computer (FWHM by SPECT: 15-17 mm with 9~mTc and 17-20 
mm with 2°JTI in air, when r = 30 to  35 cm). Beginning l0 rain 
after injection, projection data were acquired over 180 ° from the 
45 ° right anterior oblique (RAO) to the 45 ° left posterior oblique 
(LPO) in 24 steps, each of which encompassed 80-100 beats with 
the R-R interval divided into 18-22 fractions. The mean radius 
of rotation was approximately 35 cm and data acquisition re- 
quired 30 to 40 min. The first three fractions and the three 
systolic fractions were added for the reconstruction of ED and 
ES images, respectively. The ES fractions were defined by com- 
paring the volume curve from the gated blood-pool study. After 
nine-point spatial smoothing, both ED and ES projection data 
were reconstructed by filtered backprojection using a Chesler 
filter to produce contiguous transverse slices, on a 64 × 64 matrix 
with a 6-mm slice thickness ( 1 pixel thick). Attenuation correction 
was not performed. Short- and long-axial images perpendicular 
to the cardiac axes were subsequently derived from these data. 

Data Analysis 
The systolic thickening ratio was calculated as [(ES--ED pixel 

counts) + ED pixel counts] with the five-point circumferential 
profile summing technique in which the highest and the next 
four adjacent higher pixel counts on either side were added. This 
divides every. ED and ES short-axial slice into 60 radial segments 
at 6 ° intervals from apex to base. Functional images were dis- 
played using the "bull's-eye" method (9,10) (Fig. 1). 

For the assessment of mean systolic thickening ratio, a 60 ° and 
three-slice region of interest (ROI) was drawn in each patient. 
This RO1 size was chosen to limit statistical error and yet was 
not so large as to include normal myocardium surrounding the 
pathologic region, Normal and pathologic regions were defined 
visually using ED images of the gated thallium SPECT. In normal 
subjects, ROIs were drawn over the anteroseptal wall in two cases, 
avoiding the high anteroseptal region: over the lateral wall in one 
case, and over the inferior wall in two cases. In patients with 
prior myocardial infarction, ROIs were drawn over the area of 
decreased perfusion, which corresponded with the infarcted area 
on 99r"Tc-pyrophosphate SPECT, and over a normal area as a 
control. Since the infarcts were in various locations, pathologic 

FIGURE 1. Systolic thickening ratio determination and its 
bull's-eye display are summarized, 

and control ROls were drawn in various regions. In patients with 
hypertrophic cardiomyopathy, ROls were drawn over the areas 
of high and relatively normal perfusion, which corresponded 
grossly with hypertrophied and relatively non-hypertrophied walls 
respectively as shown by ultrasound. In patients with dilated 
cardiomyopathy, ROIs were drawn over the anterior wail. 

Statistical Analysis 
Statistical significance of differences between the mean systolic 

thickening ratio values of two groups was analyzed by the Stu- 
dent's t-test using p < 0.05 as a criterion for significance, 

Phantom Study 
For in vitro comparison, cylinders of varying heights (4, 8, t2, 

16, 20, and 24 ram) with a constant diameter of 55 mm were 
filled with 0.37 MBq/mt (10 uCi/mt) of'~mTc. They were placed 
in air and upright on the imaging table so that the center of the 
base of the cylinder was the same as the center of rotation of the 
detector system used in the patients. Projection data were col- 
lected over 180 ° in 24 steps for 3, 6, and 9 sec each. The radius 
of rotation was 30 cm. After nine-point smoothing, the data were 
reconstructed so that the long axes of the phantoms were perpen- 
dicular to the line through the center of rotation. A 64 × 64 
matrix was used and the slice thickness was 6 mm ( 1 pixel thick) 
to simulate patient data parameters. Pixel counts obtained under 
these conditions covered the clinical range (maximum pixel 
counts in ED short-axial slices ranged from 80 to 2t0. while in 
the ES slices they ranged from 80 to 280). Background setting 
and attenuation correction were not performed. 

With profile curves at the middle of the transverse slices, the 
relationship between the pixel counts and the phantom thickness 
was investigated by the five-point summing profile method. 

RESULTS 

The phan tom study revealed that pixel counts correlated 
well with the thickness at all three of  the acquisition t imes 
using the five-point profile summing  analysis (r = 0.995 
to 0.999) (Fig. 2). 

Figure 3 shows the mean  systolic thickening ratio in the 
various ROIs for the patient  studies. In normal  subjects, 
the mean systolic thickening ratio was 0.53 _+ 0.05 (mean 
+_ 1 s.d.). In patients with non- t ransmural  prior myocardial  
infarction, the mean systolic thickening ratio in the in- 
farcted regions was 0.33 +_ 0.09, while the mean  systolic 
thickening ratio in the noninfarcted regions was 0.47 _+ 
0.06 (p < 0.001). In patients with t ransmural  prior myo- 
cardial infarction, the mean systolic thickening ratio in the 
infarcted region was 0.14 _+ 0.05, while the mean  systolic 
thickening ratio in the noninfarcted regions was 0.47 _+ 
0. l0 (p < 0.001). The mean  systolic thickening ratio in 
infarcted regions of patients with non- t ransmural  prior 
myocardial  infarction was greater than that  of patients 
with t ransmural  old myocardial  infarction (p < 0.001). In 
patients with hypertrophic card iomyopathy  with nonuni -  
form wall thickness, the mean  systolic thickening ratio in 
relatively non-hyper t rophied areas was greater (0.56 _+ 
0.1 l) than  that  in hyper t rophied areas (0.23 _ 0.07) (p < 
0.00 l). In patients with dilated cardiomyopathy,  the mean  
systolic thickening ratio was 0.19 +_ 0.02. 
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FIGURE 2. Pixel counts are plotted as a function of the thick- 
ness of phantoms at the acquisition times of 3 sec/step (©), 6 
sec/step (A), and 9 sec/step (IJ). There is good linear correlation 
at all of the three acquisition times. 

Figures 4 5, and 6 depict data from a normal subject, a 
patient with inferior transmural prior myocardial infarc- 
tion, and a patient with hypertrophic cardiomyopathy, 
respectively. 

DISCUSSION 

Left ventricular function has been analyzed with first- 
pass radionuclide angiography (1 1) and with gated 99mTc- 
labeled blood-pool studies using both planar (4-6) and 
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FIGURE 3. The mean systolic thickening ratio in ROIs (path- 
ologic and control regions) are shown with a mean value and one 
standard deviation. OMI-1, noninfarcted area of non-transmural 
old myocardial infarction; OMI-2, infarcted area of non-transmural 
old myocardial infarction; OMI-3, noninfarcted area of transmural 
old myocardial infarction; OMI-4, infarcted area of transmural old 
myocardial infarction; HCM-1, non-hypertrophied area of hyper- 
trophic cardiomyopathy; HCM-2, hypertrophied area of hyper- 
trophic cardiomyopathy; DCM, dilated cardiomyopathy, anterior 
wall. ns: not significant. *: p < 0.001 

FIGURE 4. A normal subject. The ED (upper), ES (middle), 
and bull's-eye (upper and middle right) images show the normal 
perfusion and contraction. Systolic thickening ratio ranges from 
0.4 to 0.7 except high antero-septal wall (see below) (lower left). 
Systolic thickening ratio bull's-eye display (lower right) demon- 
strates normal systolic thickening of the entire left ventricle. 
Middle to apical slices and inferior wall showed relatively high 
systolic thickening ratio. Low systolic thickening ratio in high 
anterior and high septal wall may have been affected by the 
potential problem discussed in the text. 

SPECT (7,8) techniques. These methods have been widely 
used as routine tests to analyze the LV cavity. Thallium- 
201 ECG-gated myocardial SPECT has not been used for 
routine examination because of its long data acquisition 
time. However, it does offer three major inducements in 
analyzing the myocardium. It provides: (1) clear morpho- 
logic information (ED and ES perfusion images); (2) in- 
formation about the LV wall itself including systolic thick- 
ening: and (3) information about LV wall motion (1). 

The most important point demonstrated by our phan- 
tom study is that pixel counts relate closely to tissue 

FIGURE 5, This patient had an old inferior transmural myocar- 
dial infarction. The ED, ES, and bull's-eye images show a defect 
in the inferior wall. Systolic thickening ratio in the infarcted area 
ranges from 0.0 to 0.2 suggesting no function and scar. 
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FIGURE 6.. This patient had hypertrophic cardiomyopathy. 
The ED, ES images, and bull's-eye display show septal to high 
anterior hypertrophy. Systolic thickening ratio in the hypertro- 
phied region ranges from 0.0 to 0.3. Systolic thickening ratio 
bull's-eye display depicts lower systolic thickening area in the 
nonuniform hypertrophied region, suggesting relatively poor func- 
tion. 

thickness. The phantom study, with object thickness of 4, 
8, 12, 16, 20, and 24 ram, revealed that if radionuclide 
concentration and acquisition times were tested under the 
same conditions, the pixel counts could be substituted for 
the relative ED and ES wall thickness values. Therefore, 
when we define the systolic thickening ratio as [(ES thick- 
ness--ED thickness) + ED thickness], we can estimate the 
systolic thickening ratio as [(ES pixel counts--ED pixel 
counts) + ED pixel counts]. 

Inaccuracy of the systolic thickening ratio measurement 
may have been caused by the following potential problems. 
The slope between 4 and 12 mm was a little greater than 
that between 12 and 24 mm. This may explain why the 
systolic thickening ratio in the thinner wall (lower perfu- 
sion area) seemed to be slightly higher than that in the 
thicker wall (higher or normal perfusion area). Very low 
pixel counts, especially in the area of transmural prior 
myocardial infarction, may have caused the relatively large 
error in calculating the systolic thickening ratio. In the 
inferior wall, the ES counts might be measured slightly 
higher than the ED counts, perhaps because of the lower 
attenuation of the contracted LV volume. However, there 
was also attenuation of the thickened anterior wall, which 
would reduce this problem. A point defined in the ED 
image may differ from that defined in the ES image, i.e., 
it may go to the next slice during contraction. In the 
middle of the left ventricle, the mismatch seemed mini- 
mum. However, in the apex and base, it may be significant. 

In this study, we could not compare the systolic thick- 
ening ratio by gated thallium SPECT with other modali- 
ties, i.e., ultrasound, left ventriculography, gated blood- 
pool SPECT, PET, or MRI. Of these, left ventriculography 
and gated blood-pool SPECT are not suitable for compar- 
ison, since there may be a discordance between wall mo- 

tion and systolic thickening. Ultrasound also does not 
seem suitable for comparison, since it is difficult to define 
the whole LV short-axial images accurately and objec- 
tively. ECG-gated MRI may be a better modatity for 
comparison if image quality is high enough. Yamashita et 
al. (12) have analyzed systolic thickening using ECG-gated 
PET in 9 normal subjects and 16 patients with coronary 
artery disease. In their study, systolic thickening was meas- 
ured in three transverse slices of the left ventricle. They 
reported that mean values of normal subjects in eight 
regions of the middle slice ranged from 39.8% to 66.1% 
(mean, 53.2%), which was very close to our results 
(0.53%). ECG-gated PET may quantify systolic thickening 
ratio more accurately than ECG-gated SPECT, however, 
SPECT can examine the entire LV wall easily, utilizing 
short-axial images, which provided us with bull's-eye func- 
tional images of the systolic thickening ratio. A drawback 
of the bull's-eye method is in the evaluation of the apex. 
Visual and systolic thickening ratio analyses using the 
long-axial images are recommended in this instance. 

With our method, we could confirm various degrees of 
systolic thickening in infarcted areas. Evaluation of resid- 
ual LV function and viability in the infarcted area is 
important when making a decision as to whether percu- 
taneous tran sluminal coronary angioplasty ( 13,14) or cor- 
onary artery bypass grafting (15-17). For the evaluation 
of ischemia, stress-redistribution -'~TI myocardial scinti- 
graphy (18-22) has been recommended: however, it is not 
sufficient for the evaluation of tissue viability. Several 
authors have reported that some persistent defects on 
2-5-hr delayed scans are viable and reversible (23-28). 
Therefore, the "rest" 2°~T1 study seems to be better for the 
evaluation of viability. In our study, the rest gated thallium 
SPECT was of greater value than the non-gated since it 
provided both clearer perfusion and LV function images. 

In patients with hypertrophic cardiomyopathy and di- 
lated cardiomyopathy, the evaluation of morphologic de- 
mils, local LV wall motion, and systolic thickening ratio 
with gated thallium SPECT, may be useful both for patient 
management and for research purposes. 

Although gated thallium SPECT has not been widely 
used for routine examination because of its relatively long 
data acquisition time (30-40 min), it should be considered 
in light of the many advantages discussed above. To assess 
the predictive power of systolic thickening ratio analysis 
for evaluating viability (potential to recover function), 
further study including comparison with other modalities 
(MRI or PET) and follow up after intervention is required. 
Although this study was performed with 2°~T1, the method 
will be applicable with the newer 99mWc agents (29-32), 
which will significantly shorten data acquisition time and 
make the systolic thickening ratio analysis more practical. 
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