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Abstract. With the advent of technetium 99m-labeled 
myocardial blood flow agents, there is a need for a simple 
technique for quantitation of infarcted or jeopardized 
myocardium (IM). This study provides an in vitro valida- 
tion of a simple technique based upon the analysis of 
three short-axis slices through the heart following emis- 
sion computed tomography. All acquisitions were per- 
formed using a static cardiac phantom containing per- 
technetate Tc 99m. Activity in the phantom was adjusted 
so that the count density and myocardial-to-background 
ratio were comparable to those observed in patients. 
Plastic insets (range of sizes=4% 72% of myocardium) 
were used to simulate transmural infarctions. Eighteen 
studies were acquired, each over 180 ° into a 64 x 64 ma- 
trix. Data were reconstructed using a Ramp Hanning 
filter with cut off at 0.7 times the Nyquist frequency. 
Short-axis slices of the myocardium were then generated, 
and representative apical (A), mid-ventricular (MV), and 
basal (B) slices were selected. For each slice, a circumfer- 
ential profile was generated, and the average radius (R) 
was measured. The fraction (F) of the profile falling be- 
low a threshold value was considered to represent IM: 
Total IM was given by % IM = 100 x (R B FB + RMv FMV 
+ 0.67 RA FA)/(RB + RMV + 0.67 RA), where the subscripts 
to R and F refer to the relevant short-axis slices. For 
a threshold set at 60% of peak, measured IM agreed 
closely with true IM (R2=0.98, measured IM=I.01 
x true IM-1.35). Measurement of % IM was not dis- 
torted by variations in slice radius or in slice selection. 
Maximum error in % IM occurred with a change in 
location of the infarct (approximately 4% for opposing 
walls). This technique permits rapid and accurate assess- 
ment of % IM with 99mTc-labeled myocardial blood 
flow agents. 
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I n t r o d u c t i o n  

Over the past 10 years, many investigators have shown 
that single photon emission computed tomography 
(SPET) with thallous T1 201 chloride can permit accurate 
measurement of total myocardial mass (Holman et al. 
1983; Narahara et al. 1987) and myocardial infarct size 
(Prigent et al. 1986; Johnson et al. 1987; Weiss et al. 
1983; Tamaki et al. 1982; Keyes et al. 1981). The use 
of thrombolytic agents and percutaneous transluminal 
angioplasty (PTCA) for acute therapy of myocardial in- 
farction has provided a strong impetus for the develop- 
ment of quantitative methods to assess infarct size. In- 
farct size with SPET using 2°1T1 has been used as an 
endpoint in several clinical trials of thrombolytic therapy 
(Ritchie et al. 1984; DeCoster et al. 1985). However, such 
measurements are generally only feasible after interven- 
tion; assessment of the myocardium at risk before inter- 
vention is generally precluded by the time required to 
perform SPET imaging, the rapid redistribution of thal- 
lium 201, and the problem of reactive hyperemia follow- 
ing coronary reperfusion (Granato et al. 1986; Okada 
and Pohost 1984). Many of the commonly available indi- 
ces, such as the patient's ECG, cardiac output, left ven- 
tricular end-diastolic pressure, and coronary anatomy 
cannot be used to predict accurately the size of the myo- 
cardium at risk (Feiring et al. 1987). Furthermore, while 
there is a good inverse linear relationship between the 
final left ventricular ejection fraction (LVEF) and the 
size of the myocardium at risk in the absence of reperfu- 
sion (Feiring et al. 1987; Schneider et al. 1985), this does 
not apply to the acute LVEF (Feiring et al. 1987). 

With the recent introduction of sestamibi Tc99m 
(methoxyisobutyl isonitrile Tc 99m), it is now feasible 
to assess the myocardium at risk prior to acute interven- 
tion. Like thallium 201, sestamibi Tc99m is rapidly 
cleared from the blood and accumulates in normal myo- 
cardium in direct proportion to blood flow (Okada et al. 
1988). Unlike thallium 201, sestamibi has a very slow 
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washout  from the m y o c a r d i u m  with min ima l  redistr ibu-  
t ion (Okada  et al. 1988). As a result, delayed images ob- 
ta ined several hours  post - in ject ion provide in fo rmat ion  
on  the status of the m y o c a r d i u m  before in te rven t ion  
(Wackers et al. 1989). A pos t - in te rvent ion  scan can then 
be used to assess the efficacy of in tervent ion.  Clearly, 
for such applicat ions,  the quan t i t a t i on  of the percentage 

of the m y o c a r d i u m  at risk is vital. Pre l iminary  studies 
in dogs have shown that  sestamibi  Tc 99m can be used 
with SPET imaging to quan t i t a te  regional  myocard ia l  
perfusion (Li et al. 1988). The purpose  of this s tudy is 
to describe and  val idate in a p h a n t o m  model  a simple, 
practical  technique for quan t i t a t ing  the percentage of 

hypoperfused m y o c a r d i u m  following the admin i s t r a t ion  
of 99 mTc_labele d radiopharmaceut ica ls .  

Materials and methods 

Cardiac phantom. All studies were performed using the commercial- 
ly available phantom shown in Fig. 1 (Model RH-2, Capintec, New 
Jersey). This consists of a body 30 cm wide and 20 cm thick contain- 
ing a Teflon rod to simulate the thoracic vertebrae and two com- 
partments containing wood powder to simulate the lungs. The 
"heart" consists of a right and left ventricle with separate compart- 
ments for the blood pool and myocardium. Plastic pieces were 
inserted into the myocardial compartment to simulate infarcted 
or jeopardized myocardium (IM). The volume of each plastic piece 
was determined by measuring the volume of water it displaced. 
Myocardial volume was 182 ml, and the volume of the IM varied 
from 7 to 130 ml, representing 3.8%-71.4% of myocardial mass. 
A total of 18 studies were performed with this phantom using 
pertechnetate Tc 99m. An additional 3 studies were performed us- 
ing thallous T1 201 chloride for comparison with their equivalent 
99mTc study. Figure 2 indicates the size of the myocardial defect 
present in each study and its anatomical location. Studies 17 and 
18 contained '°subendocardial infarctions"; in all other studies, the 
defects simulated transmural infarctions. Some infarct locations 
used in this project are unlikely to occur in clinical practice but 
were included so that the effects of diametrically opposed lesions 
on estimation of % IM could be studied. 

Cardiac activity. In order to determine the appropriate activity 
to be placed in the myocardium and surrounding background, ten 
studies of patients with acute myocardial infarction were examined. 
For each study, the patient had received 20-30 mCi of sestamibi 
Tc 99m at rest before thrombolytic therapy. Tomographic acquisi- 
tion was performe d 1 6 h later using a standard large field-of-view 
gamma camera (Elscint 409, Israel) equipped with a low-energy, 
all-purpose collimator. Using a 64 x 64 matrix, 30 images were ac- 
quired for 40 s per image every 6 ° over 180 °, beginning at 45 ° 
RAO and ending at 45 ° LPO. For analysis of myocardial-to-back- 
ground activity, the 45 ° LAO image was selected and regions of 
interest (ROI) drawn around the myocardium and background ad- 
jacent and lateral to the myocardium. Care was taken to exclude 
any small-bowel activity in the field of view. Background ROI was 
adjusted to the same size as the myocardial ROI and the myocar- 
dial-to-background ratio obtained. This was 1.64+0.17 (mean- 
_+standard deviation) in ten studies. The background-corrected 
myocardial activity was 17781 _+ 7463 counts per 40 s in a 45 ° LAO 
view. Since some degree of myocardial infarction was present in 

Fig. 1. The various components of the cardiac phantom. The simu- 
lated lungs and thoracic vertebrae can be seen in the phantom. 
The heart contains a right and left ventricle. A variety of insets 
(simulating jeopardized or infarcted myocardium) can be placed 
in the left ventricular myocardium 
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Fig. 2. Diagrammatic representation of the left ventricular myocar- 
dium, showing the location and size of the selected 'transmural' 
(in black) and 'subendocardial' (in grey) defects in the 21 studies. 
Note that studies 1-18 were acquired using 99mTc. Study 19 was 
acquired using 2°~T1 (80 keV peak only), and studies 20-21 using 
2°1T1 (80 and 170 keV peaks) 



all studies, these results represent an underestimation of the values 
that would be obtained in normal myocardium. 

Activity in the cardiac phantom was 2 mCi 99mTc in the back- 
ground cavity and 1.5 mCi 99mTc in the myocardium (for a "nor- 
mal" myocardium). No activity was placed in the left ventricle. 
For an 8-s image acquisition in the 45 ° LAO position, this gave 
a myocardial-to-background ratio of 1.86 and corrected myocardial 
activity of 21400 counts per 8 s. With the introduction of myocar- 
dial defects, the activity in the myocardium was reduced in propor- 
tion to the size of the defect. For the three studies employing 2°~Tl, 
identical amounts of activity were placed in the myocardium and 
background as compared with the equivalent 99mTC study. 

Data acquisition and processing. For each of the 21 phantom studies, 
the selected defect was placed in the myocardium and the myocar- 
dium and surrounding background filled with the appropriate ac- 
tivity as described above. The phantom was agitated for 5 min 
to ensure uniform mixing of the isotope in the appropriate compart- 
ments. The phantom was orientated on the SPET imaging table 
in a manner similar to the patient's position for clinical studies. 
Tomographic acquisition was then performed using a rectangular 
large field-of-view gamma camera (Elscint 609, Israel). Images were 
acquired for 8 s per image using similar acquisition parameters 
to those described above for patient studies. One-pixel thick trans- 
axial slices were generated by filtered back projection using a Ramp 
Hanning filter cut off at 0.7 × the Nyquist frequency. From the 
transaxial slices, horizontal and vertical long-axis slices were gener- 
ated for each study. From these the limits of the myocardium were 
visually determined and short-axis slices generated between these 
limits. If no apical activity was present, the location of the apex 
was estimated from the midventricular long-axis slice. No attenua- 
tion correction was applied to the data. 

Measurement of percentage infarcted or jeopardized myocardium 
total slice technique. The measurement of myocardial mass is based 
upon the sum of cylinders method (i.e., the myocardium can be 
considered as a series of cylinders of radii equal to the average 
radii of the short-axis slices and height equal to the thickness of 
the short-axis slices). If we consider a single short-axis slice of mean 
radius R, myocardial thickness T, and height H, then the volume 
of this slice is given by the equation 

V= nH(R + T/2) 2 - ~zH(R - T/2) 2 

= 2 n R H T  (1) 

If we assume that myocardial thickness is a constant, then 

V = k R ,  where k=2~zHT (2) 

i.e., the volume of the slice is proportional to the average radius 
of the slice. In order to facilitate the estimation of the average 
radius of a short-axis slice in the phantom studies, the image gray 
scale was modified so that the hottest pixels were set to white. 
After appropriate adjustment of image contrast, a circle was then 
fitted to the white outline and the radius (R) of the circle noted. 

In order to calculate the % IM in each short-axis slice, a cir- 
cumferential profile was first generated for each slice by taking 
the maximum pixel count over every 6 ° arc. The curve profile was 
analyzed to obtain the peak, minimum, and mean values. The 
% IM was calculated as the percentage of segments whose counts 
were less than a fixed proportion (threshold value) of the peak 
curve profile value. Five threshold values were studied: These were 
50%, 55%, 60%, 65%, and 70% of the peak curve profile value. 
The % IM in a given slice is then given by the equation 

% IM = 100 x kRF  (3) 
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where F represents the fraction of the curve profile below the 
threshold value. Hence, for a myocardium containing n short-axis 
slices, total myocardial volume is given by the equation 

Myocardial volume = k ~ R i (4) 
i = l  

and total volume of infarcted myocardium is given by the equation 

n 

Total infarcted myocardium = k ~ Ri Fi (5) 
i - 1  

Therefore, 

" ,/i~1 % IM = 100 x E Ri Fi/ Ri (6) 
i =1 

This technique requires that all myocardial slices be examined and 
the above equations applied. 

Measurement of  percentage infarcted or jeopardized myocardium - 
three-slice technique. A second simplified approach was based on 
the analysis of three representative myocardial slices, in the apical, 
midventricular, and basal sections. The apical slice was chosen by 
selecting the slice in which the left ventricular cavity was first visible 
and moving one slice further toward the base of the ventricle. The 
basal slice was chosen by selecting the slice in which a decrease 
in septal activity was first visualized and moving two slices further 
towards the apex of the ventricle. The midventricular slice was 
chosen half-way between the apical and basal slices. The radii of 
the apical (RA), midventricular (RMv), and basal (RB) slices were 
determined as described above. The radii RB and RMV were then 
assumed to represent the average radii of hollow cylinders over 
the basal and midventricular portions of the heart. In order to 
model better the apical portion, this section was considered as 
a combination of a cylinder and a cone, each of equal length. The 
radius R A w a s  considered to represent the average radius of both 
the hollow cylinder and the base of the hollow cone. The myocar- 
dial thickness was assumed to be equal throughout the heart. From 
standard geometry, this leads to a reduction of one-third in the 
contribution of the apical portion to total myocardial mass as com- 
pared with a cylindrical shape for the entire apical section. Myocar- 
dial volume was then given by the equation 

Myocardial volume = k RB + k RMv + 0.67 k R A (7) 

Following the generation of a circumferential profile and the appli- 
cation of the threshold value, the volume of the infarcted myocar- 
dium was then given by the equation 

IM = kR  B F B -I- kRMv FMV + 0.67 kR A F A (8) 

Therefore, 

% I M =  100 x (RB FB -}- RMV FMV + 0.67RA FA)/ 

(RB + RMV + 0.67 RA) (9) 

For large defects involving the entire apex, such as those pres- 
ent in studies 15 and 16 (Fig. 2), there are a number of additional 
problems in the measurement of % IM not discussed above. These 
are: (a) measurement of the short-axis slice ring radius at the apex 
in the absence of any apparent viable myocardial tissue and (b) 
determination of whether activity in the apical slice represents myo- 
cardial or background activity in cases whose peak profile counts 
in this slice are substantially less than those in other slices. From 
studies 15 and 16, it was found that when a large infarct involved 
the entire short-axis slice, the myocardium appeared as a cold circle. 
The approximate radius of this circle was measured and used as 
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a best estimate of the average radius of the myocardium. For both 
patient and phantom studies, inspection of the long-axis slices can 
be used to confirm the presence of an apical defect. The difficulty 
lies in determining the location of the boundary between infarcted 
and normal myocardium. To determine where viable myocardium 
begins in the short-axis slices, study 1 was analyzed to determine 
the lower threshold limit for normal myocardium. If peak counts 
in a slice fell below this threshold, the entire slice was considered 
to represent infarcted myocardium. 

After calculation of % IM by the above equations for different 
count thresholds, the measured % IM was correlated with the true 
% IM by linear regression analysis. 

Results 

Figure 3A gives the average circumferential profile 
counts for each short-axis slice from apex to base. Re- 
sults are shown for a normal myocardium imaged using 
99mTC (study 1), 2°1T1 (study 19, 80 keV peak), and 2°1T1 
(study 20, 80 + 170 keV peak). For  each study, the profile 
with the highest average count has been normalized to 
100. There was no significant difference between the three 
curves, indicating that differences in photon attenuation 
had little effect on the relative amplitude of the short-axis 
slices. Figure 3 B shows the maximum to minimum varia- 
tion in circumferential profile counts for each short-axis 
slice with 99mTC. The greatest variation between maxi- 
mum and minimum values in a given slice profile was 
22% (slice 9), and in no slice did the peak profile count 
fall below 63% of the maximum for the entire study. 
Hence, a threshold value of 60% was set as the lower 
limit below which the entire short-axis slice was consid- 
ered to represent infarcted myocardium. The arrows in 
Fig. 3 B indicate the location of the apical, midventricu- 
lar, and basal short-axis slices used in the three-slice 
technique. 

Figure 4 compares the circumferential profiles gener- 
ated from the midventricular slice in studies 11 and 21 
(Fig. 2). These studies contained an identical inferobasal 
infarct but were imaged using 99mTc and 2°1T1. The 
2°1T1 profile shows a higher minimum activity and a 
less steep slope at the boundary between normal and 
infarcted myocardium compared with the 99mTc profile, 
suggesting a loss of contrast and resolution. For  slices 
closer to the base of the heart, the angular width of 
the defect observed with 2°1T1 decreased by comparison 
with 99mTc, and there was a more gradual transition 
from normal to infarcted myocardium. These results are 
consistent with the increased scatter present in a 2°iT1 
image relative to a 99mTc image (Budinger and Rollo 
1977; Sorenson and Phelps 1987). 

Table 1 presents the correlation between the true 
% IM and the % IM calculated by the three-slice tech- 
nique and by analysis of all the short-axis slices (total 
slice technique) for studies 1-16. Irrespective of the 
threshold value employed, there was excellent correla- 
tion between the true % IM and measured % IM with 
R2>  0.96 in all cases. 
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Fig. 3. A Average circumferential profile counts, in each slice, plot- 
ted as a function of slice number for a normal myocardium imaged 
with 99mTc and 2°~T1. Results have been normalized to the maxi- 
mum value of average counts in all slices. B Maximum, minimum, 
and average circumferential profile counts plotted as a function 
of slice number for a normal myocardium imaged with 99mTc. Ar-  

rows indicate the location of the apical, midventricular, and basal 
slices used with the three-slice technique. Results have been normal- 
ized as in A 

Figure 5 plots the measured % IM against true 
% IM for the 55% threshold with the total slice tech- 
nique (Fig. 5A) and for the 60% threshold with the 
three-slice technique (Fig. 5 B). Although these figures il- 
lustrate the excellent correlation between true % IM and 
measured % IM, it can be seen that the measured % IM 
is dependent upon the location of the defect. For  both 
techniques, myocardial defects placed in the anterior or 
anterolateral wall always gave a higher value than de- 
fects placed in the posterior wall or septum. From the 
seven sets of studies in which the defects were placed 
180 ° apart in the myocardium (Fig. 2, studies 3-16), the 
average absolute difference in % IM was 3.8% (range 
0% 9.4%) for the three-slice technique and 4.9% (range 
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0.9%-10.5%) for the total slice technique. For the two 
studies containing subendocardial infarctions, the esti- 
mated infarct size was highly sensitive to the threshold 
value and to the location of the infarct (Fig. 5). For 
threshold values between 50% and 70%, the estimated 
infarct values ranged from 1.1% to 23.0% (total slice 
technique) and 2.6% to 24.1% (three-slice technique). 

Measurement of the % IM by the three-slice tech- 
nique is dependent upon a subjective selection of the 
appropriate apical and basal slices and upon a semi- 
quantitative determination of the radii of the selected 
slices. All 15 studies (Fig. 2, 2-16) were re-analyzed in 
order to determine the sensitivity of the three-slice tech- 
nique to both these variables. For the selection of the 
apical and basal slices, a slice variation of _+ 1 in slice 
number was evaluated and the % IM recalculated using 
a 60% threshold. The mean (+_ standard deviation) abso- 
lute difference in measured % IM was found to be 0.32% 
(_+0.4%) and 1.57% (_+2.5%) for the sets of slices closest 
and furthest from the midventricle, respectively. The 
largest error (8.2%, study 13) was caused by choosing 
the apical slice too close to the apex of the heart. 

The effects of variation in determining the short-axis 
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slice radius were investigated in a similar manner. For 
the 15 studies with "transmural" defects, all original 
measurements of short-axis radius were increased or de- 
creased by one pixel and the % IM recalculated using 
Eq. (9). A uniform increase or decrease in ring radius 

Table 1. Relationship between true percentage of infarcted myocardium (% IM) and measured % IM as a function of the curve profile 
threshold value for transmural  infarctions. Results obtained by linear regression analysis 

Threshold Total slice technique 
(%) 

Three-slice technique 

Slope Intercept Correlation Slope Intercept Correlation 
coefficient (R 2) coefficient (R 2) 

50 0.96 - 3.69 0.97 0.93 - 2.49 0.96 
55 1.00 - 2.93 0.98 0.97 - 1.96 0.98 
60 1.02 - 1.89 0.98 1.01 - 1.35 0.98 
65 1.05 - 0.86 0.98 1.03 - 0.74 0.98 
70 1.07 0.88 0.98 1.07 -0 .09  0.97 
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had minimal impact on the measurement of % IM with 
the three-slice technique. The mean (+ standard devia- 
tion) absolute difference in % IM was 0.37% (_+0.3%). 
The maximum absolute difference observed in any study 
was less than 1%. 

Discussion 

Current radionuclide techniques for the measurement of 
infarct size are based upon analysis of 2°1T1 uptake in 
the myocardium. This radionuclide is not ideal for imag- 
ing purposes. There is a significant amount of Compton 
scatter inside the energy window with a consequential 
loss of image contrast and detail (Budinger and Rollo 
1977; Sorenson and Phelps 1987). This presents difficul- 
ties in the detection and quantitation of infarcts present 
in deep cardiac structures such as the posterior ventricu- 
lar wall. CT does not eliminate all these difficulties, as 
attenuation correction is not normally applied to cardiac 
structures due to the difficulty in accounting for the vari- 
able attenuation characteristics of muscle, lung, and bone 
tissue. Many of the above problems are significantly re- 
duced with the use of 99mTc instead of 2°iT1. 

In terms of photon attenuation, Fig. 3A shows that 
there is little difference between 99mTc and Z°IT1 in our 
phantom model. This is to be expected since the attenua- 
tion characteristics for these radionuclides in soft tissue 
are similar (0.18cm -1 and 0.15cm -1 for 2°1T1 and 
99mTc, respectively). Figure 4 indicates that the impor- 
tant distinction between 99mTc and 2°~T1 is the increased 
contribution of scatter to the 2°iT1 images. For a source 
7 cm below the tissue surface, Compton scatter accounts 
for 62% of events falling within a 20% energy window 
at 80 keV, while at 140 keV, scatter represents only 35% 
of detected events (Anger 1967). The large increase in 
scatter with Z°IT1 results in a loss of contrast, making 
it more difficult to detect a small infarct or accurately 
define the boundaries of a large infarct (Fig. 4). This loss 
of contrast increases the difficulty in differentiating an 
infarct from the normal variation in 2°iT1 activity seen 
in CT short-axis slices of the myocardium. Hence, both 
the three-slice and total slice techniques are likely to 
prove less accurate when applied to Z°aT1 images. 

We would expect the three-slice technique to be in- 
herently less accurate than the total slice technique due 
to undersampling errors. However, from Table 1, it can 
be seen that for both techniques, a similar linear relation- 
ship exists between measured % IM and true % IM over 
the range of threshold values studied. The absence of 
any significant difference in the accuracy of the two tech- 
niques may be due to errors in the total slice technique. 
These errors arise in determining the exact location of 
the apex and in determining the apical contribution to 
total myocardial mass (partial volume effects). These ef- 
fects are not present in the three-slice technique due to 
the method by which the apical slice is selected. 

For the three-slice technique, a 57% threshold value 

was required to obtain an exact one-to-one correspon- 
dence with true % IM. In practice, thresholds between 
50% and 65% gave similar estimates of % IM. In con- 
trast with this result, many investigators have found that 
for 2°1T1 studies threshold definitions are critical to the 
estimation of infarct size (Holman et al. 1983; Johnson 
et al. 1987). From Fig. 5 it can be seen that the location 
of an infarct influences its apparent size. Presumably, 
this is due to increased scatter at depth which reduces 
the contrast of the lesion. For a given lesion, this "fill-in" 
of the cold area leads to a reduction in the estimation 
of % IM. We have not attempted to introduce a correc- 
tion for this anatomic variation, as a vast series of experi- 
ments would be required to evaluate the full range of 
possible infarct sizes and locations. However, to a good 
approximation, translation of an infarct from a superfi- 
cial to a deep location in the myocardium will lead to 
a 4% reduction in its apparent size. 

Current nuclear medicine techniques for the quanti- 
tation of % IM are based almost exclusively upon the 
analysis of 2°1T1 tomographic studies. These techniques 
can be divided into two types - those using count thres- 
holding followed by an edge detection algorithm to out- 
line the boundaries of viable myocardium (Holman et al. 
1983; Weiss et al. 1983) and those based upon circumfer- 
ential profile analysis and comparison with a normal 
data base (Prigent et al. 1986; Tamaki et al. 1982). These 
techniques can accurately measure % IM using 2°1T1 
and, with minor adaptations, could undoubtedly be ap- 
plied to sestamibi Tc 99m studies with equal accuracy. 
While some investigators have developed sophisticated 
software to automate the analysis and computation of 
% IM (Weiss et al. 1983), in general these techniques 
require a considerable degree of operator intervention. 
Furthermore, the published techniques using circumfer- 
ential profile analysis have the added disadvantage of 
requiring that a normal data base be generated. By com- 
parison, the primary advantage of the three-slice tech- 
nique is its simplicity. It does not require any specialized 
software other than the ability to generate a circumferen- 
tial profile. Our results have shown that the estimate 
of percentage of myocardium '° at risk" is relatively insen- 
sitive to the selection of slice number and the determina- 
tion of ring diameter, provided that the operator is con- 
sistent in the technique. The technique is most sensitive 
to the selection of the apical slice, with the largest errors 
in estimation occurring with a slice chosen too close 
to the apex of the heart. 

There are a number of assumptions and limitations 
in this study. The principle one is the assumption of 
relatively constant wall thickness, which is implicit in 
the formulae used to calculate infarct size. Variations 
in wall thickness between apex and base introduce an 
error into Eqns. (6) and (9) and hence into the estimation 
of myocardial mass. The contribution of each slice to 
the total myocardial mass is, to a good approximation, 
linearly dependent upon myocardial thickness. While 
this assumption is probably not correct in a setting of 
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chronic ischemic heart disease or cardiomyopathy, it 
should be valid in the acute infarct situation. This is 
the area in which we feel this technique has the greatest 
application. 

Since we are using a static phantom, we cannot inves- 
tigate the effects of wall motion on our results. The re- 
sults of a study by Narahara  et al. (1987) indicated that 
wall motion did not have a significant effect on the esti- 
mation of infarct size. However, that study was per- 
formed using 2°1T1, and its poorer resolution may have 
masked any effects due to wall motion. 

We have not fully assessed the accuracy of our tech- 
nique in the measurement of subendocardial infarctions. 
From the results of studies 17 and 18 shown in Fig. 5, 
it is clear that the correlation between true and measured 
infarct size is not as good as for transmural infarctions. 
The estimate of subendocardial infarct size appears to 
be highly sensitive to the selected threshold value and 
to infarct location. Hence, these techniques may not be 
suitable for the estimation of subendocardial infarct size. 
A similar difficulty in the measurement of subendocar- 
dial infarct size has been observed by Narahara  et al. 
(1987) using 2°1T1. 

The limitations of this technique are similar to those 
of 2°1T1 quantitative techniques. We have not investigat- 
ed the effects of patient obesity or breast attenuation 
on the estimation of % IM. Both these factors will prob- 
ably have a smaller but similar effect to that seen in 
2°1T1 SPET studies. One of the main problems encoun- 
tered with both 99mTc and 2°~T1 SPET perfusion studies 
is the assessment of a large infarct located at the apex 
of the heart. Like previous investigators (Caldwell et al. 
1984), we have assumed radial symmetry about the long 
axis of the left ventricle. However, our technique does 
have an advantage over other quantitative techniques 
in that it does not require the operator to outline the 
boundaries of the infarcted myocardium but simply to 
estimate the radius of the slice. 

The lower limit of detection of infarcted myocardium 
with the three-slice technique would appear to be ap- 
proximately 5%. Below this size, detection of an infarct 
is highly dependent upon its location in the myocardium 
(Fig. 5). This lower limit of % IM is similar to that found 
by many investigators using 2°1T1 quantitative tech- 
niques (Narahara et al. 1987; Caldwell et al. 1984). 

In summary, we have described a simple three-slice 
technique for the assessment of the percentage of myo- 
cardium infarcted or at risk. The technique is intended 
for use with 99mTc-labelled myocardial perfusion agents. 
It is not dependent upon any specialized computer soft- 
ware and only requires circumferential profile analysis 
of three representative short-axis slices of the myocar- 
dium. Our phantom results show that accurate quantita- 
tion of relative infarct size is possible. We are currently 
applying this technique to assess changes in myocardial 
perfusion, before and after treatment with intravenous 
tissue plasminogen activator, in patients with acute myo- 
cardial infarction (Gibbons et al. 1989). 
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