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Quantification of Area at Risk in Acute Myocardial
Infarction by Tomographie Imaging
Yuhji Furutani. Toshiaki Shiigi, Yasuma Nakamura, Hiroshi Nakamura, Masahiko Harada, Takeshi Yamamoto,
Takatoshi Wakeyama, Masami Nakatsuka, Hiroshi Ogawa and Masunori Matsuzaki
Second Department of Internal Medicine, Yamaguchi University School of Medicine, Ãœbe,and Division of Cardiology.
Tokuyama Central Hospital. Toknyama. Yamaguchi, Japan

The purpose of this study was twofold: to validate, in a phantom
heart model, a simple threshold technique for the quantification of
defect size using 123l-15-(p-iodophenyl)-3-(R,S)-methyl pentadecanoic acid (BMIPP) imaging and to compare, in patients with acute
myocardial infarction, defect size as shown by BMIPP imaging, with
the extent of severe hypokinesis shown by left ventriculography.
Methods: In a phantom study, defect size was calculated using a
standard geometric formula. In a clinical study, BMIPP imaging was
performed in 20 patients 10 Â±5 days after the onset of their
infarction. Using the centerline method, the area at risk was defined
by contrast ventriculography as the percentage of chords with wall
motion >2 s.d. below normal. Results: In the phantom study, a
threshold value of 60% yielded the best agreement between true
and measured defect size. In the clinical study, the defect size
shown by BMIPP imaging was greater in anterior than in inferior
infarcts (p < 0.001) and correlated well with the risk area revealed by
contrast ventriculography (r = 0.80, p < 0.0001) Conclusion: The
above preliminary data, admittedly from a small group of patients,
suggest that tomographic BMIPP imaging provides an accurate
quantification of defect size by means of a simple threshold tech
nique and, in the subacute phase, permits determination of the
amount of myocardium at risk after acute myocardial infarction.
Key Words: BMIPP; area at risk; acute myocardial infarction
J NucÃ-Med 1997; 38:1875-1882

Patty acids are the major fuel for the normal myocardium
under normal aerobic conditions, and the use of U3l-labeled
fatty acids has been proposed for the investigation of the
metabolism of the myocardium (7). Iodine-l23-l5-(p-iodophenyl)3-(R,S)-methylpentadecanoic
acid (BMIPP), an analog of pentadecanoic acid, may be useful for this purpose. A methyl group
is introduced at the beta carbon to prolong its residence time in
the myocardium, and a terminal para-phenyl group is added to
stabilize the iodine label (/). The prolonged retention time
allows for high-quality SPECT imaging, and, moreover, a more
homogeneous distribution of the tracer in the left ventricular
myocardium than that seen with 20lTl is obtained in normal
subjects (2). In patients with ischemie heart disease, the
abnormality shown by BMIPP is generally more extensive than
that seen with 2<)lTl, probably because metabolic abnormality
shows relatively more severe derangement than perfusion
disturbance (2-7). The use of BMIPP in the subacute phase of
infarction has been reported previously (5,6). Discordant segReceived Aug. 26. 1996; revision accepted Feb. 3, 1997.
For correspondence or reprints contact: Yuhji Furutani, MD, Second Department of
Internal Medicine, Yamaguchi University School of Medicine, 1144 Kogushi, Nishi-ku,
Ãœbe,Yamaguchi 755, Japan.

ments with a relatively more reduced BMIPP uptake were
observed more often in acute than in chronic myocardial
infarction and more often in reperfused than in nonreperfused
segments. A low uptake of BMIPP is thought to be due to a
delayed recovery of fatty acid metabolism after reperfusion, and
the mismatched areas could be used as a marker of salvaged
myocardium or to delineate the area at risk (5).
Tomographic imaging with 99mTc-sestamibi has been used in
the Nuclear Medicine Laboratory at the Mayo Clinic (Roches
ter, Minnesota) as a means of assessing the myocardium at risk,
the infarcÃ¬size and the efficacy of treatment in acute myocardial
infarction (X-10). For the measurement of both the amount of
myocardium at risk and the infarcÃ¬size from such 99mTcsestamibi tomographic images, a simple threshold method using
a sum-of-cylinders technique to derive defect size from shortaxis tomographic slices of the heart has been validated in a
phantom model in that laboratory (//).
The purpose of this study was twofold. First, we wished, in a
phantom model, to validate a simple threshold technique for the
quantification of defect size from BMIPP SPECT images using
short-axis tomographic slices. Second, we wished to determine
whether, in the subacute phase in patients with acute myocardial
infarction, use of such a technique would allow a noninvasive
assessment of the area at risk. The latter we did by comparing
the defect size shown by BMIPP SPECT imaging in the
subacute phase with the extent of severe hypokinesis revealed
by left ventriculography (LVG).
MATERIALS

AND METHODS

Phantom Study

Left ventricular defect size was measured using [2Ã¬l
in a version
of the simple threshold technique validated for 99mTc in the
Nuclear Medicine Laboratory at the Mayo Clinic (//). Tomo
graphic acquisitions were performed using a static cardiac phan
tom. Because the myocardial-to-background activity ratio for
BMIPP in normal subjects has been reported to be about 2 ( 12), the
myocardial portion of the phantom was filled with a solution of 123I
that provided a myocardial-to-background activity ratio of this
magnitude. Fifteen solid silicon insets, each of a size between 3.6%
and 60% of myocardial volume, were introduced into the myocar
dial portion to simulate the desired defect. Figure 1 indicates the
size of the myocardial defect and its anatomical location. Some of
these infarcÃ¬
locations are unlikely to occur in clinical practice, but
they were included so that the effects of diametrically opposed
lesions on Ihe estimation of defect size could be studied. A tolal of
16 SPECT acquisitions were performed, one for each of the 15
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defects and one with no defect. For this, we used a rotating gamma
camera equipped with a low-energy, general-purpose collimator.
Images were reconstructed using a standard back-projection algo
rithm without attenuation correction. Short-axis slices of the left
ventricle were obtained every pixel (5.3 mm). From three repre
sentative slices (apical, midventricular and basal), circumferential
count-profiles were obtained by identifying the peak count in every
10Â°sector around the left ventricle. The radius of each slice was
measured at a point midway between the endocardia! and epicardial borders. The count in each pixel in the circumferential
count-profile was normalized in relation to the peak count for each
set of images. The apical slice was chosen by selecting the slice in
which the left ventricular cavity was first visible and then 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 then moving two slices further
toward the apex of the ventricle. The midventricular slice chosen
was from halfway between the apical and basal slices. When a
large apical defect was present, the location of the apex was
estimated visually by inspection of vertical long-axis slices. Myocardial mass was calculated using the average value for the radii of
the three selected slices. Defect size was determined using the
fraction of the total radians (36 per slice) for which the peak count
fell below a threshold value. The estimated defect size was then
expressed as a percentage of left ventricular volume; hereafter, this
is termed "percentage defect size." Three threshold values (55%,
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IA Od
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WWDC'
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FIGURE 1. Diagrammatic represen
tation of the left ventricular myocar
dium, showing the location and size
of the simulated defects in cardiac
phantom studies. LV = left ventricle.

60% and 65%) were studied. At each threshold level, the measured
percentage defect sizes from 16 studies were correlated by regres
sion analysis with true percentage defect size. The absolute error
between the true and measured values was determined for each of
the 16 studies.
Patients

The characteristics of the study group are presented in Table 1.
Twenty consecutive patients with their first acute myocardial
infarction were included in this study. The group consisted of 16

TABLE 1
Demographic Data for 20 Study Patients
to
Patient Age
no.
(yr)1
632
523
824
675
466
657
668
659
6910
4711
6312
5813
6714
6215
4216
6217
6418
9319
7020
59"Interval

(%)Early
defectsize

Follow-up
Interval*

reperfusion
Culprit vessel
CAG
Delayed
Sex
image28382542555529554030306452572713102120164725394752603154452125484828201779146onset
laterMMMMMMMMMFFMMMMMFMFM273334456643112422344LAD
(hr)
(improvement, %) Intervention
1 mo
area
(%)524845464557455168372348516129130334522LVEFAcute
phase4144485547325637376554543947645761594458(%)Chronic
phase
(days)61NDND505037753451615540354160ND57NDND7141
image

(100-25)LAD
6
(100-30)LAD
6
(75-25)LAD
6
(100-0)LAD
6
(100-25)LAD
6
(100-25)LAD
6
(100-25)LAD
6
(100-25)LAD
6
(100-25)LAD
6
(100-0)LAD
7
(99-10)LAD
7
(100-0)LAD
7
(100-10)LAD
7
(100-30)LAD
7
(100-75)RCA1
7
(100-20)RCA1
(100-25)RCA
(100-25)RCA
2
(100-30)RCA
2
2 (100-90)PTCAPICAPTCAPTCAPTCAPTCAPTCAPTCAPTCAPTCAPTCAPTCRPTCAPTCAPTCRPTCAPTCAPTCAPTCAPTCR25N

fromM

imaging.=
of infarction to time of BMIPP
coronary angiography;LAD
= male; FTime
female;CAG=
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=left anterior descending coronary artery;RCA
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men and 4 women in the age range of 42-93 yr (mean, 63 Â±12 yr).
The diagnosis of acute myocardial infarction was made on the basis
of chest pain persisting for at least 30 min, an ST segment elevation
of at least 0.1 mV in at least two contiguous leads and an elevation
of serum creatine kinase-MB isoenzyme to more than twice the
upper limit of the normal range. No patient had a history of
previous myocardial infarction, coronary bypass surgery, valvular
or congenital heart disease or cardiomyopathy. Fifteen patients
were diagnosed as having an anterior infarction, and 5 were
diagnosed as having an inferior infarction. In all 20 patients,
coronary angiography was performed immediately after admission.
The infarct-related arteries were the left anterior descending artery
in 15 patients and the right coronary artery in five patients; no
patient had a circumflex occlusion as the culprit lesion. Among the
20 patients, 17 were treated by direct percutaneous transluminal
coronary angioplasty (PTCA), and 3 were treated by percutaneous
transluminal coronary recanalization (PTCR), with an intracoronary infusion of tissue-type plasminogen activator. The occluded
coronary arteries were recanalized successfully after such treat
ment in all patients (mean interval, 4 Â±2 hr, after the onset of
symptoms). Follow-up coronary angiography was performed in 17
patients 1 mo after the onset, and restenosis was observed in two
patients. All patients received the appropriate ancillary treatment
according to standard indications. All patients gave informed
consent based on the guidelines laid down by the hospital's Human
Clinical Study Committee.
BMIPP SPECT Imaging
Iodine-123-BMIPP was prepared and supplied by Nihon MediPhysics Company. It contained 3 mCi (111 MBq) of '"l-BMIPP
(0.6 mg) dissolved in 10.5 mg of urso-deoxycholic acid as a
solvent.
All patients underwent BMIPP SPECT imaging at rest, at a mean
interval of 10 Â±5 days after the onset of their acute myocardial
infarction. Three millicuries (111 MBq) of BMIPP were injected at
rest in a fasting state for at least 3 hr. SPECT imaging was obtained
20 min (early image) and 3 hr (delayed image) after injection. At
each time, 36 views were collected over 180Â°from the right
anterior oblique (RAO) to the left posterior oblique positions at
30-40 sec/view using a step-and-shoot method. The energy
discrimination was centered on 159 keV with a 20% window. A
series of transaxial images was reconstructed using filtered backprojection, after which cardiac short-axis and long-axis slices perpen
dicular to the cardiac axes were recognized. The defect size was
measured using the simple threshold technique described for the
phantom study. Intraobserver and interobserver variabilities were
assessed after repeat processing of eight patients several weeks later.
Angiographie Protocol and Analysis
Cardiac catheterization was performed immediately after admis
sion. Selective coronary angiography and direct PTCA or PTCR
were performed, as described previously. Immediately after suc
cessful reperfusion therapy, a 30Â°RAO contrast LVG was per
formed in all patients. Follow-up LVG was performed in 15
patients 1 mo after onset (Table 1). Left ventricular ejection faction
(LVEF) was assessed by the area-length method (13). Using the
centerline method described by Sheehan et al. (14.15), the area at
risk, measured using LVG (LVG-risk area), was defined as the
percentage of chords with wall motion >2 s.d. below normal.
Statistics
Data are expressed as mean values Â±s.d. A Student's t-test (paired
or unpaired) was used to compare two groups with approximately
normal distributions. Simple linear correlation was performed. A p
value of less than 0.05 was considered to indicate significance.

TABLE 2

RelationshipBetween Measured Defect Size and True Defect Size
as a Function of Threshold Value in Cardiac Phantom Studies
Threshold
(%)55

60
65Slope1.02

coefficient
(R1*)0.98

-0.43
1.01
".03Intercept-1.43 1.70Correlation

0.99
0.97

RESULTS
Phantom Study
Table 2 shows the correlation between the true percentage
defect size and that calculated using the three-slice technique. A
threshold value of 60% of peak count yielded the best agree
ment, with a correlation coefficient of 0.99 and a regression line
near the line of identity (measured defect size = 1.01 X true
defect size - 0.43) (Fig. 2). The average error in the estimation
of defect size was 0.24 Â±2.4%. Although, as shown in Figure
2, there was an excellent correlation between true and measured
defect size, it was clear that the measured defect size was
dependent on the location of the defect. Myocardial defects placed
in the anterior or anterolateral wall always gave a higher value than
defects placed in the posterior wall or septum. From the seven
sets of studies in which the defects were placed 180Â°apart in the
myocardium (Fig. 1, studies 3-16), the average absolute differ
ence in measured defect size was 1.8% (range, 0%-3.8%).
Clinical Study
The clinical characteristics of the study patients are shown in
Table 1.
Intraobserver and Interobserver Variability
In the determination of defect size as a percentage of left
ventricular volume, intraobserver variability was small, being
-0.3 Â±2.4% with a range of -4.1%-3.3%
(r = 0.99 for the
two determinations). The interobserver variability was also
small, being 1.5 Â±2.6% with a range of -2.8%-5.0%(r
= 0.99
for the two determinations). These intra- and interobserver data
indicate that, in clinical practice, a change in percentage defect
size of more than 5% should be considered significant.
Defect Size
In all patients, the defect was located in myocardial segments
corresponding to the area supplied by the infarct-related coroMeasureddefect(%LV)

20y=1.01x-0.43
r = 0.99
20
40
True defect (% LV)

60

FIGURE 2. Plot of measured defect size against true defect size, each
expressed as a percentage of the volume of the left ventricle, in cardiac
phantom studies. LV â€¢
left ventricle.
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FIGURE 3. Plot of defect size, ex
pressed as a percentage of the vol
ume of the left ventricle, in the early
and delayed images for each pa
tient. â€¢,mean; bars, s.d. Overall,
there was no significant change in
defect size between early and de
layed images, but there was consid
erable variation. LV - left ventricle.

40 â€¢

30 30 -

20 -

100

20 -

Early image

Delayed image

nary artery. In individual patients, the percentage defect size
varied widely: in the early image, it varied from 10% to 64% of
the left ventricle, and in the delayed image, it varied from 6%
to 60% (Table 1 and Fig. 3). The mean percentage defect size
was 35 Â±16% in the early image and 32 Â± 17% in delayed
image (p value, not significant; Fig. 3). However, when com
pared to the percentage defect size in the early image, that in the
delayed image in the same patient showed an increase of more
than 5% in two patients (mean increase = 17 Â±4%) and a
decrease of more than 5% in eight patients (mean decrease =
13 Â±7%) (Table 1 and Fig. 3). The percentage defect size was
significantly greater in anterior than in inferior infarcts both in
the early image (42 Â±13% compared to 16 Â±5%, p < 0.001)
and in the delayed image (40 Â±13% compared to 11 Â±5%,
p < 0.001) (Fig. 4, upper and lower). Because the delayed
image showed a larger defect than the early image in some
patients, we decided to use an "early-or-delayed image" as a
further means of analysis. The early-or-delayed image was simply
the one of the two images that showed greater defect size. The
values for the early-or-delayed image were: anterior infarction,
45 Â± 12%, compared to inferior infarction, 17 Â±5% (p <
0.001) (Fig. 4, middle).
Correlation of Percentage Defect Size with Extent of
Hypokinetic Segment
The average LVEF in the acute phase was 50 Â±10% (Table 1).
There was a significant correlation between percentage defect size
and acute-phase LVEF in early, delayed and early-or-delayed
images (Fig. 5). The average LVEF in the chronic phase was
52 Â± 13% (Table 1). There was a significant correlation
between percentage defect size and chronic-phase LVEF in
early, delayed and early-or-delayed images (Fig. 6). On aver
age, the severely hypokinetic segment made up 41 Â±17% of
the left ventricle (Table 1). The correlation between percentage
defect size and LVG-risk area was significant in both early (r =
0.72, p < 0.001 ) and delayed images (r = 0.71, p < 0.001 ) (Fig.
7, upper and lower). Moreover, the correlation between per
centage defect size and LVG-risk area in the early-or-delayed
image was excellent, (r = 0.80, p < 0.0001) (Fig. 7, middle).
DISCUSSION
The major finding of this study is that the defect shown up by
the use of BM1PP can be accurately quantified by means of a
simple threshold technique and tomographic imaging in the
subacute phase, which permits determination of the amount of
myocardium at risk after an acute myocardial infarction.
Threshold Technique
A previous phantom study was performed by others (Â¡6)to
compare estimates of infarcÃ¬size obtained by means of a simple
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FIGURE 4. Magnitude of defect size, expressed as a percentage of the
volume of left ventricle, related to the location of the infarction and shown
separately for early, delayed and early-or-delayed images. In each image,
anterior infarction was larger than inferior infarction. Error bar, s.d. LV = left
ventricle.

threshold method using either 2()IT1or 99nTc. In that study, the
threshold for 201T1 (70% of peak count) was higher than the
60% shown to be optimal for WmTc-sestamibi, presumably
because of the weaker photon with 2()IT1and the consequently
increased scatter. Tamaki et al. (2) reported a more homoge
neous distribution of BM1PP than of
Tl in normal subjects,
because the I23I had a higher energy photon than 2()1T1.In the
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FIGURE5. Defectsize,expressedas a percentageof the volumeof the left
ventricle,plotted againstLVEFin the acute phaseand shown separatelyfor
early, delayed and eariy-or-delayedimages. For each image, there was a
significantcorrelationbetweenthe two measurements.LV = left ventricle.

present phantom study, the optimal threshold value was 60% for
123I-BMIPP, the same as that reported for WmTc-sestamibi.
presumably because these two radioisotopes have similar en
ergy photons. It has been suggested that, before using a simple

FIGURE6. Defectsize,expressedas a percentageof the volumeof the left
ventricle,plotted againstLVEFinthe chronicphaseand shownseparatelyfor
early, delayed and eariy-or-delayedimages. For each image, there was a
significantcorrelationbetweenthe two measurements.LV = left ventricle.

threshold technique for defect sizing, preliminary objective
testing should be undertaken to identify systems with technical
deficiencies (17). Minimum acceptable values were said to be:
a slope for the regression line of between 0.90 and 1.10 and an
average error in the estimation of percentage defect size of
AREAATRISK BYBM1PP IMAGINGâ€¢
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It has been demonstrated that the amount of myocardium at
risk is an important determinant of final infarct size in both
experimental animal studies (18) and clinical studies (10,19).
Feiring et al. (19) showed that the amount of myocardium at
risk during the acute stage of a myocardial infarction is highly
variable, even when the coronary occlusion occurs in similar
locations. In clinical studies, the quantification of the myocar
dium at risk can be achieved by means of myocardial contrast
echocardiography
using intracoronary
contrast
injection
(20,21), 99mTc-sestamibi injection before reperfusion therapy
(8-10) or quantitative LVG using the centerline method de
scribed by Sheehan and coworkers (14,15,22).
The centerline method has been used to measure wall motion
and to determine the location and circumferential extent of
hypokinesis more severe than 1 or 2 s.d. below the mean of a
normal reference group with the extent of the hypokinesis being
expressed as a percentage of the length of the left ventricular
contour (15,22). Ahrens et al. (22) compared the extent of
hypokinesis, due to acute myocardial infarction, measured by
the centerline method with the angiographically defined risk
region. They concluded that the size of the risk region could not
be assessed accurately from angiography in that way. There
fore, we modified the method so that the area at risk, as assessed
by an RAO left ventriculogram, was defined as the percentage
of the circumferential extent of the hypokinesis that was more
severe than 2 s.d. below the normal. For the purpose of this
analysis, patients with an infarction caused by a circumflex
coronary artery lesion were not included, because wall motion
in such patients is better assessed from the left anterior oblique
ventriculogram (14).
Assessment of Risk Area Using a Fatty Acid Analog
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FIGURE 7. Defect size expressed as a percentage of the volume of the left
ventricle, plotted against LVG-risk area and shown separately for early,
delayed and eariy-or-delayed images. For each image, there was a signifi
cant correlation between the two measurements, especially at larger defect
sizes in the earÃ¬y-or-delayedimage. LV = left ventricle.

<5% (17). In this study, the slope of the regression line was
1.01, and the average error in estimating the percentage defect
size was 0.24%. This shows that a 60% threshold for I23IBMIPP is optimal for the quantification
such a system is used in our institute.
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of defect size when

Comparative studies showing a mismatch between BMIPP
and flow tracer distribution (BMIPP uptake < flow tracer
uptake) have emphasized the usefulness of evaluating myocar
dial viability with BMIPP (2-7). Greeter et al. (5) suggested
that combining ""Tc-sestamibi
and BMIPP scintigraphy in the
subacute stage of myocardial infarction (i.e., within 2 wk after
myocardial infarction) would allow assessment of the efficacy
of reperfusion therapy and a delineation of the area at risk.
However, in these BMIPP studies, the grading of BMIPP
uptake is usually assessed visually, for example, using a
four-point grading system (2,3,5,6). We thought that a quanti
tative method using BMIPP should be used, if possible, to
assess the efficacy of reperfusion therapy and to delineate the
area at risk. To this end, we adopted a simple threshold method
like that developed in the Nuclear Medicine Laboratory at the
Mayo Clinic, in which myocardial defect size is estimated by
means of 99mTc-sestamibi imaging (8-11,16,17). In doing so,
we were taking advantage of the similar photon energies of
99mTc and 123I.
A wide range of values has been reported for the amount of
myocardium at risk after myocardial infarction (8-10,18,19). In
this study, the percentage defect size obtained using BMIPP
imaging varied widely: from 10% to 64% (mean, 35 Â±16%) in
the early image and from 6% to 60% (mean, 32 Â±17%) in the
delayed image. These values are similar to those reported by
Christian et al. (10) using 99mTc-sestamibi (range, 2%-73%;
mean, 35 Â± 19%). Previous studies have demonstrated that
patients with an anterior myocardial infarction had considerably
more myocardium at risk than did patients with an inferior
infarction (8,10,19). Our values for percentage defect size in
patients with right coronary or left anterior descending coronary
artery occlusion were similar to those reported by Feiring et al.
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(19) (right coronary or circumflex, 17 Â±4%, compared to left
anterior descending coronary artery, 38 Â±5%, in the study by
Feiring et al.)- The phantom data tend to slightly overestimate
anterior infarcÃ¬size, probably because the myocardium in
volved is closer to the chest wall and subject to less attenuation
and scatter, as already shown for phantom study using WmTc

myocardium, low uplake and fasler clearance may occur.
However, olher mechanisms may be involved, such as the
back-diffusion and accumulation of BMIPP inlo Ihe interstitial
edema in subacute myocardial infarction. The latler has already
been shown lo be one reason for Ihe reverse redistribution of
201-j-j ^27) it has been shown that, in the early stage after

(77). However, this error is variable and no greater than 3.8% of
the left ventricle, which is far smaller than the differences
reported here. In our study, there was a significant correlation
between percentage defect size and LVG-risk area, especially
when we used the early-or-delayed image for the analysis (Fig.
7). These results indicate that the defect size indicated by
BMIPP imaging in the subacute phase of infarction is a good
representation of the myocardium at risk and that a reverse
redistribution may occur in the reperfused myocardium.
In the acute phase, LVEF has been reported to be influenced
by many factors other than the amount of myocardium at risk,
including preload, afterload, duration of myocardial ischemia,
stunned myocardium and hyperkinesis in normal segments
(8,19). Thus, in the acute phase, LVEF is probably not an
accurate marker of the amount of myocardium at risk. It is
consistent with this idea that, although there was a significant
correlation between LVEF in the acute phase and percentage
defect size, the correlation coefficients were modest (Fig. 5)
compared with those for the correlation between LVEF in the
chronic phase and percentage defect size (Fig. 6). The amount
of myocardium at risk has been reported to be a important
determinant of the final infarcÃ¬size (8-10,18,19). Taking LVEF
in the chronic phase lo represenl Ihe final infarcÃ¬size, the
correlation coefficient between defecl size and LVEF in Ihe
chronic phase in Ihis sludy can be compared wilh the value
reported by Feiring et al. (79) (r = 0.77 for the early-or-delayed
image in this study compared to r = 0.77 in Ihe study by Feiring
et al.). This result also supports Ihe idea lhal Ihe percenlage
defecl size seen with BMIPP in the subacute phase is a good
representalion of Ihe amounl of myocardium al risk.

reperfusion of an acute myocardial infarclion, a reverse redis
tribution of 2()IT1 can be taken as evidence of infarct-related

Redistribution of BMIPP
BMIPP is a branched fairy acid analog, so, after ils dislribulion in Ihe myocardium according to Ihe regional blood flow
and the fatty acid uptake mechanism, il is Irapped inlo Ihe
endogenous lipid pool wilhoul being further melabolized
Ihrough bÃªla oxidalion. Therefore, il may reflect fatly acid
uplake and Ihe lurnover rale of Ihe endogenous lipid pool rather
lhan bela oxidation of fatly acids ( 7). A previous study reported
lhal BMIPP was melabolically broken down in human lissue
(12,23) and, recenlly, Yamamichi el al. (24) reported lhal
BMIPP is metabolized in the ral myocardium. In this study,
eighl palienls (40%) showed a redislribulion and iwo palienls
(10%) a reverse redislribulion of more lhan 5% (i.e., Ihe upper
limit of reproducibility). The precise mechanism underlying
these changes is unknown. However, Kropp el al. (23) showed
lhal, by using slress, 3-hr poslslress and reinjection BMIPP
images, Ihe rate of lurnover of BMIPP is decreased in Ihe
ischemie myocardium. Recently, Weinstein et al. (25) showed
lhal, despile Ihe presence of Ihe melhyl group, BMIPP becomes
redislribuled in Ihe reperfused rabbil myocardium in an analo
gous manner lo 20IT1. Il has been shown in palienls wilh
hypertrophie cardiomyopalhy lhal, as Ihe severily of left venIricular hypertrophy increased, Ihe level of myocardial BMIPP
uplake decreased and ils clearance rale increased; Ihe mecha
nism underlying ihis increased clearance rate is thoughl to be
related to an alteralion in subslrate utilizalion (26). Therefore, in
a myocardium in which Ihere is a subslrale swilch from fatly
acid to glycolytic oxidation, as in the reperfused or hypertrophie

artery palency with the extenl of myocardial stunning/necrosis
more accurately portrayed by the delayed images (2#). For this
reason, we used the early-or-delayed image as a means of
analysis, and this yielded Ihe best agreement between percent
age defecl size and LVG-risk area. Therefore, Ihe reverse
redislribution of BMIPP in the subacute phase of infarclion may
represenl the reperfused myocardium, and we think that acqui
sition of bolh early and delayed images in Ihe subacute phase of
infarction allows a more accurate assessment of the area al risk.
Limitations
This sludy has several limilalions. First, ihere is a lack of
corroboralive animal sludies. Sludies of reperfusion in animals
have demonslrated that the anatomical area at risk in infarction,
as measured by postmortem angiography, correlated well (r =
0.94) wilh the perfusion defect measured after injeclion of
WmTc-seslamibi during coronary occlusion (29). To Ihe besl of
our knowledge, Ihere has been no animal sludy comparing
poslmortem infarcÃ¬size wilh defecl size using BMIPP. Second,
Ihe number of palienls is relalively small. Third, use of a simple
threshold technique is well established as a method for WmTcseslamibi imaging, bul there are certain technical limitations
related to Ihe seleclion of Ihe short-axis slices, Ihe assumplion
of uniform thickness of the left venlricle and gamma ray scatter.
Fourth, we defined the LVG-risk area in terms of a severe
hypokinesis >2 s.d. below normal. Recently, Nanto el al. (27)
reported that a functional border zone exists in human hearts.
Thus, our LVG-risk area may overestimate Ihe true amount of
myocardium at risk. Finally, the time course of the recovery of
fally acid melabolism after reperfusion is reported to be variable
in experimenlal sludies (30). Thus, BMIPP imaging in Ihe
subacute phase may underestimate the true amount of myocar
dium at risk. A direcl comparison of Ihe area al risk as assessed
by 99mTc-seslamibi in Ihe acute phase wilh lhal determined
using BMIPP in the subacute phase is needed to clarify Ihis
issue.
CONCLUSION
The determination of defect size using BMIPP can be
quanlified by a simple Ihreshold technique. Tomographie im
aging with BMIPP in the subacute phase permits determination
of the amount of myocardium al risk after acute myocardial
infarclion. Quanlilalive analysis of BMIPP imaging in the
subacute phase of myocardial infarction is a useful, noninvasive
lool for evalualing the amount of myocardium al risk.
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Extracardiac Activity Complicates Quantitative
Cardiac SPECT Imaging Using a Simultaneous
Transmission-Emission Approach
Eliot N. Heller, Paul DeMan, Yi-Hwa Liu. Donald P. Dione, I. George Zubal, Frans J.T. Wackers and Albert J. Sinusas
Experimental Nuclear Cardiology Laboratory, Division of Cardiovascular Medicine, Department of Internal Medicine, and
Department of Diagnostic Radiology, Yale University School of Medicine, New Haven, Connecticut

Increased extracardiac activity confounds conventional cardiac
SPECT image reconstruction using a filtered backprojection
method. Others have proposed that simultaneously acquired trans
mission-emission (STE) images that are reconstructed with a max
imum likelihood (ML) method incorporating a nonuniform attenua
tion correction would less likely be affected by the presence of
extracardiac activity. However, this approach corrects only for
decreased myocardial counts from attenuation and not for in
creased myocardial counts from extracardiac activity. Therefore,
STE with nonuniform attenuation correction may also result in
reconstruction artifacts when extracardiac activity is present.
Methods: Acquisitions of phantoms with nonuniform and uniform
attenuation were performed using STE and conventional ap
proaches, in the absence and presence of extracardiac activity. All
acquisitions used a triple-headed SPECT camera. STE acquisitions
used fanbeam collimation and a 153Gd transmission source. STE
images were reconstructed using ML, with and without nonuniform
attenuation correction. Reconstructed short-axis images were
quantitated, and percentage variability for each count profile was
calculated. Results: In a nonuniform phantom configuration, STE
reconstruction with nonuniform attenuation correction significantly
improved image uniformity. This improvement in image uniformity
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was diminished with the addition of increasing extracardiac activity.
In a uniform phantom, STE reconstruction with nonuniform attenu
ation correction significantly improved uniformity only in the pres
ence of extracardiac activity. Conclusion: The addition of attenua
tion correction in the presence of extracardiac activity can have
complex effects on ML reconstruction with nonuniform attenuation
correction, which depends on the amount of extracardiac activity
and pattern of attenuation.
Key Words: attenuation correction; quantitative SPECT; artifacts;
emission transmission
J NucÃ-Med 1997; 38:1882-1890

ILxtracardiac
activity can artificially decrease or increase
counts in the adjacent regions in the heart. A decrease in the
intensity of the target organ (heart) has been attributed to the
surrounding negative values (1.2) from the adjacent extratarget
activity when conventional filtered backprojection image recon
struction is used (3). Alternatively, an increase in intensity can
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