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The clinical usefuiness of single-photon tomography using
both a beta-methyl-branched fatty acid analog, '*I-15+p-
iodophenyl)-3-methyl pentadecanoic acid (BMIPP) and 2'Ti
was assessed in 4 normal subjects and 28 patients with
myocardial infarction. A homogeneous distribution of the
tracer in the left ventricular myocardium was observed in each
normal subject. BMIPP uptake was decreased compared to
20'T] (discordant) in 17/28 patients (61%) and in 49/196
myocardial segments (25%). Such discordant BMIPP uptake
was observed more often in areas of acute myocardial infarc-
tion (59% at <4 wk versus 31% at >4 wk after onset) (p <
0.01) and areas supplied with revascularized arteries (74%
for revascularized versus 28% for nonrevascularized areas)
(p < 0.01). In addition, the discordant BMIPP uptake was
seen more often in the segments exhibiting a wall motion
score lower than the perfusion score (46%) in comparison to
segments showing a similar decrease in both the wall motion
and perfusion scores (12%) (p < 0.01). Thus, BMIPP imaging
may play a major role in increasing our understanding of the
relationship between perfusion and wall motion, particularly
in patients with acute myocardial infarction and those who
received revascularization therapy.
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Since fatty acids play a major role as energy sources for
the normal myocardium (/,2), efforts have been made to
label fatty acids or their analogs in order to probe regional
myocardial metabolism using positron emission tomog-
raphy (PET) and single-photon emission computed to-
mography (SPECT). PET with ''C palmitate has shown
great promise in assessing fatty acid metabolism in patients
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with ischemic heart disease in vivo (3-7). To facilitate
such studies of fatty acid metabolism using SPECT, var-
ious iodinated fatty acid analogs have been introduced (8-
12).

Radioiodinated straight-chain fatty acids are cleared
from the myocardium reflecting oxidation of fatty acid
(13,14), while methyl-branched fatty acid analogs are
trapped in the myocardium (15,16). Therefore, the latter
may be suitable for SPECT imaging because of their
prolonged residence time in the myocardium. However,
the uptake mechanism of such branched fatty acids should
be clarified (17-20). We recently reported that myocardial
accumulation of radioiodinated-15-iodophenyl 3-methyl
pentadecanoic acid (BMIPP) correlated well with intracel-
lular adenosine triphosphate (ATP) content (217).

To clarify the clinical significance of this tracer for
assessing ischemic heart disease, '*’I-labeled BMIPP im-
aging was performed in patients with myocardial infarction
for a comparison with 2°'T1 perfusion and regional wall
motion by contrast ventriculography.

MATERIALS AND METHODS

Patients

Four normal subjects and 28 patients with myocardial infarc-
tion underwent SPECT imaging using BMIPP at rest. The four
normal subjects included three normal volunteers who had less
than 1% probability of coronary artery disease for their age group,
electrocardiographic (ECG) findings and clinical histories. The
fourth subject had nonanginal chest pain but showed no signifi-
cant coronary stenosis on angiogram. For the 28 patients with
myocardial infarction [23 men, 5 women, ranging in age from 29
to 75 yr (mean 59.2 yr)], the diagnosis was made based on a
history of acute myocardial infarction by elevation of cardiac
enzymes, typical precordial symptoms and Q-waves on their
ECGs. The interval from the most recent onset of infarction
ranged from 10 days to 8 yr (mean: 14.0 mo). All patients had
coronary angiography. Four patients had undergone successful
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percutaneous transluminal coronary angioplasty (PTCA), and six
patients had received intracoronary thrombolysis. Successful re-
vascularization was proved by a follow-up angiogram before the
BMIPP study. All subjects gave written informed consent based
on the guidelines of the hospital’s Human Clinical Study Com-
mittee.

Twenty-five patients, including one normal subject, underwent
coronary arteriography and contrast ventriculography within
2 wk of the radionuclide study. The remaining four patients
underwent angiography within 4 wk of the radionuclide study.

Radiopharmaceuticals

lIodine-123 BMIPP, a beta-methyl-branched fatty acid analog,
was prepared and supplied by Nihon Medi-Physics Company.
BMIPP contained 3 mCi (111 MBq) of '*I-labeled 15-(para-
iodophenyl)-3(R,S)-methyl pentadecanoic acid (0.6 mg) dissolved
in 10.5 mg of urso-deoxycholic acid as a solvent (which did not
affect the distribution of BMIPP in animal studies).

Protocol

Twenty-nine patients underwent BMIPP and **'TlI SPECT
imaging at rest using a rotating gamma camera equipped with a
low-energy, general-purpose collimator (Starcam: General Elec-
tric: Milwaukee, WI). Three millicuries (111 MBq) of BMIPP
were injected at rest in a fasting state approximately 3-5 hr after
a meal. SPECT imaging was started 30 min later, at which time
32 views over 180° from the right anterior oblique (RAO) to the
left posterior oblique (LPO) positions at 30-40 sec/view were
collected. Thallium-201 SPECT was performed within 1 wk of
the BMIPP study in patients with acute myocardial infarction
(interval from onset =4 wk) and within 2 wk in the remaining
patients. Ten to 15 min after injection of 2.7-3.5 mCi (100-130
MBq) #*'Tl-chloride at rest, SPECT imaging was performed and
32 views of 30 sec each were collected as previously described
(22-24). For the three normal volunteers, only BMIPP SPECT
imaging was performed.

In each SPECT study, a series of transaxial images were
reconstructed using filtered backprojection, after which cardiac
short-axis and long-axis slices perpendicular to the cardiac axes
were reorganized.

Image Analysis

BMIPP and *'T1 SPECT images were read separately and
blindly to analyze the differences in tracer distributions in the left
ventricular myocardium. The left ventricular myocardium was
divided into seven segments (anterobasal, anterior, apical, infe-
rior, posterobasal, septal and lateral) to score BMIPP and °'Tl
uptakes in each segment with the consensus of two experienced
observers using a four-point grading system (3 = normal, 2 =
mildly reduced; 1 = moderately reduced and 0 = absent). The
agreement rate between the two observers was 87% (170/196
segments) for the BMIPP images and 91% (178/196) for the °'T1
images. When the score in each segment was different for both
tracers, the segment was considered to show discordant uptake.
When the score was the same, the segment was considered to
show concordant uptake.

For quantitative analysis of the tracer distributions, the circum-
ferential profile curve was generated from apical to basal short-
axis slices to create a bull’s-eye polar map of 100% as a maximum
count in each 2*'Tl and BMIPP distributions (25). When the
mean counts (%count) of ' Tl and BMIPP in individual segments
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differed by 10% or more, tracer distribution was considered
discordant, whereas distribution was considered concordant when
the mean counts differed less than 10%. When the difference in
distribution was equivocal on visual analysis, these quantitative
criteria were used.

Regional Wall Motion Analysis

Contrast ventriculography in the right and left anterior oblique
projections was performed for each subject to assess regional wall
motion at rest. Three experienced observers scored regional wall
motion in the seven myocardial segments by consensus using a
five-point grading system (3 = normal; 2 = hypokinesis; 1
severe hypokinesis, 0 = akinesis and —1 = dyskinesis).

Statistical Analysis

Chi-square analysis or Fisher’s exact test was used to determine
differences between the proportions of concordance and discord-
ance of the BMIPP and 2°'Tl uptake scores. Wall motion scores
were expressed as mean + standard deviation. Differences in the
wall motion score in each subgroup were compared using analysis
of variance. Probability values of less than 0.05 were considered
to be significant.

RESULTS

Discrepancy

Homogeneous distribution of BMIPP was observed in
the four normal subjects. Since the '*I-BMIPP had a
higher energy photon than *°'Tl, the BMIPP activity in
the septal and inferior wall seems to be slightly higher than
that of 2°'T1 (Fig. 1). The difference in the distribution of
these tracers on the polar map was 8.2% in the septal
region and <7% in the remaining segments.

Of the 28 patients with myocardial infarction, 11 pa-
tients showed similar (concordant) distribution of these
tracers in all segments (Fig. 2), whereas the remaining 17
patients showed less BMIPP uptake than 2°!' Tl (discordant)
in at least one myocardial segment (Figs. 3-4). In each
patient showing discordant BMIPP uptake, the regional
BMIPP uptake was less than the 2°'T1 uptake. There were
no patients showing higher BMIPP uptake compared to
the 2°'T1 uptake.

Of the 196 total segments, 147 segments (75%) showed
the same scores for BMIPP and *'T1 uptake, indicating
concordant distribution. However, the remaining 49 seg-
ments (25%) showed a lower BMIPP uptake score than
201T] score (Table 1). There were no segments showing a
BMIPP score higher than a *'Tl score.

Relationship to Interval from Infarction

When these patients were grouped as those with acute
myocardial infarction with an interval from infarct of
4 wk or less and those with chronic myocardial infarction
with an interval from infarct of more than 4 wk, discordant
BMIPP uptake was observed in 9 of 13 patients with acute
infarction (69%) and in 7 of 15 patients with chronic
infarction (47%).

Of 113 abnormal segments with either 2°' Tl or BMIPP
scores of less than 3, 49 segments (43%) showed less
BMIPP uptake than 2°'Tl (discordant), and the remaining
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FIGURE 1. (Top) A series of short-axis slices of 2°'Tl images
and BMIPP images for a female patient with normal coronary
arteries on angiogram. Homogeneous distributions of 2°'Tl and
BMIPP are noted in the left ventricular myocardium, although
20'T] uptake in the septal wall looks slightly lower, probably due
to greater photon attenuation of 2°'Tl. (Bottom) Bull's-eye polar
maps of 2°'Tl and BMIPP distribution. Thallium-201 uptake in the
septal region was lower than that of BMIPP (difference was
8.2%).

64 segments (57%) showed a similar decrease in BMIPP
and #'Tl uptake (concordant). Discordant BMIPP uptake
was observed in 29 of 49 segments of patients with myo-
cardial infarction (59%) within 4 wk, while discordant
uptake was seen in only 20 of 64 segments of patients with
chronic infarction (31%) (p < 0.01) (Table 2).

Relationship to Revascularization

Ten patients were successfully revascularized in the
acute stage of myocardial infarction by PTCA or intracor-
onary thrombolysis. Eight of them (80%) showed discor-
dant BMIPP uptake in at least one myocardial segment,
whereas 9 of 18 patients (50%) without revascularization
showed discordant BMIPP uptake. Of 113 abnormal seg-
ments, 28 of 38 segments (74%) supplied by revascularized
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FIGURE 2. (Top) A series of short-axis slices of ?°'Tl images
and BMIPP images for a patient with inferior wall myocardial
infarction. A large perfusion defect is observed in the inferior and
lateral regions in resting 2°'Tl images. The distribution of BMIPP
is similar to that of 2°'T], without any discordant distribution.
(Bottom) Bull's-eye polar maps of 2°'Tl ann BMIPP distribution.
The distribution of these tracers is similar.

arteries showed discordant BMIPP uptake, whereas only
21 of 75 segments (28%) without successful revasculari-
zation showed discordant BMIPP uptake (p < 0.01)
(Table 3). When the patients with acute infarction were
selected for analysis, 73% of the revascularized segments
showed discordant BMIPP uptake, whereas 43% of the
nonrevascularized segments showed the discordance
(Table 3).

Relationship to Regional Wall Motion

The BMIPP uptake score correlated well with the re-
gional wall motion score (r = 0.70) (p < 0.01) (Table 4).
When the patients with acute infarction were selected for
analysis, a high correlation (r = 0.76) (p < 0.01) was
obtained between the BMIPP uptake and regional wall
motion scores (Table 5). Table 6 shows the correlation of
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FIGURE 3. (Top) A series of short-axis slices of 2°'Tl images
and BMIPP images of a patient with acute (2.5 wk after onset)
inferior and prior (1 yr after onset) anterior wall myocardial infarc-
tion. A concordant decrease in BMIPP and °'Ti uptake is ob-
served in the anterior regions. BMIPP uptake, however, is se-
verely reduced in the inferior and lateral regions, where 2'Ti
uptake is only slightly reduced (discordant). (Bottom) Bull’'s-eye
polar maps of 2°'TI and BMIPP distribution. The distribution in
the anterior and apical regions is similar, but the BMIPP uptake
in inferior and lateral regions is lower than 2°'Tl (discordant).

the 2°'T1 uptake score with the regional wall motion score
(r = 0.70) (p < 0.01). In the study of patients with acute
infarction, a high correlation (r = 0.72) (p < 0.01) was also
observed between the two groups (Table 7).

These two scores were matched in 109 segments
(group 1) (Table 8). The wall motion score was higher than
the 2°'Tl score in 33 segments (Group 2), while it was
lower in 54 segments (Group 3). Discordant BMIPP up-
take was observed only in 13 segments in Group 1 (12%),
whereas it was seen in 11 segments in Group 2 (33%) (p
< 0.05 versus Group 1) and 25 segments in Group 3 (46%)
(p < 0.01 versus Group 1) (Table 8). When a similar
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FIGURE 4. (Top) A series of short-axis slices of °'Tl images
and BMIPP images of a patient with acute (2 wk) anterior wall
myocardial infarction who was treated by intracoronary throm-
bolysis on admission. BMIPP uptake is severely reduced in the
apical and anterior regions, where 2°'Tl uptake is only slightly
reduced (discordant). (Middie) Bull's-eye polar map of 2°'Tl and
BMIPP distributions. BMIPP uptake in anterior region is lower
than 2°'T (discordant). (Bottom) Contrast ventriculograms at end-
diastole (left) and end-systole (right) in the right anterior oblique
projection show akinetic wall motion in the apical and anterior
regions.

analysis was performed in patients with acute infarction,
this tendency was more striking (Table 9). Discordant
BMIPP uptake was observed only in 5 of the 47 segments
in Group 1 (11%), whereas it was seen in 5 of the 10
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TABLE 1
Relationship of BMIPP and 2°'Tl Uptake Scores in the Total

of Myocardial Segments
BMIPP score
Thallium score 3 2 1 0 Total
3 83 6 4 0 93
2 0 16 20 4 40
1 0 0 22 15 37
0 0 0 0 26 26
Total 83 22 46 45 196

3 = normal; 2 = mildly reduced; 1 = moderately reduced; and
0 = defect.

segments in Group 2 (50%) and 19 of 34 segments in
Group 3 (p <0.01 each versus Group 1) (Table 9).

Of 113 abnormal segments, the mean wall motion score
on contrast ventriculography was similar in segments ex-
hibiting discordant BMIPP uptake (0.78 + 1.31) and con-
cordant BMIPP uptake (0.87 + 1.47, p = ns). However,
when the segments with the same %' Tl uptake score were
selected for analysis, the segments showing discordant
BMIPP had a lower wall motion more than those with
concordant BMIPP uptake for the same 2°' T uptake score
(*'T1 score = 2 and 3) (Fig. 5). Thus, in the areas showing
a similar level of hypoperfusion, wall motion was signifi-
cantly reduced in the areas showing discordant BMIPP
uptake compared to the areas showing concordant BMIPP
uptake.

DISCUSSION

This study shows that BMIPP was accumulated in the
left ventricular myocardium, but the relative concentra-
tion in segments with schemic injury was often less than
that of 2°'T1. The BMIPP uptake score was related to the
severity of the regional wall motion abnormality. More
importantly, a discordant decrease in BMIPP was fre-
quently seen in areas showing a regional wall motion
abnormality with relatively preserved perfusion. Thus, the
discordant decrease in BMIPP uptake may indicate a
persistent metabolic abnormality associated with the fail-

TABLE 2
BMIPP and °'Tl Findings in Abnormal Segments in Relation
to Interval from Onset of Myocardial Infarction

TABLE 3
BMIPP and 'Tl Findings in Hypoperfused Segments in
Patients with and without Revascularization in Acute Stages

of Infarction
Successful
revascularization
BMIPP/TI findings + - Total
BMIPP =TIl 10(7) 54 (13) 64 (20)
BMIPP < Tl 28 (19) 21 (10) 49 (29)
Total 38 (26) 75 (23) 113 (49)
(p < 0.01)

Figures in parentheses denote the number of segments in patients
with acute myocardial infarction.

ure of functional recovery after revascularization, partic-
ularly in patients with acute myocardial infarction.

Technical Considerations

Since free-fatty acids are major energy sources in the
normal myocardium, many attempts have been made to
assess regional fatty acid metabolism with PET and ''C-
palmitate and SPECT and various iodinated fatty acid
compounds (3-14). Most of these studies included clear-
ance kinetic study of straight-chain fatty acid tracers from
the myocardium to assess beta-oxidation of fatty acids.
Iodine-123-iodophenyl pentadecanoic acid (IPPA) has
been investigated in patients with ischemic heart disease
(26-29). These studies indicated a heterogeneous distri-
bution of IPPA different from that of °'Tl perfusion.
However, since incorporated IPPA was cleared from the
myocardium over time, the IPPA and 2°'Tl findings may
become inconsistent, particularly when studies are re-
corded with SPECT using a rotating gamma camera, where
at least 15-20 min are required for one set of images. To
eliminate this technical problem, a methyl-branched fatty
acid analog, BMIPP, has been developed (1/-12). The
improved extraction and prolonged residence time of mod-
ified fatty acid analogs are desirable for SPECT imaging.
In this study, excellent SPECT images were obtained with

TABLE 4
BMIPP Uptake Scores in Relation to Wall Motion Scores in
196 Segments

Wall motion score

BMIPP score 3 2 1 0/-1 Total
BMIPP/Ti findings ~ <4wk  >4wk

3 66 16 0 1 83
BMIPP =TI 20 44 64 2 1" 5 2 4 22
BMIPP < TI 29 20 49 1 1 n 7 17 46
0 4 4 6 31 45

Total 49 64 113
(p<0.01) Total 92 36 15 53 196
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TABLE 5
BMIPP Uptake Scores in Relation to Wall Motion Scores in
Patients with Acute Myocardial Infarction

TABLE 7
Thallium-201 Uptake Scores in Relation to Wall Motion
Scores in Patients with Acute Myocardial Infarction

Wall motion score Wall motion score
BMIPP score 3 2 1 0/-1 Total Thallium score 3 2 1 0/-1 Total
3 32 9 0 1 42 3 34(2) 9(0) 0(0) 32 464
2 6 0 1 2 9 2 6(2) 38 2(1) 88 19(14)
1 2 3 3 10 18 1 1(1) 22 30 12(@®) 18(11)
0 1 2 2 17 22 0 0(0) 00 1) 7() 8(0)
Total 41 14 6 30 91 Total 41(5) 14(5) 6(1) 30(18) 91(29)

a rotating gamma camera. However, the mechanism for
retention of this tracer in the myocardium needs to be
clarified. In addition, since its distribution is greatly influ-
enced by regional myocardial blood flow, a combined
assessment of the distribution of BMIPP and *°'T1 should
be performed.

Since the photon energy of '*I is higher (159 keV) than
that of 2°'T1 (69-80 keV), the attenuation of '*I tracers in
the body is substantially lower than that of °'Tl. Thus,
the distribution of BMIPP in septal and inferior regions
looked higher than that of 2'Tl, as indicated in Figure 1.
BMIPP and 2°'T1 should be compared carefully to avoid
misinterpretation based on this physical characteristic. For
objective analysis of the distribution, a bull’s-eye polar
display was used. When the difference of the distribution
was equivocal with visual analysis, this quantitative analy-
sis was used. Distribution was considered discordant when
differences in distribution were 10% or greater on this
map.

Potential Uptake Mechanisms

Methyl branching of a fatty acid is thought to provide
protection against metabolism by beta-oxidation (15-19).
The initial uptake of BMIPP is largely determined by
regional myocardial blood flow and it is incorporated into
the endogenous lipid pool. Since this compound is esteri-
fied to triglycerides, it may reflect the size of the endoge-

TABLE 6
Thallium-201 Uptake Scores in Relation to Wall Motion
Scores in 196 Segments

Wall motion score

Thalum score 3 2 1 0/~1  Total
3 71(5) 17(1)) 0@ 5(@4) 93(10)
2 16(7) 1@ 3(1) 1009 40(24)
1 42 6@ 8(1) 19(10) 37(15)
0 100 20 4(0) 19(0) 26(0)
Total 92(14) 36(10) 15(2) 53(23) 196 (49)

Figures in parentheses denote the number of segments exhibiting
discordant BMIPP uptake.
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Figures in parentheses denote the number of segments exhibiting
discordant BMIPP uptake.

nous neutral lipid pool, such as triglycerides (/5). Our
previous experiments suggested a close correlation between
BMIPP uptake and triglyceride synthesis (30) and ATP
concentration (21). Thus, BMIPP distribution may pro-
vide comprehensive information of a certain metabolic
function.

Since Yonekura et al. first reported a difference in the
distribution of a methyl-branched fatty acid from that of
20'T] in hypertensive rats (3/,32), various experiments
have shown a discrepant distribution of BMIPP from 2°'Tl
in occlusion-reperfusion (33,34) and in cardiomyopathy
hamster models (20). These data indicate that BMIPP
distribution may reflect metabolic alterations rather than
mere perfusion in various disease conditions. In their
preliminary clinical study (35), Saito et al. showed greater
methylated fatty acid uptake than 2'T1 uptake in several
patients with unstable angina, possibly due to increases in
the triglyceride pool in ischemic tissue. The prolonged
reperfusion, however, may possibly decrease the net ex-
traction fraction and increase in the back-diffusion of
BMIPP, particularly in patients with myocardial infarc-
tion. Knabb et al. (36) and Schwaiger et al. (37) also
observed a delayed recovery of !''C-palmitate uptake in
relation to blood flow at 2-4 wk of reperfusion.

Relationship to Regional Wall Motion

Generally, there is a close relationship between regional
perfusion and function during coronary occlusion in ani-
mal and human studies (38,39), although transmural and
lateral extents often extend beyond this size of perfusion
deficits (40). On the other hand, reperfused viable myo-
cardium often displays a prolonged mechanical dysfunc-
tion, so called “stunned myocardium” (47). PET studies
indicated sustained metabolic abnormalities under exper-
imental and clinical conditions, including suppressed fatty
acid utilization and enhanced glucose utilization (37,42,
43). MR spectroscopy studies showed an impaired energy
metabolism in postischemic ventricular dysfunction (44,
45). The tissue ATP content was also reported to be
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TABLE 8
Thallium-201 (T1) and Wall Motion Scores in Relation to Discordant BMIPP Uptake in 196 Segments

Group Scores BMIPP < TI BMIPP =TI Total
1 TI = wall motion 13 (12%) 96 (88%) 109 (100%)"t
2 TL < wall motion 11 (33%) 22 (67%) 33 (100%)"
3 T1 > wall motion 25 (46%) 29 (54%) 54 (100%)"

Total 49 (25%) 147 (75%) 196 (100%)

(*p < 0.05, 'p < 0.01)

significantly decreased in relation to postischemic dys-
function (46,47).

This study in patients with myocardial infarction found
a decrease in BMIPP uptake as compared to 2'Tl uptake,
particularly in patients with acute myocardial infarction
and after successful revascularization. Interestingly, such
discordant BMIPP uptake was often observed in the areas
showing a regional wall motion abnormality but relatively
preserved perfusion. Saito et al. (35) showed a lower
uptake for methylated fatty acid analog rather than 2°'Tl
perfusion in patients with acute myocardial infarction after
revascularization therapy who had severe wall motion
abnormality. Our clinical results were consistent with their
findings. Thus, these areas showing discordant BMIPP
uptake are highly likely to include postischemic ventricular
dysfunction or “stunned myocardium” (4/). This discor-
dant BMIPP uptake may reflect decreased pO, levels and
tissue ATP concentrations that may lead to a switch from
fatty acid to glycolytic oxidation despite the restoration of
perfusion.

Potential Limitations

This study sampled a spectrum of patients with infarc-
tions, although our data suggest a higher frequency of
discordant BMIPP uptake within 4 wk of myocardial
infarction. There was a great overlap of regional wall
motion scores in each group. There might be inherent
limitations in comparing the regional wall motion score
in two-dimensional ventriculography with the 2°'T1 uptake
score in three-dimensional SPECT imaging. To minimize
errors in assessing the relationship between perfusion and
wall motion, the left ventricular myocardium was divided
into seven large segments.

The precise uptake mechanisms of BMIPP remains
unknown. It is distributed in the myocardium according
to regional blood flow and subsequently incorporated into
the endogenous lipid pool in the myocardium (75,30).
Therefore, its uptake may not directly reflect beta-oxida-
tion of fatty acids (20,48). Since regional myocardial blood
flow may determine the initial distribution of BMIPP, its
uptake should be compared with regional perfusion by
2'T] imaging. When a comparison was made, the present
study clearly demonstrated differences in the distributions
of BMIPP and *°'Tl.

Clinical Implications

BMIPP provided excellent images of the left ventricular
myocardium. Its distribution was usually similar to that
for °'T1, but it was occasionally lower, particularly in
patients with acute myocardial infarction and those who
had successful revascularization. In addition, such a dis-
crepancy was often observed in areas showing left ventric-
ular dysfunction with relatively preserved perfusion. Thus,
BMIPP may hold promise for identifying metabolic alter-
ations independent of perfusion abnormalities in patients
with myocardial infarction. We conclude that metabolic
imaging with BMIPP and °'Tl may play an important
role in improving our understanding of the relationship
between regional perfusion and wall motion abnormalities
in patients with myocardial infarction.

ACKNOWLEDGMENTS

We wish to thank Shinji Ono, MD, Takehiko Yamada, MD,
Toru Fujita, R.T, Emiko Komori and Hidetomi Ito for technical
assistance throughout this study. We also thank Nihon Medi-
Physics Co., Ltd. for supplying BMIPP. This study is partly

TABLE 9
Thallium-201 (T1) and Wall Motion Scores in Relation to Discordant BMIPP Uptake in Patients with Acute Myocardial
Infarction
Group Scores BMIPP < TI BMIPP =TIl Total
1 TI = wall motion 5 (11%) 42 (89%) 47 (100%) ]
2 Ti < wall motion 5 (50%) 5 (50%) 10 (100%) ]
3 T1 > wall motion 19 (56%) 15 (44%) 34 (100%)
Total 29 (32%) 62 (68%) 91 (100%)
(*p < 0.01)

Fatty Acid Imaging in Myocardial Infarction * Tamaki et al

665



WALL MOTION SCORE IN RELATION TO
THALLIUM SCORE

motion
score

BMIPP/TL
findings
| B concordant
| discordent

* p<0.08

FIGURE 5. Wall motion score in relation to BMIPP/?'T| find-
ings. Each bar represents means and one standard deviation of
the wall motion score.

supported by a grant-in-aid from the Ministry of Education,
Science and Culture, Tokyo, Japan.

REFERENCES

2.

Opie LH. Metabolism of the heart in health and disease. Am Heart J 1968;
76:685.

Neely JR, Rovetto MJ, Oram JF. Myocardial utilization of carbohydrate
and lipids. Prog Cardiovasc Dis 1972;15:685-698.

. Weiss ES, Hoffman EJ, Phelps ME, et al. External detection and visuali-

zation of myocardial ischemia with ''C-palmitate in vitro and vivo. Cir

. Res 1976;39:24-32.
. Sobel BE, Weiss ES, Welch MJ, et al. Detection of recent myocardial

infarction in patients with patients with positron emission transaxial and
intravenous ''C-palmitate. Circulation 1977;55:851-854.

. Schon HR, Schelbert HR, Robinson G, et al. C-11-labeled palmitic acid

for the noninvasive evaluation of regional myocardial fatty aid metabolism
with positron-computed tomography. I. Kinetics of C-11-palmitate in
normal myocardium. Am Heart J 1982;532-548.

. Schon HR, Schelbert HR, Najafi A, et al. C-11-labeled palmitic acid for

the noninvasive evaluation of regional myocardial fatty aid metabolism
with positron-computed tomography. II. Kinetics of C-11-palmitate in
acutely ischemic myocardium. Am Heart J 1982;103:548-561.

. Schelbert HR, Hense E, Schon HR, et al. C-11-labeled palmitic acid for

the noninvasive evaluation of regional myocardial fatty acid metabolism
with positron-computed tomography. IIl. In vivo demonstration of the
effects of substrate availability on myocardial metabolism. Am Heart J
1983;105:492-504.

. van der Wall EE, Heidendal GAK, den Hollander W, Westera G, Roos

JP. 1-123-labeled hexadecanoic acid in comparison with thallium-201 for
myocardial imaging in coronary artery disease. Eur J Nucl Med 1983;6:
391-396.

. Machulla JH, Marsmann M, Dutschka K. Biochemical concept and syn-

thesis of a radioiodinated phenylfatty acid for in vivo metabolic studies of
the myocardium. Eur J Nucl Med 1980;5:171-173.

. Otto CA, Brown LE, Wieland DM, Beerwaltes WH. Radioiodinated fatty

acids for myocardial imaging: effects of chain length. J Nuc/ Med 1981;
22:613-618.

. Goodman MM, Kirsh G, Knapp FF Jr. Synthesis and evaluation of

radioiodinated terminal p-iodophenyl-substituted alpha- and beta-methyl-
branched fatty acids. J Med Chem 1984;27:390-397.

. Livni E, ElImaleh DR, Barlai-Kovach MM, Goodman MM, Knapp FF Jr,

Strauss HW. Radioiodinated beta-methyl phenyl fatty acids as potential
tracers for myocardial imaging and metabolism. Eur Heart J 198S;
6(suppl B):85-89.

. Schon HR, Senekowitsch R, Berg D, et al. Measurement of myocardial

fatty acid metabolism: kinetics of iodine-123-hepadecanoic acid in normal

666

16.

17.

18.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

31

33.

34.

3s.

dog hearts. J Nucl Med 1986,27:1449-1455.

. Reske SN, Sauer W, Machulla H. Metabolism of 15-(p-I-123)iodophenyl

pentadecanoic acid in heart muscle and noncardiac tissue. Eur J Nucl Med
1985;10:228-234.

. Knapp FF Jr, Ambrose KR, Goodman MM. New radioiodinated methyl-

branched fatty acids for cardiac studies. Eur J Nucl Med 1986;12:
S$39-S44.

Ambrose KR, Owen BA, Goodman MM, Knapp FF Jr. Evaluation of the
metabolism in rat heart of two new radioidinated 3-methyl-branched fatty
acid myocardial imaging agents. Eur J Nucl Med 1987;12:486-491.
Ambrose KR, Owen BA, Callahan J, et al. Effects of fasting on the
myocardial subcellular distribution and lipid distribution of terminal p-
iodophenyl-substituted fatty acids in rats. Nuc/ Med Biol 1988;15:
695-700.

DeGrado TR, Holden JE, Chin KN, et al. 8-methyl-15-p-iodophenylpen-
tadecanoic acid metabolism and kinetics in the isolated rat heart. Eur J
Nucl Med 1989;15:78-80.

. Fink GD, Montgomery JA, David F, et al. Metabolism of S-methyl-

heptadecanoic acid in the perfused rat heart and liver. J Nuc/ Med 1990;
31:1823-1830.

Kurata C, Kobayashi A, Yamazaki N. Dual-tracer autoradiographic study
with thallium-201 and radioiodinated fatty acid in cardiomyopathic ham-
sters. J Nucl Med 1989;30:80-87.

Fujibayashi Y, Yonekura Y, Takemura Y, et al. Myocardial accumulation
of iodinated beta-methyl-branched fatty acid analogue, iodine-125-15-(p-
iodophenyl)-3«R,S) methyl pentadecanoic acid (BMIPP), in relation to
ATP content. J Nucl Med 1990;31:1818-1822.

Tamaki N, Mukai T, Ishii Y, et al. Comparative study of thallium emission
myocardial tomography with 180° and 360° data collection. J Nucl Med
1982;23:661-666.

Nohara R, Kambara H, Suzuki Y, et al. Stress thallium-201 using single-
photon emission computed tomography (SPECT) in the evaluation of
ischemic heart disease. J Am J Cardiol 1984;53:1250-1254.

Tamaki N, Yonekura Y, Mukai T, et al. Stress thallium-201 transaxial
emission computed tomography; quantitative versus qualitative analysis
for evaluation of coronary artery disease. J Am Coll Cardiol 1984;4:
1213-1221.

Garcia EV, VanTrain K, Maddahi J, et al. Quantification of rotational
thallium-201 myocardial tomography. J Nuc/ Med 1985;26:17-26.
Kennedy PL, Corbett JR, Kulkarni PV. I-123 phenylpentadecanoic acid
myocardial scintigraphy; usefulness in identifying myocardial ischemia.
Circulation 1986;74:1007-1015.

Hansen CL, Corbett JR, Pippin JJ, et al. lodine-123 phenylpentadecanoic
acid and single photon emission computed tomography in identifying left
ventricular regional metabolic abnormalities in patients with coronary
heart disease: comparison with thallium-201 myocardial tomography. J
Am Coll Cardiol 1988;12:78-87.

Kahn JK, Pippin JJ, Akers MS, Corbett JR. Estimation of jeopardized left
ventricular myocardium in symptomatic and silent ischemia as determined
by iodine-123 phenylpentadecanoic acid rotational tomography. Am J
Cardiol 1989;63:540-544.

Vyska K, Machulla HJ, Fagbender D. Regional myocardial free fatty acid
extraction in normal and ischemic myocardium. Circulation 1988;78:
1218-1233.

. Fujibayashi Y, Yonekura Y, Kawai C, et al. Basic studies on I-123-beta-

methyl-p-iodophenyl pentadecanoic acid (BMIPP) for myocardial func-
tional diagnosis: effect of beta-oxidation inhibitor. Jpn J Nucl Med 1988;
25:1131-1135.

Yonekura Y, Brill AB, Som P, et al. Regional myocardial substrate uptake
in hypertensive rats: a quantitative autoradiographic measurement. Science
1985;227:1494-1496.

. Yamamoto K, Som P, Brill AB, et al. Dual-tracer autoradiographic study

of beta-methyl (I-'“C) heptadecanoic acid and 15-p-('*'I)-iodophenyl-beta-
methyl pentadecanoic acid in normotensive and hypertensive rats. J Nuc/
Med 1986;27:1178-1183.

Nishimura T, Sago M, Kihara K. Fatty acid myocardial imaging using '*’I-
B-methyl-iodophenyl pentadecanoic acid (BMIPP): comparison of myocar-
dial perfusion and fatty acid utilization in canine myocardial infarction
(occlusion and reperfusion model). Eur J Nucl Med 1989;15:341-345.
Miller DD, Gill JB, Elmaleh D, Arez T, Boucher CA, Strauss HW. Fatty
acid analogue accumulation: a marker of myocite viability in ischemic-
reperfused myocardium. Circ Res 1988;63:681-692.

Saito T, Yasuda T, Gold HK, et al. Differentiation of regional perfusion
and fatty acid uptake in zones of myocardial injury. Nuc/ Med Commun
1991;12:663-675.

The Journal of Nuclear Medicine ¢ Vol. 33 ¢ No. 5 « May 1992



36. Knabb RM, Bergmann SR, Fox KAA, Sobel BE. The temporal pattern of Coll Cardiol 1985;6:311-320.
recovery of myocardial perfusion and metabolism delineated by positron  43. Tamaki N, Yonekura Y, Ohtani H, et al. Change in gluconse utilization

emission tomography after coronary thrombolysis. J Nucl Med 1987, after coronary bypass surgery: assessment with positron tomography using
1563-1570. F-18 deoxyglucose [Abstract) Circulation 1989;80:377.

37. Schwaiger M, Schelbert HR, Ellison D, et al. Sustained regional abnor-  44. Guth BD, Martin JF, Heusch G, Ross J Jr. Regional myocardial blood
malities in cardiac metabolism after transient ischemia in the chronic dog flow, function and metabolism using phosphorus-31 nuclear magnetic
model. J Am Coll Cardiol 1985;5:336-347. resonance spectroscopy during ischemia and reperfusion in dogs. J Am

38. Hansen AM, Ganadharan V, Ramos RG, Gordon S, Timmis GC. Sequence Coll Cardiol 1987;10:673-681.
of mechanical electrocardiographic and clinical effects of repeated coronary ~ 45. Camacho SA, Lanzer P, Toy BJ, et al. In vivo alteration of high energy
artery occlusion in human beings: echocardiographic observation in coro- phosphates and intracellular pH during reversible ischemia in pigs: a *'P
nary angioplasty. J Am Coll Cardiol 1985;5:193. magnetic resonance spectroscopy study. Am Heart J 1988;116:701-708.

39. Cohn PF, Herman MYV, Gorlin R. Ventricular dysfunction in coronary  46. Taegtmeyer H, Roberts AFC, Raine AEG. Energy metabolism in perfused
artery disease. Am J Cardiol 1974;33:307-310. heart muscle: metabolic correlates to return of function. J Am Coll Cardiol

40. Kerber RE, Marcus ML, Erhardt J, et al. Correlation between echocardi- 1985;6:864-870.
ographically demonstrated segmental dyskinesis and regional myocardial ~ 47. Neely JR, Grotyohann LW. Role of glycolitic products in damage to
perfusion. Circulation 1975;52:1097-1106. ischemic myocardium: dissociation of adenosine triphosphate levels and

41. Braunwald E, Kloner RA. The stunned myocardium: prolonged, postische- recovery of function of reperfused ischemic heart. Circ Res 1984;55:
mic ventricular dysfunction. Circulation 1982;60:1146-1149. 816-824.

42. Schwaiger M, Schelbert HR, Keen R, et al. Retention and clearance of C-  48. Otto CA, Brown LE, Scott AM. Radioiodinated branched-chain fatty acids:
11 palmitic acid in ischemic and reperfused canine myocardium. J Am substrates for beta oxidation? J Nucl Med 1985;25:75-80.

CORRECTION

In the March 1992 issue of the Journal, Table 1 in the article, “Synthesis, Rodent Biodistribution, Dosimetry,
Metabolism, and Monkey Images of Carbon-11-Labeled (+)-2a-Tropanyl Benzilate: A Central Muscarinic Imaging
Agent,” by Mulholland et al. was printed incorrectly. The corrected table is shown below.

TABLE 1
Regional Brain Distribution of [''C]JTRB in Rodents
Mouse
Rat (n = 3-5) o =11)
Tissue kg %dose/g"
30 min 30 min
2 min 20 min 30 min QNB Scopolamine 60 min 90 min 60 min
block block
Striatum 037 £0.05 0.62 +0.076 0.52 + 0.02 0.061 + 0.008 0.064 + 0.002 0.71 £0.097 0.74 £0.04 0.326 + 0.042
Cortex 0.41 £0.075 0.72 + 0.043 0.52 + 0.04 0.062 + 0.008 0.071 + 0.006 0.61 +0.07  0.59 + 0.061 0.262 + 0.069
(whole)
Cerebellum 023+0.05 0.17 +£0.015 0.1 + 0.009 0.045 + 0.005 0.051 + 0.004 0.084 + 0.012 0.072 + 0.005 0.025 + 0.003
Blood 0.048 + 0.001 0.026 + 0.005 0.02 + 0.001 0.019 + 0.002 0.027 + 0.002 0.022 + 0.002 0.024 + 0.002 0.015 + 0.001
Striatium/ 1.7+024 369+025 54+052 134+006 126+0.17 849+042 103x0.6 127 £3.2
Cerebellum

%ID/brain 293+045 4.03+031 37+047 0.57+0.053 0.66+0006 334+027 3.11x05 4.29 + 0.06

* Data are given as the mean + standard deviation.
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