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Combined study with I-123 fatty acid and thallium-201 to assess ischemic

myocardium: Comparison with thallium redistribution
and glucose metabolism
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To assess the clinical value of combined SPECT imaging with I-123-15-(p-iodophenyl)-3-methyl
pentadecanoic acid (BMIPP) and thallium-201 (TI), the findings were compared with those
obtained in a stress Tl study and positron emission tomography (PET) with fluorine-18-
fluorodeoxyglucose (FDG) in 22 patients with myocardial infarction.

In 20 patients who underwent a stress Tl study, among 75 hypoperfused segments, 27 segments
exhibited less BMIPP uptake than T1 (discordant segments), and the remaining 48 segments showed
asimilar decrease in BMIPP uptake (concordant segments). Twenty-two of 27 discordant segments
(81%) exhibited redistribution on stress T1 study. On the other hand, only one of the 48 concordant
segments had redistribution (p < 0.001).

In 10 patients who underwent a FDG PET study, among 33 hypoperfused segments, seven
segments were discordant segments, and the remaining 25 segments were concordant segments.
Seven of the eight discordant segments (88%) demonstrated an increase in FDG uptake. In contrast,
only five of 25 concordant segments (20%) showed increase in FDG uptake (p < 0.01).

Thus, the segments showing discordant BMIPP uptake are considered to be ischemic but viable
myocardium. We conclude that combined imaging with BMIPP and Tl is a useful mean for
evaluating tissue viability in patients with coronary artery disease, but it may underestimate the

extent of tissue viability, compared with FDG PET imaging.

Key words: single photon emission computed tomography, 1-123 BMIPP, thallium-201,
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INTRODUCTION

MYOCARDIAL METABOLIC IMAGING has the potential for
early detection of the myocardial alteration and assess-
ment of tissue viability in patients with ischemic heart
disease. Since fatty acids are a major energy source for
the normal myocardium,' a variety of iodinated fatty
acid compounds have been introduced in order to probe
the regional fatty acid metabolism in vivo.>* Among them,
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iodine-123-1abeled B-methyl iodophenyl pentadecanoic
acid (BMIPP) is a promising agent for myocardial SPECT
imaging, because it is metabolically trapped in the
myocardium due to its methyl branching.*”

We recently reported that BMIPP imaging showed a
decrease in BMIPP uptake compared to Tl in some myo-
cardial areas in patients with coronary artery disease.
Such discordant BMIPP uptake was observed more often
in areas of acute myocardial infarction and areas supplied
by revascularized arteries.?

Stress Tl myocardial imaging is valuable for identify-
ing reversible myocardial ischemia.®'> However, it may
underestimate reversible myocardial areas when the de-
layed scan fails to show definite redistribution.' Persist-
ent glucose utilization has been observed in some of those
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areas in PET studies with FDG.'*"

We hypothesize that a combined study with BMIPP
and Tl imaging may improve the detection of reversible
ischemia. In order to evaluate the usefulness of this
technique for assessing tissue viability, it was performed
in patients with myocardial infarction and the findings
were compared with those from a stress Tl study and
FDG-PET.

MATERIALS AND METHODS

Study population

A combined study with BMIPP and Tl was performed in
22 patients with myocardial infarction. Myocardial
infarction was diagnosed on the basis of a history of acute
myocardial infarction with an increase in cardiac en-
zymes, typical precordial symptoms, and Q-waves on the
electrocardiograms. The interval from the most recent
onset of infarction ranged from 2 weeks to 1 year. The age
ranged from 29 to 73 years, with a mean of 61.9 years.
There were four female and 18 male patients. Of these, 20
patients were randomly selected for the stress Tl study,
and 10 were selected for the FDG PET study. The TI
studies and PET studies were performed within 2 weeks
of the BMIPP study. Informed written consent approved
by the Kyoto University Clinical Study Committee was
obtained prior to enrollment in the study.

Radiopharmaceuticals

BMIPP was prepared and supplied by Nihon Medi-Phys-
ics Co., Ltd. The BMIPP contained 111 MBq (3 mCi) of
[-123-labeled 15-(paraiodophenyl)-3(R,S)-methyl
pentadecanoic acid (0.6 mg) dissolved in 10.5 mg of urso-
deoxycholic acid as a solvent.®

BMIPP and Tl imaging

Single photon emission computed tomography (SPECT)
was performed with a rotating gamma camera equipped
with a low-energy, general-purpose collimator (Starcam
2000; General Electric; Milwaukee, Wisconsin), collect-
ing 32 views over 180 degrees from the right anterior
oblique position to left posterior oblique position, taking
30 seconds per view.

BMIPP SPECT was performed after an overnight fast.
SPECT imaging started 30 minutes after the injection of
111 MBq (3 mCi) of BMIPP.

T1 SPECT imaging at rest was started 10 to 15 minutes
after an injection of 111 MBq (3 mCi) of TI-201 chloride.

Stress and delayed TI SPECT images were obtained for
20 patients. The procedure for stress TI SPECT imaging
has been fully described elsewhere.'® Briefly, patients
underwent graded bicycle exercise starting at a 25-watt
workload with 25-watt increments every 3 min. Approxi-
mately 111 MBq (3 mCi) of T1-201 chloride was injected
at peak exercise, and the exercise was continued for
another minute. SPECT imaging began within 10 min.
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after the tracer injection. The patients were asked to
remain sedentary and refrain from eating any carbohy-
drate meals for the 3-hr. interval between their initial and
delayed thallium scans.

A series of transaxial slices was reconstructed by filtered
back projection without attenuation correction. Oblique
tomograms parallel to the long- and short-axis of the left
ventricle were also reconstructed.'®

FDG PET

The PET study was performed in 10 patients with a whole-
body, multislice positron camera (Positologica I1I; Hitachi
Medico Co.; Tokyo, Japan) with 4 rings providing 7
tomographic slices at | 6-mm intervals.'” Each patient was
studied in the fasting condition for at least 5 hr. to maintain
a steady-state during the PET study.'® The patients were
positioned on the PET camera by the ultrasound tech-
nique. Transmission scanning was performed for 20 min-
utes for accurate correction of the photon attenuation.
Sixty minutes after an injection of 185 MBq of F-18 FDG,
a 15 minutes static image was obtained."

From a series of transverse slices, oblique tomograms
parallel to the long- and short-axis of the left ventricle
were also reconstructed for comparison with the SPECT
images.'8

Image analysis

The left ventricular myocardium was divided into seven
segments (anterobasal, anterior, apical, inferior, postero-
basal, septal and lateral).®* BMIPP and TI uptakes were
scored by two experienced nuclear physicians with a 4-
point grading system for each segment (3 = normal, 2 =
mild reductions, 1 = moderate reductions, 0 = severe re-
ductions).?

In the stress Tl study, when the score increased by one
or more on the delayed scan, the segment was considered
to have redistribution. When the score was unchanged on
the delayed scan, the segment was considered to be a
persistent defect.

In the combined study with BMIPP and TI, the BMIPP
score was compared with the TI score at rest in the
corresponding segment. When the BMIPP score was
equal to the T1 score, the segment was considered to be a
concordant segment. When the BMIPP score was smaller
than the Tl score, the segment was considered to be a
discordant segment. In this study, none of the segments
showed a BMIPP score which was greater than the Tl
score.

The FDG PET images were compared with the TI
perfusion images at rest in corresponding segments.
Hypoperfused segments defined by the Tl study were
divided into two groups based on the FDG uptake. The
FDG uptake was quantitatively measured as the percent of
the injected dose per 100 m/ of tissue (%ID/100 ml) in
each segment.' The hypoperfused segments with FDG
uptake which increased above the normal range were
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Table 1 Relationship of BMIPP and Tl uptake scores in
the total of myocardial segments

BMIPP score

Tl score — —
3 2 1 0 Total
3 76 3 0 0 79
2 0 16 13 3 30
1 0 0 16 9 25
0 0 0 0 18 18
Total 76 19 29 30 154

3 =normal; 2 = mildly reduced; 1 = moderately reduced;
0 = severe reduced

Table 2 Number of segments on BMIPP/TI imaging in
relation to stress TI study

BMIPP/TI Stress Tl findings
e Redistribution (+) Redistribution ()
 Discordant 27 S G R v
il R, O R LA
Total 75 23 52

Table 3 Number of segments on BMIPP/TI combined
imaging in relation to PET findings

PET findings

BMIPP/TI findings e e
PET ischemia PET scar
Discordant (BMIPP < Tl) 8 7 |
Concordant (BMIPP=TIl) 25 5 20
Total 33 12 21

defined as PET ischemia, while those with no increase in
FDG uptake were defined as PET scar.?***> The normal
range of FDG uptake was determined in each segment as
the mean £ 2 s.d. of the FDG uptake in eight normal
subjects. The upper limit was approximately 0.7%1D/100
m/in the septal, anterior and apical regions and 0.85%ID/
100 m/ in the lateral and inferior regions."

Statistical analysis

Comparisons of proportions were performed by chi-square
analysis. Probability values of <0.05 were considered
significant.

RESULTS

BMIPP and Tl findings at rest (Table 1)

Of the total 154 segments, 78 segments showed perfusion
abnormalities on the Tl scan atrest. Of those, 50 segments
(64%) showed the same scores in the BMIPP and TI
uptakes, indicating concordant distribution. whereas 28
segments (36%) showed a lower BMIPP score than the T1
score, indicating discordant uptake. None of the segments
showed a higher BMIPP score than the Tl score.
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Fig. 1 75-year-old man with antero-septal and inferior MI
after 21 weeks from onset. Coronary arteriogram revealed 99%
stenosis of LAD #7 and LCX #12 and 90% stenosis of RCA #2.
Left ventriculogram showed dyskinesis of Seg. 3 and hypo-
kinesis of Seg. 4. A series of short-axis slices of BMIPP and
TI images at rest (Top), and stress and delayed Tl images
(Bottom). Decreased uptake of both BMIPP and Tl are observed
in antero-septal and inferior wall. But BMIPP uptake is less
than Tl uptake in inferior region. Redistribution is observed in
inferior and lower septal region.

Comparison with stress Tl study (Table 2)

In the stress TI study of 20 patients, 75 segments showed
perfusion abnormalities on the initial scan. Twenty-seven
segments showed discordant BMIPP uptake, and the
remaining 48 segments showed concordant BMIPP up-
take. Redistribution on the delayed scan was observed in
22 of the 27 discordant segments (81%) (Fig. 1), but in
only one of the 48 concordant segments (p < 0.001). On
the other hand, no redistribution was observed in 47 of the
48 concordant segments and also in five of the 27 discord-
ant segments (Fig. 2).

Comparison with FDG PET (Table 3)

The FDG PET findings were normal in 37 segments but
indicated PET ischemia in 12 segments and PET scar in
21 segments. Seven of eight segments (88%) which
showed discordant BMIPP uptake were PET ischemia
(Figs. 2 and 3), and the remaining one segment was PET
scar. On the other hand, 20 of 25 (80%) segments with
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Fig.2 A) 62-year-old man with lateral MI after 4 weeks from

onset. Coronary arteriogram revealed 90% stenosis of LCX #11.

¥ o 0 c ﬂ Wall motion was almost normal in left ventriculogram. A series
of short-axis and axial slices of BMIPP images (Top) and Tl
images (Bottom). BMIPP uptake is less than Tl uptake in the
lateral region. B) A series of short-axis and axial slices of stress
0 0 o o Tlimages (Top) and delayed Tl images (Bottom) from the same
- ' » patient. No redistribution is observed in lateral wall. C) A series

: of axial (Top) and horizontal long-axis (Bottom) slices of FDG

PET images from the same patient. FDG uptake is observed in

’? f!a ,@ ’ the lateral wall.

short axis

axial

11 (BThESH) concordant BMIPP/TI uptake were PET scar (Fig. 4).

However, the remaining five segments (20%) showing

s . ; concordant uptake had persistent metabolic activity on
, & " o FDG PET.

short axis DISCUSSION
b ﬂ ﬁ '@ The present study demonstrates that less BMIPP uptake

than thallium uptake (discordant uptake) was occasion-
ally observed in patients with myocardial infarction, and
{‘ such segments are likely to show redistribution in a stress
v Tl study and increased FDG uptake on PET study. These
data indicate that segments exhibiting discordant BMIPP
uptake may represent ischemic but viable myocardium.
B Regarding the detection of ischemic myocardium in

Tl (DELAYED)
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Fig. 3 61-year-old woman with inferior MI after 20 months
from onset. Coronary arteriogram revealed 100% stenosis of
RCA #2 with collateral circulation from LAD and LCX. Left
ventriculogram showed hypokinesis of Seg. 4 and Seg. 5. A
series of vertical long-axis slices of BMIPP images (Top) and Tl
images (Middle), and a series of axial slices of FDG PET images
(Bottom). BMIPP uptake is less than Tl uptake in the inferior
region, where FDG uptake was observed on PET images.

infarcted areas, FDG PET seems to be the most sensitive
among these three techniques, followed by combined
imaging with BMIPP ant T, and stress-redistribution TI
scan.

Possible uptake mechanism of BMIPP

Following the administration of BMIPP, it is trapped in
the myocardium according to regional myocardial blood
flow, and itis incorporated into the endogenous lipid pool.
The methyl-branched fatty acid tracer, BMIPP, is thought
to be protected from metabolism by B-oxidation.*” There-
fore, it may reflect fatty acid uptake and the size of the
endogenous lipid pool rather than B-oxidation of fatty
acids. Our previous experiments suggested a close corre-
lation between BMIPP uptake and triglyceride synthesis
and the ATP concentration.?>?*

In addition, a number of experimental studies reported
discordant distribution between methyl-branched fatty
acids and T1-201 in hypertensive rats,”?® in occlusion-
reperfusion models,”” and in cardiomyopathy hamster
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Fig.4 60-year-old man with antero-septal MI after 13 months
from onset. Coronary arteriogram revealed 90% stenosis of
LAD #6. Left ventriculogram showed dyskinesis of Seg. 2 and
Seg. 3 and akinesis of Seg. 6. A series of short-axis and
horizontal long-axis slices of BMIPP images (Top) and TI
images (Bottom). Both images show concordant distribution.
This case showed no significant FDG uptake in the PET study.

models.”® These data indicate that the distribution of
BMIPP may provide some comprehensive information
regarding myocardial metabolic function, although it is
largely dependent on the regional blood flow. To enhance
the metabolic information, the BMIPP uptake should be
compared with the thallium distribution. Saito etal. showed
greater methylated fatty acid uptake than T1-201 uptake in
several patients with unstable angina,” possibly due to an
increase in the triglyceride pool in the ischemic tissue. But
in the current study, none of the patients showed greater
BMIPP uptake than T1-201 uptake. In the chronic phase of
myocardial infarction, however, the prolonged ischemia
and reperfusion may decrease the net extraction fraction
and increase the back-diffusion of BMIPP. Our first
clinical results also supported this concept.?

Comparison with Tl redistribution

Stress T1studies were valuable for assessing tissue viabil-
ity in patients with coronary artery disease. However, the
myocardial segments without redistribution often contain
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ischemic tissue whose regional function improves after
revascularization.'>!?

To improve the detection of ischemic but viable myo-
cardium, various techniques have been developed, such
asreinjection imaging™*' and 24-hr. delayed imaging.*>*
Inthis study, we proposed combined imaging with BMIPP
and Tl study as one such technique. Tt identified approxi-
mately 10% of the segments without redistribution as
ischemic myocardium. However, whether the segments
showing discordant BMIPP uptake are capable of im-
proved regional function after revascularization remains
to be clarified.

Comparison with metabolic activity
The myocardial segments with an increase in FDG uptake
are likely to show improved regional function after coro-
nary bypass surgery.”"*> Sochor et al., in an experimental
study,™ showed that preservation of metabolic activity
correlated with the histologic presence of residual viable
myocardium. Thus, segments with FDG uptake are con-
sidered to be mainly myocardium withreversible ischemia.
In our present study comparing BMIPP imaging with
the FDG PET findings, most of the segments with discord-
ant BMIPP uptake had preserved metabolic activity on the
FDG PET. Therefore, segments with discordant BMIPP
uptake may be considered to be reversible ischemic myo-
cardium. In such segments, ischemia may cause suppres-
sion of the utilization of fatty acids and conversion of
energy sources from fatty acids to glucose. In concordant
segments, on the other hand, the utilization of both fatty
acids and glucose may be suppressed. However, some
segments without discordant BMIPP uptake still showed
persistent metabolic activity on FDG PET. A number of
potential reasons are considered for the higher detectability
of ischemic myocardium by FDG PET. The higher reso-
lution and higher count density of FDG PET can identify
metabolic alternation in ischemia. In addition, while
SPECT images were evaluated visually, the PET images
were quantitatively evaluated. Furthermore, FDG PET
can identify ischemia as an increased uptake, whereas
BMIPP may show the lesion as a decreased uptake. Thus,
combined imaging with BMIPP and Tl seems to be useful
for assessing tissue viability, but it still may underesti-
mate the extent of the viable myocardium compared with
FDG PET.

Limitations
The present study involves a comparison of combined
imaging with BMIPP and TI with stress-delayed TI
imaging, but not stress-reinjection imaging nor rest-stress
Tlimaging. Since a reinjection imaging or a rest-stress Tl
imaging might identify additional ischemic myocardium,
a better correlation may be expected between findings in
a BMIPP-TI combined study and those studies.

In this study, we considered that myocardial segments
exhibiting discordant BMIPP uptake are ischemic but
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viable myocardium, because these segments are likely to
show redistribution in a stress Tl study or FDG uptake in
a PET study. But this conclusion remains speculation,
because the viability of ischemic myocardium should be
proved by the improvement in wall motion after revascu-
larization.

Myocardial utilization of glucose is known to be altered
by changes in the plasma substrate levels. In the postpran-
dial condition, an increase in insulin results in increased
FDG uptake in the normal myocardium with a relative
decrease in FDG uptake in the ischemic myocardium. As
a result, an FDG study on the postprandial state may
underestimate the extent of tissue viability.** In contrast,
in the fasting condition, the normal myocardium prefers
to utilize fatty acids. As aresult, FDG uptake in the normal
myocardium is suppressed, whereas even a small area of
ischemic tissue may show intense uptake of FDG. Thus,
an FDG study in the fasting state may overestimate tissue
viability, although it is sensitive for detecting of ischemic
myocardium.* In addition, Gropler et al. suggested that
the uptake of FDG by the normal myocardium is hetero-
geneous in the fasting state.”’ In the current study, FDG
studies were performed under fasting conditions. To
minimize overestimation of ischemic myocardium, the
FDG uptake was quantitatively assessed to compare its
uptake with the normal range of FDG uptake in each
segment.

Clinical implications

The combined imaging with BMIPP and TI often showed
less BMIPP uptake than TI uptake, particularly in the
segments with redistribution on the stress Tl study and the
segments with increased FDG uptake. indicating such
segments to be ischemic but viable myocardium. How-
ever, there were some segments withoutdiscordant BMIPP
uptake associated with an increase in FDG uptake. Al-
though this technique may still underestimate the extent
of viable myocardium, itis useful for identifying ischemic
myocardium. In addition, this technique can be applied to
patients who cannot perform adequate exercise for a stress
Tl study, for example on the acute phase of myocardial
infarction.
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