
(FDG),a markerofexogenousglucoseutilization,hasbeen
used to detect ischemia and differentiate ischemic but via
ble myocardium from irreversible myocardial necrosis (6â€”
8).

Because of the limited availability of PET, however, only
a selected number of institutions with PET cameras and
cyclotrons can study myocardial energy metabolism in vivo.
Recently, a variety of â€˜23I-labeledfatty acid compounds
have been introduced to probe myocardial energy metabo
lism in vivo using routine clinical nuclear medicine tech
niques (9â€”16). We previously reported the clinical value of
â€˜@I-labeled15-iodophenyl 3-methyl pentadecanoic acid
(BMIPP) in patientswith myocardialinfarction(17). Little
is known, however, about the uptake and retention mech
anisms of this tracer (18,19). To clarify the uptake mecha
nism of BMIPP, its uptake was compared with PET findings
using FDG and 11Cacetate.

METHODS

Patients
Consecutive patients with prior myocardial infarction or unsta

ble angina who were referred from March 1993 to February 1994
for PET studies,to assessmyocardialperfusionand metabolism,
were included in this study. Each patient underwent BMIPP and
thallium SPEC!' studies within 2 wk of the PET studies. We
excludedpatientswho could not undergo either BMIPPor thal
hum studies at rest, those who did not undergo the â€˜â€˜C-acetate
PETstudyandthosewhoreceivedrevascularizationbetweenthese
radionuclide studies. Thus, 16 patients were finally enrolled in this
study. Fourteen had a history of acute myocardial infarction at
least 1mo previously and the other two had unstable angina. There
were 3 women and 13 men, aged from 43 to 83 yr (mean 62 yr).
Five patients had noninsulin-dependent diabetes mellitus. All but
one patient,who had renal failure,underwentcoronaryangiogra
phy. Six patients had single-vesseldisease, five had two-vessel
disease and four had three-vessel disease. Left ventricular ejection
fraction ranged from 35% to 65%, with a mean value of 47%.
Twelve patients showed regional asynergy on contrast ventriculog
raphy. Each patient gave a written informed consent; the study
protocol was approved by the Kyoto UniversityClinical Study
Committee.

We previouslyreportedthatuptakeof 123l-labeled15-iodo
phenyl 3-methyl pentadecanoic acid (BMIPP) was lower than
that of thallium in ischemic myocardium. Such discordant find
ings between BMIPPand thalliumwere compared with those of
PET using 18F-deoxyglucose(FDG)and 11C-acetateto assess
metabolic alterations in such segment. Methods Sixteen pa
tients with coronary artery disease underwent both BMIPP
SPECTandPET.RelativeFDGuptake(% FDGuptake)andthe
clearance rate constant (% Kmono) of@ 1C-acetate from the
myocardium were calculated as markersof glucose and oxida
tive metabolism, respectively.Results RelativeFDG uptake of
the myocardialsegmentswith reduced BMIPP uptake and nor
malthalliumuptake(discordantsegments)wassimilar(85.3Â±
10.3) to that of the normal segments (86.5 Â±11.7) but higher
thanthatofsegmentswithreduceduptakeofbothBMIPPand
thallium (67.5 Â± 19.9). Similarly, the discordant segments
showed a higher % Kmono value (77.8 Â±13.1 versus 70.0 Â±
19.1) and FDG-to-perfusion ratio (1.15 Â±0.08 versus 1.01 Â±
0.22)thanintheconcordantlyreducedsegments.Conclusion:
BMIPPuptakeappearsto providemetabolicinformationinde
pendant of thallium uptake. Combined imaging of BMIPP and
thalliummaypotentiallyidentifyischemicbutviablemyocar
dium.

Key Words: positron emission tomography; iodine-i 23-BMIPP;
carbon-i 1-acetate; fluorine-i 8-FDG; coronary artery disease
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oninvasive assessment of myocardial metabolism us
ing PET has played an important role in the evaluation and
management of patients with coronary artery disease
(CAD) (1â€”3). Since nonesterified fatty acids are the pri
mary sources of energy for well-oxygenated myocardium in
the fasting state, a variety of studies have focused on eval
uating fatty acid metabolism using 11C-palmitate (4,5). On
the other hand, glucose is a major energy source for isch
emic myocardium. Thus, PET [â€˜8F]fluorodeoxyglucose
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BMIPP Preparation
BMIPPwaspreparedand suppliedbyNihonMedi-PhysicsCo.,

Ltd. It contained 111 MBq (3 mCi) â€˜@I-labeled15-(paraiodophe
nyl)-3-(R,S)-methyl pentadecanoic acid (0.6 mg) dissolved in 10.5
mg urso-deoxycholic acid (17).

BMIPP and Thallium Imaging
SPECTwasperformed30mmafter administrationof 111MBq

(3 mCi) BMIPP at rest in a fasting state for at least 3 hr (17).
SPEC].' images were obtained using a rotating gamma camera
equipped with a low-energy,general-purpose collimator. A total of
32 viewswere obtained over 1800from the right anterior oblique to
the left posterior oblique positions, taking 30 sec/per view (17,20).

Thallium SPEC!' imaging was performed on a separate day
within 1wk of the BMIPP SPEC!' study. Following administration
of 100 MBq (2.7 mCi) thallium at rest, SPECT images were
obtained 15 mm later in a similar fashion as for the BMIPP study.

PET
The PET study was performed using a whole-body PET camera,

which provides 15 slices at 7-mm intervals simultaneously. The
scanner had an effective resolution of 9 mm and an axial resolution
of 6 mm FWHM after reconstruction. Each patient was positioned
under the camera with the use of an ultrasound technique (21,22).
A transmissionscan was obtained for 20 mm usinga @GePâ€•Ga
source to correct for photon attenuation (22).

Approximately 185 MBq (5 mCi) FDG were administered at
rest 40â€”60mm after a 75-g oral glucose load. Static images were
obtained 60 mm later for 15 mm. Following reconstruction of 15
transverse tomograms, oblique tomograms parallel to the long
and short-axis of the left ventricle were also reformatted for
comparison with the SPECT images.

On a differentday, serial PET imagingwasperformedat rest
followingadministration of 370 MBq (10 mCi) â€œC-acetate,acquir
ing 20 frames of 60 sec each for 20 mm to assess oxidative
metabolism.

Data Analysis
The left ventricular myocardium was divided into 17 segments

and BMIPP and thallium uptake was scored by two experienced
observers using a four-point grading system (3 = normal, 2 =
mildly reduced, 1 = moderately reduced and 0 = absent) (17).
The BMIPP uptake score was compared with the thallium score of
the corresponding segment. When the BMIPP score was equal to
the thallium score, the segments were considered to be concor
dant. Segments were defined as discordant when the BMIPP score
was lower than the thallium score. No segment showed a BMIPP
score greater than the thallium score.

In the analysisof â€˜â€˜C-acetatePET images,time-activitycurves
of the corresponding 17 segments were generated from serial PET
images after correction of deadtime, physical decay and cross
contamination (22â€”24).From these time-activity curves, the peak
activitywas determined as a marker of myocardial perfusion (25).
In addition,the clearancerate constant(Kmono)of eachsegment
was calculated by monoexponential fitting as a marker of oxidative
metabolism (22).

In the analysisof FDG-PETimages,FDG uptakewasmeasured
as 100% in the normal area to obtain the normalized FDG uptake
(percentage of FDG uptake). Similarly, data for myocardial per
fusion, Kmono value, BMIPP uptake and thallium uptake were
normalized (%). Furthermore, the percent FDG uptake was di
vided by the percent perfusion to calculate the FDG-to-perfusion
ratio to assess glucose-perfusion mismatch.

Statistical Analysis
Data were presented as mean Â±s.d. Comparison of myocardial

perfusion and metabolism was performed by unpaired Student's
t-test (between two groups) or analysis of variance test (among
three groups). Significant differences were considered to be
present when the p value was less than 0.05.

RESULTS

Three patients without regional asynergy on contrast
ventriculography had normal thallium and BMIPP scans.
On the other hand, 12 patients with regional asynergy had
reduced BMIPP uptake in at least one myocardial segment.

BMIPP and Thallium Findings
Of the total 272 segments, 146 segments showed normal

distribution on both BMIPP and thallium scans (Group 1),
12 segments showed a decrease in BMIPP uptake with
normal thallium uptake (Group 2), and 114 showed abnor
ma! uptake on both BMIPP and thallium scans (Group 3).
For Group III, 30 segments (26%) had a lower BMIPP than
thallium score (discordant BMIPP uptake, Group 3a) (Fig.
1), whereas the remaining 84 segments had identical
BMIPP and thallium scores (concordant BMIPP uptake,
Group 3b) (Fig. 2).

PET
The semiquantitative PET data for each group are sum

marized in Table 1. The percent myocardial perfusion rate
was significantly lower in Groups 2 (70.2 Â±8.2) and 3
(67.3 Â±18.3) than in Group 1 (86.5 Â±9.6) (both p < 0.05).
On the other hand, the percent FDG uptake in Group 2
(85.3 Â±10.3) was similar to that in Group 1 (83.8 Â±11.7)
and was higher in both groups than that in Group 3 (67.5 Â±
19.9) (both p < 0.05). Therefore, the FDG-to-perfusion
ratio was significantly higher in Group 2 (1.15 Â±0.08) than
in Group 1 (0.98 Â±0.16) or Group 3 (1.01 Â±0.22) (both
p < 0.05). In addition, the percent Kmono in Group 2 (77.8
Â±13.1)was similar to that in Group 1 (83.1 Â±11.6) and was
higher in both groups than that in Group 3 (70.0 Â±19.1)
(both p < 0.05).

When the segments in Group III were further divided
into those with discordant BMIPP uptake (Group 3a) and
those with concordant BMIPP uptake (Group 3b), the
percent myocardial perfusion rate was similar in both
groups (Table 2). The percent FDG uptake, however, was
significantly higher in Group 3a (73.5 Â± 16.8) than in
Group 3b (65.3 Â±20.5) (p < 0.05). Therefore, the FDG
to-perfusion ratio was higher in Group 3a than in Group 3b
(1.08 Â±0.18 versus 0.99 Â±0.23; p < 0.05). On the other
hand, the Kinono did not differ between the two groups
(72.5 Â±15.5 versus 69.0 Â±20.2; p = ns).

When BMIPP uptake was semiquantitativey calculated
as a percentage of the peak activity, the percent BMIPP
uptake was highly correlated with the percent thallium
uptake (r = 0.97, Fig. 3). Thirty-five segments (13%), how
ever, showed a percent BMIPP uptake 10% or more below
the percent thallium uptake. On the contrary, only eight
segments showed percent BMIPP uptake 10% or more

1975Iodine-i23-Fatty Acid SPECTand PETâ€¢Tamaki et al.
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above the percent thallium uptake. All but one segment
showed perfusion above 70% on the thallium scans. The
percent BMIPP uptake also showed significant correlation
with percent FDG uptake (r = 0.54) and percent Kmono (r
= 0.50) (Fig. 4). Again, the percent BMIPP uptake was

lower than the percent FDG uptake and Kmono values.

DISCUSSION

These results support our previous findings that reduced
BMIPP uptake, comparedwith that of thallium(discordant
BMIPP uptake), was often seen in patients with CAD.
Areas with discordant BMIPP uptake were associated with
glucose-perfusion mismatch on PET studies. In addition,
oxidative metabolism in these segments were better pre
served than that of the concordant segments, indicating that
such segments may represent ischemic but viable myocardium.

Mechanisms of BMIPP Uptake
BMIPP is trapped in the endogenous lipid pool without

further metabolism by beta oxidation after its distribution

in the myocardium according to myocardial blood flow

(18,19). Because of rapid clearance of the blood activity
and long tracer retention in the myocardium, an excellent
image of the ventricular myocardium is obtained, particu
larly with SPECT (17). Tracer distribution in the myocar
dium may be influenced by regional perfusion, fatty acid
uptake and the turnover rate of the endogenous lipid pool.

Our previous experimental study suggested a close relation
of BMIPP uptake to the ATP content in the myocardium
(18,19). Although BMIPP distribution seems to be similar
to thallium distribution, striking differences in the distribu

tion of these tracers have been reported in occlusion-reper

fusion models (26,27) and cardiomyopathic hamsters (28),
as well as in the clinical setting (17,29,30), indicating that
BMIPP mayprovide metabolic informationon the myocar
dium independent from that on myocardial perfusion.

Although the present study indicated that the BMIPP
uptake correlated with thallium perfusion (Fig. 3), discor
dant BMIPP uptake less than thallium uptake was occa
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Groupno.No.BMIPP11Perfusion (%)FDG (%)FDGlPerfusionKmono(%)1146NormalNormal86.5

Â±9.683.8 Â±11.70.98 Â±0.1683.1 Â±11.6212ReducedNormal70.0
Â±8.2*85.3 Â±10.31 .15 Â±0.08@77.8 Â±13.131

14ReducedReduced67.3 Â±18.3*67.5 Â±l9.9@@1 .01 Â±0.2270.0 Â±l9.l@@*p

< 0.05 vs.Group 1; tp< 0.05vs.Group2; @p< 0.05vs. Group3.
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FDGGroup
no.No.ScorePerfusion (%)(%)FDG/PerfusionKmono(%)3a30BMIPP<Tl68.4

Â±16.073.5 Â±16.81.08 Â±0.1872.5 Â±15.53b84BMIPP=Tl66.7
Â±19.065.3 Â±20.5k0.99 Â±0.23*69.0 Â±20.2*p

< 0.05 vs. Group 3a.

sionally observed. Approximately, a quarter of the hypoper
fused segments showed such discordance. In addition,
among 158 segments with normal thallium distribution, 12
segments (8%) showed less BMIPP than thallium uptake.
On the other hand, quantitative analysis indicated only a
few segments showing higher BMIPP uptake than thallium
distribution. Most of them were normoperfused segments.
Such reverse discordance may be the result from the dif
ference in photon attenuation between the tracers. These
data were in agreement with our previous results in a study
of patients with myocardial infarction (17). In addition, our
previous report had a high reproducibility in the visual
scoring of BMIPP and thallium uptake. The interobserver
agreement was 87% for BMIPP and 91% for thallium (17).

Comparison with PET
To clarify BMIPP's uptake mechanism, a precise com

parison of BMIPP uptake with the PET findings is re
quired. PET is an excellent technique for probing myocar
dial energy metabolism in vivo using [18F] FDG and 11C-
acetate as markers of exogenous glucose utilization and
oxidative metabolism, respectively (3â€”5,6â€”8).In compari
son with â€œC-palmitate,a radiolabeled free fatty acid (4,5),
in our previous studies, BMIPP uptake had good correla
tion in its early uptake but not its early clearance rate,
indicating that BMIPP uptake may reflect fatty acid reten
tion rather than beta oxidation (31 ). In addition, discordant
BMIPP uptake was associated with an increase in FDG
uptake in the fasting state and redistribution on thallium
stress scans, suggesting that the discordant BMIPP seg
ments represented ischemic and jeopardized myocardium
(32). AlthoughtheFDG studywasperformedafterglucose
loading (33,34), our present findings may support previous
data that discordant segments represent ischemic myocar
dium on the basis of the glucose-perfusion mismatch. In
particular, the segments with normal thallium uptake but
reduced BMIPP uptake, which was occasionally observed in
our patient studies, showed glucose-perfusion mismatch,
indicating that some metabolic alteration has occurred.
Although thallium uptake was within the normal range, the
actual perfusion may have been slightly reduced compared
to that of normal segments. The global scoring (four-point
grading) of thallium may not differentiate subtle differ
ences in perfusion. In addition, myocardial fatty acid utili
zation may possibly be suppressed with the reciprocal in
crease in glucose metabolism. When the segments with
abnormal thallium perfusion were selected for analysis
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FIGURE 3. Correlationbetween percent BMIPP and 2o1@fl
uptake.

(Group 3), the segments with discordant BMIPP uptake
also showed higher FDG-to-perfusion ratios than those
with concordant BMIPP uptake, indicating that discordant
BMIPP segments may represent ischemic but viable myo
cardium.

On the other hand, oxidative metabolism did not differ
between Groups 3a and 3b. Two potential reasons are
considered. The areas of discordant BMIPP uptake may
represent severely ischemic myocardium mainly associated
with anaerobic glucose metabolism. Alternatively, the per
cent Kmono value in Group 3a was higher than that in
Group 3b, although the differences were not statistically
significant. Thus, a larger patient study may indicate statis
tically significant differences between the two groups, sug
gesting that areas of discordant BMIPP uptake less than
thallium may represent relatively preserved oxidative me
tabolism compared to the areas of concordant decrease
both in BMIPP and thallium uptake.

In ischemic myocardium, fatty acid oxidation is sup
pressed and glucose becomes a major energy source (35).
On the other hand, regional myocardial perfusion may
persist to a certain extent to maintain energy metabolism
without membrane damage. The percent BMIPP uptake
was lower than the percent thallium uptake (Fig. 3). Simi
larly, the percent BMIPP uptake was lower than the per
cent FDG uptake or percent Kmono (Fig. 4). These data
may support the idea that the BMIPP uptake is considered

TABLE 2
Perfusionand Metabolism in Group 3
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to be a most sensitive marker of metabolic alterations in
ischemic myocardium.

We hypothesized that discordant BMIPP uptake may
reflect increased glucose utilization (32). The present study
revealed that the areas with discordant BMIPP uptake were
most likely to show glucose-perfusion mismatch (PET isch
emia). On the contrary, a concordant decrease in both
BMIPP and thallium may reflect a matched reduction in
perfusion and glucose utilization (PET scar) (6, 7).

Myocardial clearance of@ â€˜C-acetatehas been proven to
be an excellent marker of oxidative metabolism in vivo
using dynamic PET (23,24). In ischemic myocardium, oxi
dative metabolism may be suppressed but may still be
relatively maintained compared to necrotic myocardium.
Gropler et al. (36) reported that assessment of oxidative
metabolism by PET and@@ was useful for evalu
ating myocardial viability. Ischemic myocardium with pre
served oxidative metabolism may represent reversible isch
emic myocardium, which may improve regional function
after revascularization. In areas of severe ischemia, how
ever, blood flow may be too low to maintain either glucose
or oxidative metabolism, resulting in myocardial necrosis
(36,37).

These data indicate that combined imaging using BMIPP
and thallium may provide valuable information about myo
cardial viability as an area of metabolic alterations. Further
studies using combined SPECT imaging before and after
revascularization are required to confirm our hypothesis.

Potential Limitations
One of the major limitations of this study was the corn

parison of SPECT images without attenuation correction
and PET images that were corrected for photon attenua
tion. To minimize this limitation, BMIPP and thallium
uptake were scored for each myocardial segment. Although
an excellent correlation was observed between BMIPP and
thallium uptake (Fig. 3), only a moderate correlation was

obtained between BMIPP uptake and the PET studies (Fig.
4), probably due to the differences in photon attenuation.

Second, although the patients were enrolled consecu
tively, there was some bias to the patient selection, because
patients who could not undergo both studies were excluded.
Therefore, the number of patients in this study was rather
limited.

It is controversial whether FDG-PET study should be
performed under fasting or glucose loading conditions
(33,34,37). Since FDG accumulates in the normal myocar
dium only during glucose loading, a glucose loading study is
considered to be valuable for assessing tissue viability,
whereas a fasting FDG-PET study seems to be useful for
identifying ischemic myocardium (34). In this study, glu
cose loading was used since relative FDG uptake can be
measured as 100% in the normal areas for comparison with
other metabolic parameters.

CONCLUSION

We found that BMIPP often showed lower uptake than
thallium in patients with CAD. Discordant segments also
showed glucose-perfusion mismatch and preserved oxida
tive metabolism on PET images, indicating that they were
ischemic but viable myocardium. These areas may repre
sent jeopardized myocardium which requires revasculariza
tion therapy to improve regional function and prevent fu
ture cardiac events (38,39). Therefore, BMIPP may provide
metabolic information that is independent of thallium up
take; this information may be useful in identifying ischemic
but viable myocardium.
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