
both myocardial perfusion and fatty acid metabolism simulta
neously using a single dose of BMIPP.

In this study, BMIPP SPECT images, taken soon and long
after the injection, were compared with resting 201Tl images to
evaluate the possibility of simultaneous evaluation of myocar
dial perfusion and fatty acid metabolism using a single injection
of BMIPP in patients with acute coronary syndromes.

MATERIALSAND METhODS

Patients
Forty-five patients with acute coronary syndromes who had been

referred to our hospital were enrolled in this study [8 women, 37
men; age range 61.9 Â±9.2 yr (mean Â±s.d.)]. The patients were
divided into two groups: the UAP group (30 with unstable angina
pectoris, including 5 with old myocardial infarction) and the MI
group (15 with acute myocardial infarction).

All patients underwent coronary angiography during the acute or
subacute stage of their disease. In the MI group, intracoronary
thrombolytic therapy was performed in 11 of 15 patients, and
residual significant coronary stenosis (>75% reduction in luminal
diameter) was present in all 15 patients in the chronic stage of
myocardial infarction.

BMIPPSPECTImaging
BMIPP scintigraphy was performed 3â€”6days after admission.

The patients fasted after supper on the previous day. At rest, 185
MBq BMIPP (Nihon Medi-Physics Co., Nishinomiya, Japan; 2.27
Ci/mmol; volume, 1.5 ml) and 20 ml physiological saline were
injected rapidly via the cubital vein while the patients lay on a
SPECT bed. Two minutes later, five rounds of SPECT (dynamic
SPECT) were performed in the continuous rotation mode, in which
the three detector heads make an alternating motion in a 120Â°range
with a cycle of 3 mm (Fig. 1). A three-head gamma camera
(GCA9300A/HG, Toshiba, Tokyo, Japan) was used in combination

with a low-energy, high-resolution collimator. The energy window
was set at 159 keV Â±10%, and the matrix was 64 X 64.

After dynamic data acquisition, conventional SPECT was taken
30 mm after the BMIPP injection (30-mm BMIPP). Conventional
SPECT was acquired at intervals of 6Â°in a counterclockwise
direction (view up from the foot). The 60 projection images were
obtained for 40 sec/stop.

The SPECT projection data for 3600 were processed with an
image analyzer GMS5500A to reconstruct images. A Butterworth
filter (cutoff frequency, 0.24 cycles/pixel; order 8) was the prefilter
for dynamic SPECT images. Another setting of the Butterworth
filter (cutoff frequency, 0.30 cycles/pixel; order 8) was used as a
prefilter for conventional SPECT images. A Shepp and Logan filter
was used as a reconstruction filter for all images.

Thallium-201 SPECT Imaging
Resting 201Tlscintigraphy was performed at least 2 days (range

2â€”7days; mean Â±s.d., 3.3 Â±1.5 days) after BMIPP scintigraphy.

Thepurposeofthisstudywastoclarifythepossibilityofsimulta
neous evaluationof myocardialperfusionand fattyacid metabolism
usinga singleinjectionof â€˜23l-beta-methyl-p-iodophenyl-pentade
canoic acid (BMIPP)in patients with acute coronary syndromes.
Methods: Thirty patients with unstable angina pectoris (UAPgroup)
and 15 patients with acute myocardial infarction (Ml group) were
studied. BMIPP dynamic SPECT was performed 2 mm after the
injectionof BMIPP(185 MBq),and images were Obtabed every 3
mm for 15 mm with a three-head gamma camera. Conventional
BMIPPSPECTwasalsoperformed30 mmafterthe injection.Serial
BMIPPandresting201flimageswerecompared.ResultsA201fl
BMIPPmismatchbetween30-mmBMIPPandresting201flimages
was observed in 27 of 30 patients in the UAP group and 8 of 15
patients in the Ml group, respectively. However, a 201T1-BMIPP
mismatch between early (2-5-mm) BMIPP and resting @Â°iiimages
was observed in only 2 of 30 patients in the UAP group and in only
2 of 15 patients in the Ml group, respectively.The kappa statistics of
tracer uptake between early BMIPP and resting @Â°i1images
showed good concordance in UAP (K= 0.823) and Ml (K= 0.765)
groups, respectively. These results indicated that initialdistribution
of BMIPP reflects myocardial perfusion in patients with acute
coronary syndromes. Conclusion: Myocardial perfusion and fatty
acid metabolism can be evaluated simultaneously using a single
injection of BMIPP, when images are taken soon (2â€”Smm) and long
after the injection in patients with acute coronary syndromes.

Key Words: iodine-i23-beta-methyl-p-iodophenyl-pentadecanoic
acid; fatty acid metabolism; myocardial perfusion; acute coronary
syndromes; dynamic SPECT
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Iodine-l23-- beta-methyl-p-iodophenyl-pentadecanoicacid
(BMIPP) is a branched chain fatty acid analog that is labeled
with 123! BMIPP has been clinically applied as a means of
reflecting myocardial fatty acid metabolism in patients with
ischemic heart disease (1â€”10).Abnormal fatty acid metabolism
was estimated as a mismatched tracer activity between BMIPP
and 201Tl or sestamibi images (1â€”10).In these cases, resting
perfusion images are always required to analyze BMIPP images
(1â€”9).

Matsunari et al. (11 ) reported early kinetics of BMIPP in
patients with myocardial infarction and noted a transient accu
mulation (backdiffusion) of this radiopharmaceutical immedi
ately after injection. The mechanism of BMIPP backdiffusion
may occur when the conversion ofBMIPP to BMIPP-coenzyme
A is suppressed in the metabolically impaired myocardium,
preventing free BMIPP from being retained in the myocardial
cell (1 1 ). If an image immediately after the injection of BMIPP
represents myocardial perfusion, it will be possible to evaluate
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2 mm@ 8 mm@ 14 mm

5 mm 11 mm 17 mm 30 mm

In quantitative analysis, the percentage 201T1activity and the
percentage BMIPP activity (30-mm BMIPP image) for the maxi
mum count of the left ventricle in the culprit lesion (mismatching
or matching segment) were evaluated in the bull's-eye images. The
L@ percentage 201T1-BMIPP activity in the culprit lesion was

calculated by the following formula: % 201Tlactivity â€”% BMIPP
activity = L@% 201T1-BMIPP activity.

For the washout analysis, the BMIPP washout rate from the
images taken 2â€”5and 14â€”17mm on dynamic SPECT was assessed
in the bull's-eye image. The BMIPP washout rate in the matching,
mismatching or normal (matching segment in the normal coronary
artery territory) area was determined in each of the patients. If the
severe defect was observed in both the 2â€”5-mmand the 14â€”17-mm
BMIPP images in the patients with acute myocardial infarction, the
BMIPP washout rate was not calculated.

Image quality in the 2â€”5-mmBMIPP image was evaluated as
good, fair or poor. Maximum myocardial counts (counts per pixel)
in 2â€”5-mmBMIPP SPECT images were also evaluated.

S@caI Analysis
Data are presented as the mean Â±s.d. The concordance of the

uptake score between BMIPP and resting 201Tl images was
assessed using kappa statistics. Linear regression analysis was used
to compare the BMIPP washout rate and the z@percentage
201T1BMIPP activity.

RESULTS

Comparison of 2-5-Minute and 30-Minute BMIPP Images
withThallium-201Images

Figure 3 shows the segmental comparison of uptake score
between early BMIPP (taken 2â€”5mm after injection) and
resting 201Tl images. The complete concordance rates between
the two images were 90.9% and 85.2% in the UAP and MI groups,
respectively. The kappa statistics of uptake score between early
BMIPP and resting Â°tTlimages showed good concordance in
UAP (K = 0.823, p < 0.0001) and MI (, = 0.765, p < 0.000 1)
groups, respectively. Mismatching segment numbers between
the early BMIPP and resting 201Tl images were 19 and 10 in the
UAP and MI groups, respectively. Reverse mismatching seg
ment numbers between the two images were 19 and 21 in the
UAP and MI groups, respectively. No myocardial segments
showed two or more grades of difference in uptake score
between early BMIPP and resting 20T1 images.

Figure 4 shows a segmental comparison of uptake score
between 30-mm BMIPP and resting 201Tl images. One hundred
nine of the 420 segments in the UAP group and 38 of the 210
segments in the MI group showed a lower BMIPP uptake score
than a resting 201Tl uptake score (mismatching segment).

In the UAP group, mismatching segments between 30-mm
BMIPP and resting 201Tl images were observed in 27 of 30
patients. Fatty acid metabolism was estimated as abnormal in 27
of3O patients. The majority ofthe mismatching segments (96 of
109) in the UAP group were located in the culprit territory of
angina pectoris, as determined by coronary angiography. In the
MIgroqp,mismatchingsegmentsbetween30-mmBMIPPand
resting 201Tl images were observed in 8 of 15 patients. Fatty
acid metabolism was estimated as abnormal in 8 of the 15
patients in the infarct area.

Table 1 shows the mismatching segment summary between
serial dynamic BMIPP and resting 201Tl images in each patient.
The smallest number of mismatching se@ments was observed
between 2â€”5-mmBMIPP and resting 2 Tl images. Twenty
eight of 30 patients in the UAP group and 13 of 15 patients in
the MI group showed concordant tracer uptake between 2â€”5-
mm BMIPP and resting 20Tl images. The number of mismatch

FIGURE1. Protocolof BMIPPscintigraphy.BMIPP(185MBa)and20 ml
physkkgical salinewere injectedrapidlyviacubftalvein.Twominuteslater,
five rounds of dynamic SPECT were performed in continuous rotation mode.
Conventional SPECT was perfomied 30 mm after injection.

Thallium-20l SPECT was performed and reconstructed using the
same protocol as that used for conventional BMIPP SPECT. The
energy window was set at 71 keV Â±10%.

Data Analysis
On the serial dynamic SPECT images, 30-mm BMIPP images

and resting 203Tl images, the myocardium was divided into 14
segments (Fig. 2). The degree of tracer uptake in individual

segments was classified visually on a 4-point scale (3 = normal;
2 = slightly reduced; 1 = moderately reduced; and 0 severe
defect) by two experienced, blinded observers. Differences were
resolved by consensus.

The segmental uptake scores in early BMIPP (dynamic SPECT
images taken from 2 mm after injection), and 30-mm BMIPP
images were compared with those in the resting 201Tl images in
both groups of patients. When the 201T1uptake score was higher
than the BMIPP uptake score, the segment was defined as mis
matching. When the scores were the same, the segment was
defined as matching. When the BMIPP uptake score was higher
than the 201Tl uptake score, the segment was defined as reverse
mismatching.

In each of the patients, either one or no mismatching segments
between resting 201Tland 2â€”5-mmBMIPP images was regarded as
concordant uptake in each patient. Two or more mismatching
segments between the two images was regarded as discordant

uptake.

FIGURE2@VisualinterpretationofregionalBMIPPand @@111uptake.Basal
and m@venthcularshort-wds images were d@ded into 12 segments, and the
ver@calking-aidsimagewas also dMded intotwo apicalsegments. Terrfto
ties of coronary arterrns in left ventilcle were defined as follows: left anterior
descending artery territory = segments 1, 6, 7, 12, 13 and 14; right coronary
artery territory= segments 4, 5, 10 and 11; and left circumflexcoronary
arteryterritory= segments 2, 3, 8 and 9.

Short-axis
Tracer uptake score:
3 -normal , 2 -mildly reduced,
1 -moderately reduced, 0 -severe defect
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NormalMildModerateSevereNormal2641100Mild157330Moderate04295Severe00016NormalMildModerateSevereNormal107500Mild103330Moderate08142Severe00325

NormalMildModerateSevereNormal2442272Mild5353219Moderate02927Severe00016NormalMildModerateSevereNormal108400Mild330103Moderate00321Severe00127

UAPgroup(N=30) Ml group (N=l 5)

Early image (2-Sminute) of I-i 23-BMIPP Early image (2-Sminute) of I-i 23-BMIPP

Tl-201 Tl-201

Complete concordance 382/420= 90.9% Complete concordance 179/21 0 â€”85.2%

kappaâ€”0.765(P<0.0001)kappaâ€”0.823 (P<0.0001)

FiGURE3. Segmentalcomparisonoftraceruptakebetween2-5-mmBMIPPandresting@Â°ii @es@

ing segments was greatest between 14â€”17-mm BMIPP and
resting 201T1images.

Figure 5 shows the images from a typical patient with
unstable angina pectons. Mildly reduced uptake in the antero
lateral area was observed in both the 2â€”5-mmBMIPP and the
resting 201Tl images. However, BMIPP accumulation in the
anterolateral area was gradually decreased in the serial BMIPP
images. Thallium-201-BMIPP mismatch between 14â€”17-mm
BMIPP and resting 201T1images was evident in the anterolateral
area. Figure 6 illustrates images from a patient with acute
myocardial infarction. The large anteroseptal defect was observed
in both the serial BMIPP and the resting 201T1images and was
also clearly defined, as shown in the 2â€”5-mmBMIPP images.

Quantitative Analysis
Table 1 shows the percentage 201Tl activity, the percentage

BMIPP activity, the@ percentage 201Tl-BMIPP activity and the
BMIPP washout rate between the 2â€”5-and 14â€”17-mmimages
in each patient. The z@percentage 20T1-BMIPP activity in the
mismatching or matching segments was 24.8% Â±9% (range
11â€”44)versus â€”1.3% Â±0.6% (range â€”2to â€”1) in the UAP
group and 16.6% Â±6% (range 10â€”27)versus 2.4% Â±4%
(range â€”3to 9) in the MI group, respectively.

The BMIPP washout rates between 2â€”5-mmand 14â€”17-mm
images in the mismatching, matching and normal areas were
21 .4 Â±17%, â€”12.6% Â±7% and â€”15.9% Â±5% in the UAP

group and 19.9% Â±14%, â€”10.0% Â±6% and â€”13.0% Â±3%
in the MI group, respectively. The BMIPP washout rate in the
mismatching area was significantly higher than that in the
matching or normal area in both groups of patients.

Figure 7 shows a relationship between the BMIPP washout
rate and the@ percentage 201Tl-BMIPP activity in both groups
of patients. A significant positive correlation between the two
parameters was observed (r = 0.65, p < 0.002).

Image Quality in 2-5-Minute BMIPP Images
Table 2 shows the results of image quality in the 2â€”5-mm

BMIPPimages.Fourof45 patientsshowedpoorimagequality.
However, the majority of patients in both groups showed good
or fair image quality. The degree of tracer uptake in individual
segments could be classified visually in all patients. The
maximum number of myocardial counts (counts per pixel) in the
2â€”5-mmBMIPP SPECT image was 53. 1 Â±12 (range 31â€”71).

DISCUSSION
BMIPPis used clinicallyto reflectmyocardialfatty acid

metabolism in patients with ischemic heart disease. Abnormal
fatty acid metabolism has been estimated as mismatched tracer
uptake between BMIPP and 20Tl or sestamibi images (1â€”10).
For the analysis of BMIPP images, resting 201Tl or sestamibi
images were always required, and BMIPP SPECT acquisition
was usually initiated 15â€”20mm after BMIPP injection (1â€”10).

UAPgroup(N=30) Ml group (N=1 5)

30-minute image of I-i 23-BMIPP 30-minute image of I-i 23-BMIPP

TI-201 Tl-201

Complete concordance 304/420=72.3% Complete concordance 168/210=80.0%

FiGURE4. Segmental comparisonof tracer uptake between 30-mmBMIPPand resting @Â°ii@

MYocAarn@u. PEiu@usIoNiN I0DINE-123-BMIPP SPECT â€K̃obayashi et al. 1119
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FIGURE5.Resting@Â°@T1andserialBMIPPimagesfrompatientwithunstabla
anginapectons. Coronaryangiographyshowed algnfficantcoronarystenoals
in left antenordescending and left circumflex artery. Mildly reduced uptake in
anterolateral area was observed in both 2-5-mm BMIPP and resting @Â°@fl
images. BMIPPaccumulationinanterolateralarea was graduallydecreased
in senal BMIPPimages. Initialdistributionof BMIPPaccurately reflected
myocardialperfusionimaging.

In this study, 201Tl-BMIPP mismatch between 30-mm
BMIPP and resting 201T1 images was observed in 27 of 30
patients in the UAP group and in 8 of 15 patients in the MI
group, respectively. However, 201Tl-BMIPP mismatch between
early BMIPP and resting 201Tl images was observed in only 2
of 30 patients in the UAP group and in only 2 of 15 patients in
the MI group, respectively. These results indicated that initial
distribution of BMIPP accurately reflects myocardial perfusion
in patients with acute coronary syndromes.

We have shown that myocardial perfusion and fatty acid
metabolism can be estimated simultaneously using a single dose
of BMIPP when images are taken soon (2â€”5mm) and late (30
mm) after the injection. This technique could be highly advan
tageous clinically because the current method of evaluating
myocardial fatty acid metabolism requires a comparison of
BMIPP and resting myocardial perfusion images (201Tl or
sestamibi images). The BMIPP dynamic SPECT technique can
be applied for the detection of angina-related coronary territory
in patients with unstable angina pectoris or for the evaluation of
myocardial viability in patients with acute myocardial infarc
tion without 201Tl or sestamibi perfusion imaging.

In a few patients (four patients), however, tracer uptake was
lower on the early BMIPP than on the resting 201T1images. Of

FIGURE6. Resting201TlandserialBMIPPimagesfrompatientwfthacute
myocard@ infarction. Large anteroseptal defect was observed in both serial
BMIPPand resting @Â°iiimages.

these four patients, none of the myocardial segments showed a
two-grade or greater difference in tracer uptake between the two
images. These findings are probably due to the following
factor(s):

1. BMIPP was washed out very quickly, and its uptake
decreased during the first 2 mm after injection; or

2. Restingmyocardialbloodflowdifferedbetweentheacute
(when BMIPP images were taken) and the subacute stages
(when 201Tl images were taken).

Myocardial perfusion in the culprit lesion might be improved
when 201Tl scintigraphy is examined. The period between
BMIPP and resting 2UITIscintigraphyin this study was 3.3 Â±
1.5 days (2â€”7days). The delay between BMIPP and 201T1
scintigraphy may be one of the reasons why 2â€”5-mmBMIPP
and resting 201Tl images differed in these four patients.

Early Kinetics of BMIPP
The BMIPP washout rate between 2â€”5-mmand 14â€”17-mm

images in the 201Tl-BMIPP mismatching area was significantly
higher than that in the matching or normal areas. A significant
positive correlation (r 0.65, p < 0.002) was observed
between the BMIPP washout rate and the@ percentage 201Tl
BMIPP activity, as shown in Figure 5. These results indicated
that the degree of mismatching between 30-mm BMIPP and
201Tl images was significantly correlated to the amount of
BMIPP backdiffusion.

MYOCARDIAL PERFUSION IN IOD!NE-123-BMIPP SPECT â€¢Kobayashi et al. 1121
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Good (%) Fair (%) Poor (%)

Fair= fairimagequality;good = good imagequality;poor = poor image
qualit@iUAP = unstableanginapectoris MI = myocardiaiinfarction.

Image Quality in Dynamic SPECT
In this study, 360Â°projection data were collected for 3 mm,

using a three-head gamma camera. The majority of the patients
showed acceptable image quality for the evaluation of initial
distribution of BMIPP.

However, the tracer radioactivity obtained with this tech
nique (3 1â€”71counts/pixel) was evidently less than that obtained
with conventional SPECT. For this reason, the cutoff frequency
of the prefilter was set at a slightly lower level (0.24 cycles/
pixel) when images were reconstructed (15). The influence of
decreasing tracer activity was assessed using a phantom model,
based on the assumption that 4% of the administered BMIPP
would be taken up by the myocardium. When the data were
acquired within 2 mm or less using a three-head detector, the
image quality was became worse, and BMIPP activity in the
phantom was uneven. When the data were acquired for 3 mm,
the image quality and reproducibility were acceptable (data not
shown).

CONCLUSION
This study reports that initial distribution of BMIPP accu

rately reflects myocardial perfusion. Early (2â€”5-mm)and late
BMIPPimage acquisitionswill be highly advantageousbecause
the current method of evaluating myocardial fatty acid metab
olism always requires a comparison of late BMIPP and resting
201Tl or sestamibi perfusion images.

Myocardial perfusion and fatty acid metabolism can be
evaluated simultaneously with a single injection of BMIPP in
patients with acute coronary syndromes by using the two-step
acquisition technique, early at 2â€”5mm and late at 30 mm.
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BMIPP washout rate between 2-5 mm
and 14-17mm BMIPP images

FiGURE7.CorrelationbetweenBMIPPwashoutrateandz@percentage
@Â°111-BMIPPactMty.Significantpositivecorrelationbetweenthe two param

eters was observed (r = 0.65, p < 0.002).

The mechanism of BMIPP backdiffusion could suppress the
conversion of BMIPP to BMIPP-coenzyme A in the metaboli
cally impaired myocardium; therefore, free BMIPP cannot be
retained in the myocardial cell (11,12).

In the normal area (matching segments in the normal coro
nary territory area), the BMIPP washout rate between the
2â€”5-mm and 14â€”17-mm images showed negative washout.
There is a progressive accumulation of BMIPP in the normal
myocytes (negative washout): energy-dependent activation to
BMIPP-coenzyme A and subsequent storage in the intracellular
lipid pool. In contrast, there is rapid washout due to backdiffu
sion (positive washout) in the myocytes with impaired fatty acid
metabolism, resulting in a mismatch between BMIPP activity
and flow tracer activity.

OptimalAcquisitionTime
In this study, BMIPP SPECT acquisition was initiated 2 mm

after injection. This time point corresponds to the time when the
first circulation ofBMIPP through the body has been completed
and BMIPP reaches the myocardium for the second circulation.
It has been reported that blood concentration levels of BMIPP
decrease rapidly after injection (13,14). To obtain myocardial
images with low background radioactivity levels, it is desirable
to begin imaging after blood BMIPP levels have decreased.
However, the BMIPP uptake in the myocardium began to
decrease soon (5â€”8mm) after injection, when BMIPP uptake
was visually determined (Table 1). It is necessary to start
imaging acquisition soon after BMIPP injection, which pro
vides an opportunity to evaluate the initial distribution of
BMIPP (myocardial perfusion imaging).

TABLE 2
Image Quality in 2â€”5-MinuteBMIPP Images
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