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The aim of this study was to clarify the clinical implications of
decreased myocardial uptakes of 123l-labeled beta-methyl-p-iodo-
phenyl-pentadecanoic acid (123I-BMIPP) in patients with unstable
angina. Methods: Fatty acid metabolic imaging with 123I-BMIPP

was performed in 20 patients with unstable angina during the
pain-free state. Regional uptakes of 123I-BMIPP were scored semi-

quantitatively, and clinical characteristics and angiographie findings
were compared between the patients with the normal and abnormal
123I-BMIPP images. Results: There were 9 patients with normal and
11 patients with abnormal 123I-BMIPP images. Severe coronary

stenosis exceeding 90% (91% compared with 44%, p < 0.05) and
99% (82% compared with 0%, p < 0.01) and collateral opacification
(36% compared with 0%, p < 0.05) were more frequently observed
in patients with abnormal 123I-BMIPP images than in those with

normal images. Percutaneous transluminal coronary angioplasty or
coronary artery bypass grafting was performed in 22% of patients
with normal 123I-BMIPP images and in 82% of patients with abnor
mal 123I-BMIPP images (p < 0.01). Conclusion: Fatty acid meta
bolic imaging with 123I-BMIPP can determine the functional severity

of coronary artery disease and is helpful for a clinical judgment in
interventional treatment.
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Aodine-123-beta-methyl-p-iodophenyl-pentadecanoic acid (123I-

BMIPP) has been used as a tracer for myocardial fatty acid
metabolism (/). Assessment of cardiac energy metabolism by
123I-BMIPP permits characterization of the metabolic status of
various cardiac diseases (2-10). Many reports have shown that
myocardial accumulation of I23I-BMIPP is decreased in com

parison with flow tracer in acute and subacute myocardial
infarction and unstable and stable angina (6,8,10-12). This
"mismatching" phenomenon is most frequently observed after

coronary thrombolysis in patients with an acute or subacute
myocardial infarction (6,8). Such decreased myocardial uptakes
of 123I-BMIPP have been observed in the presence of normal
99mTc-labeled methoxy-isobutyl isonitrile (99mTc-sestamibi)
distribution, and thus metabolic imaging with I23I-BMIPP is

more sensitive for detecting myocardial ischemia than perfusion
imaging with 99mTc-sestamibi in patients with stable and

unstable angina (11,12). However, clinical implications of
decreased I-BMIPP uptakes in the myocardium have not
been rigorously examined.

The purpose of this study was to clarify the clinical signifi
cance of decreased myocardial uptakes of 123I-BMIPP in
unstable angina. The feasibility of 123I-BMIPP imaging to

determine the severity of myocardial ischemia and the indica
tion for coronary intervention was tested. Resting I23I-BMIPP

imaging was performed in patients with unstable angina, and
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clinical characteristics and angiographie findings were com
pared between the patients with normal and abnormal I23I-

BMIPP images.

MATERIALS AND METHODS

Subjects and Study Protocol
Twenty patients with unstable angina (worsening effort angina)

were examined. The subjects consisted of 15 men and 5 women
with a mean age of 67 yr. Chest pain suggestive of myocardial
ischemia had to occur within 1 wk before admission. The exclusion
criteria consisted of: previous well-documented myocardial infarc
tion, known coronary anatomy, previous percutaneous transluminal
coronary angioplasty (PTCA) or coronary artery bypass grafting
(CABG) and refused consent. Blood levels of total creatine kinase
and its MB fraction were obtained upon admission every 6 hr for
48 hr. Patients with an acute myocardial infarction, determined by
a doubling of the creatine kinase levels with the presence of MB
fraction or the appearance of a new Q wave, were also excluded
from this study. All patients were treated with nitroglycerin,
heparin, aspirin, beta-blockers or calcium antagonists. Patients in
whom medical therapy was unsuccessful in controlling chest pain
were excluded because coronary arteriography was performed
before radionuclide studies.

After receiving medication and controlling chest pain, scintig-
raphy was performed at resting condition in the pain-free state.
Myocardial perfusion imaging with 99mTc-sestamibi was per
formed 1-3 days after admission, and myocardial fatty acid
metabolic imaging with 123I-BMIPP was obtained 2 days after
99mTc-sestamibi imaging because 99mTc was always available in

our hospital. The written informed consent was obtained from all
subjects. The study protocol was approved by the Committee of
Human Research of Yamagata University School of Medicine.

Myocardial Imaging with Technetium-99m-Sestamibi and
Iodine-123-BMIPP

Technetinm-99m-Sestamibi. After an overnight fast, an 18-gauge
Teflon catheter was placed in an anterior-cubital vein, and a dose
of 370 MBq of 99mTc-sestamibi was injected intravenously. Myo
cardial SPECT imaging was performed 60 min after the 99rrTc-

sestamibi administration as previously described (11-13). All
images were obtained on a rotating gamma camera equipped with
a parallel-hole, high-resolution collimator. Seventy-two images
were obtained over a 360Â°arc. Energy discrimination was provided

by a 20% window centered at 140 KeV. Each image was accumu
lated for 30 sec. The data were stored on a 64 X 64 matrix. Data
processing was performed on a nuclear medicine computer system.
A series of contiguous transaxial images of 6-mm thickness were
reconstructed by means of a filtered backprojection algorithm
without attenuation correction. These transaxial images were then
reoriented in the short axis, vertical long axis and horizontal long
axis of the left ventricle.

Iodine-123-BMIPP. After an overnight fast, a dose of 148 MBq
of I23I-BMIPP was injected intravenously in the resting supine
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FIGURE 1. Coronary angiograms (A)and
myocardial images with 123I-BMIPP and
""Tc-sestamibi (B) of a patient with

worsening effort angina (patient 20 in Ta
ble 1). Left anterior descending artery
was occluded, and well-developed col

lateral vessels were seen from the right
coronary artery. lodine-123-BMIPP up

takes were reduced in the anterior, septal
and apical regions of the left ventricle,
although ""Tc-sestamibi images showed

normal distribution.

position (Â¡1,12,14). The patients were carefully repositioned by a
laser positioning device at the same position as in the ""Tc-

sestamibi studies. Data acquisition was begun 20 min after the
I23I-BMIPP injection. The process of image acquisition was the
same for 99mTc-sestamibi with the following exceptions: the

imaging time per projection was 50 sec, and a 20% window was
centered at the 159 KeV photopeaks of I23I.The accumulated data
were processed in a manner identical to that for the 99mTc-

sestamibi studies.
Image Interpretation. The myocardial distributions of 99mTc-

sestamibi and mI-BMIPP were analyzed in the three standard

orthogonal tomographic imaging planes as follows: the anterior,
septal, inferior and lateral regions in the short axis view; the
anterior, apical and inferior regions in the vertical long axis view;
and the septal, apical and lateral regions in the horizontal long axis
view. The left ventricle was divided into nine segments by splitting
the anterior, septal, inferior and lateral walls into basal and apical
segments, including an extra segment for the apex (13,14). The
image was interpreted by two independent observers who were
unaware of the clinical history and angiographie findings of the
patients. A 5-point scoring system was used for evaluating the
regional myocardial uptakes of the tracer as described previously
(13,14). Scoring was as follows: 0 = normal, 1 = slightly reduced,
2 = moderately reduced, 3 = severely reduced and 4 = no activity.

The grading was settled by consensus between the two observers.
When they disagreed on the results, the third observer reviewed the
images, and his judgment was chosen. Scores of greater than 2
were considered to be significant.

Echocardiography
Two-dimensional echocardiography was performed for the as

sessment of left ventricular wall motion by an experienced cardi
ologist. Standard parasternal short- and long-axis views and an
apical four-chamber view were recorded on videotapes. The
echocardiograms were analyzed on a monitor by two independent
observers who had no knowledge of the patients' clinical data. The

left ventricle was divided into five segments in each view, and the
level of segmental wall motion was scored as follows (//): 0 =
normal, 1 = mild hypokinesis, 2 = moderate hypokinesis, 3 =
akinesis and 4 = dyskinesis. Inadequately visualized segments
were excluded in this study. When the first two observers did not
agree, the judgment of the third investigator was used.

Coronary Arteriography
Selective coronary arteriography was performed in multiple

projections with the standard Judkins' technique. Coronary arte-

riograms were interpreted by three experienced observers unaware
of the clinical and scintigraphic findings of the patients. After the
inspection of coronary angiograms in all views, the frame of
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TABLE 1
Clinical Characteristics of Patients

Patientno.1234567891011121314151617181920M

= male;Age(yr)7675596362716667575961647475686361787067F=female;descending
artery; RCA =123I-BMIPPSexMMMFMMMFMFMFMMMMMMFFCAOANT01100002001001002002SEP00000001000000001001APX12201003002002013003=

coronaryarteriography;right

coronary artery;INF21000101001000012000ANT

=LAT02000020000200030000LAD259090909099509975507510025100anterior;SEP =GAGRCA9990752525255025752550septal;APXLCX

Collateral99

+9099+2599909099++=

apex; INF = inferior;PTCA/CABG

AsynergyRCALAD,

RCA, LCX*+LAD,

LCXLAD

+LCXLAD

+LADLCX+LCX

+LAD
++LAD

+LAT

= lateral; LAD = leftanteriorLCX
= left circumflex artery.

optimal clarity, showing lesion at maximal narrowing and arterial
silhouette in sharpest focus, was selected, and the severity of
coronary stenosis was expressed as a percent of luminal diameter
reduction. Stenoses of large diagonal or marginal branches were
considered to be lesions of the left anterior descending artery or
circumflex artery, respectively. The level of collaterals were
graded as follows: 0 = none, 1 = filling of side branches only, 2 =
partial segments of the epicardial segment and 3 = complete filling
of the epicardial segment. The presence of collateral vessels was
considered to be positive when the score was 2 or 3.

Statistics
The differences in proportion were examined by a chi-square test

and Fisher's exact probability test. A p value of <0.05 was

considered significant.

RESULTS

Case Presentation
Figure 1 shows coronary arteriograms (Fig. 1A) and myocar-

dial images with I23I-BMIPP and99mTc-sestamibi (Fig. IB) of

a patient with worsening effort angina (patient 20 in Table 1).
The left anterior descending artery was occluded, and well-
developed collaterals were seen from the right coronary artery.
Reduced uptakes of 123I-BMIPP were seen in the anterior,

septal and apical regions in the left ventricle, although perfusion
images with 99mTc-sestamibi were normal.

Comparison of Characteristics of Patients with Positive
and Negative lodine-123-BMIPP Images

Myocardial uptakes of 99mTc-sestamibi were reduced in 4
patients, and the remaining 16 patients showed normal 99mTc-

sestamibi images. There were 9 patients with normal and 11
patients with abnormal I23I-BMIPP images. The sensitivities

for detecting organic coronary stenosis of greater than 75%
were 29% (4 of 14) in 99mTc-sestamibi and 71% (10 of 14) in
123I-BMIPP (p < 0.05). The scintigraphic results and angio

graphie findings were summarized in Table 1. There were no
differences in age, sex and location of coronary artery stenosis

between the patients with normal and abnormal 123I-BMIPP
images. The sites of the decreased 123I-BMIPP uptakes corre

sponded to the most stenotic coronary artery lesions in all cases.
As shown in Figure 2, severe coronary stenosis of exceeding
90% (91% compared with 44%, p < 0.05) and 99% (82%
compared with 0%, p < 0.01 ) and collateral opacification (36%
compared with 0%, p < 0.05) were more frequently seen in
patients with abnormal 123I-BMIPP images than in those with
normal 123I-BMIPP images. PTCA or CABG was performed in

22% (2 of 9) of patients with normal and in 82% (9 of 11) of
patients with abnormal 123I-BMIPP images (p < 0.01). The

PTCA sites were corresponded to the lesions with decreased
I23I-BMIPP uptakes in all nine patients with abnormal 123I-

BMIPP images. As shown in Table 1, left ventricular wall
motion abnormalities were seen in eight patients. The presence
of left ventricular wall motion abnormality tended to be higher
in patients with abnormal I23I-BMIPP images than in those with
normal images (p = 0.067).

DISCUSSION
Assessment of cardiac energy metabolism by I23I-BMIPP

permits characterization of the metabolic status of various heart
diseases (1-10). The major component of I23I-BMIPP in
myocytes is the triglycÃ©ridepool, and 123I-BMIPP is partially

metabolized first by alpha-oxidation, followed by beta-oxida
tion (75). Although I23I-BMIPP may not be an ideal tracer for

myocardial fatty acid metabolism, the myocardial accumulation
of 123I-BMIPP is associated with triglycÃ©ridesynthesis, which

in part reflects fatty acid utilization.
As we reported previously, a reduced uptake of 123I-BMIPP

was frequently observed in the presence of normal 99mTc-
sestamibi distribution, and 123I-BMIPP was more sensitive for

detecting the myocardial ischemia due to coronary artery
stenosis than perfusion imaging with 99mTc-sestamibi in pa

tients with unstable angina and stable effort angina (11,12). In
this study, out of 14 patients with coronary stenosis of more
than 75%, six patients had abnormal I-BMIPP images
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FIGURE 2. Comparison of incidence of coronary stenosis of greater than 90% (A) and 99% (B), collateral vessels (C) and PTCA or CABG (D) between the
patients with normal and abnormal 123I-BMIPP images. Statistical analysis was performed by a chi-square test. *, p < 0.05 by a Fisher's exact probability

test.

despite normal 99mTc-sestamibi images. Many reports have
shown that myocardial accumulation of I23I-BMIPP is de

creased in comparison with flow tracer in acute and subacute
myocardial infarction and unstable angina and stable angina
(6,8,10-12). This mismatching phenomenon is most frequently

observed after coronary thrombolysis in patients with an acute
or subacute myocardial infarction (6,8). Segments with more
reduced I23I-BMIPP uptake than 99mTc-sestamibi uptake indi

cate jeopardized but viable myocardium with a patent coronary
artery. Matsunari et al. (7) have reported that segments with
reduced 123I-BMIPP uptake show 20IT1 redistribution on exer
cise redistribution 20IT1 imaging. It has been reported that the
myocardial area, in which the uptake of 123I-BMIPP is more

decreased than that of perfusion tracer, shows increased FDG
uptake (16). These lines of evidence indicate that decreased
'â€¢3I-BMIPPuptake represents myocardial ischemia.

Exercise and pharmacological (adenosine triphosphate) stress
99mTc-sestamibi images were obtained in three and one patients,
respectively. Although myocardial 99mTc-sestamibi images at

rest were normal in all four patients, three of four patients
showed induced ischemia at stress images. In these three
patients, I23I-BMIPP showed abnormal images, but the extent

of reduced tracer uptake in the myocardium was larger in stress
99mTc-sestamibi images than in rest 123I-BMIPP images.

High accuracy of 9 "Tc-sestamibi studies for the detection of

coronary artery stenosis in patients with unstable angina was
reported (17.18). Technetium-99m-sestamibi SPECT had a
sensitivity of 96% during an episode of chest pain, which is
much higher than that of electrocardiography (35%). However,
perfusion imaging often yielded false-negative results when the
isotope was injected in the pain-free state (17). Because
coronary arteriography was performed before radionuclide
imaging in most patients with rest angina, we had only five
patients with rest angina in this study. Iodine-123-BMIPP
imaging had important implications for acute imaging in pa
tients who were having chest pain at rest but who were pain-free
at the time of imaging. In such patients, exercise testing may be
hazardous, yet flow may be normal at rest, and so a metabolic
footprint of ischemia would be valuable. In this study, resting
I23I-BMIPP detected ischemie myocardium with a higher sen
sitivity than 99mTc-sestamibi (71% compared with 29%, p <
0.05) in the pain-free state. Patients with abnormal I23I-BMIPP

images had higher incidence of severe coronary stenosis of
exceeding 90% (p < 0.05) and 99% (p < 0.01) and collateral
vessels (p < 0.05) than those with normal 123I-BMIPP images.
Nine of 11 patients (82%) with abnormal 123I-BMIPP images

received PTCA or CABG. In addition, the location of decreased

I23I-BMIPP uptake coincided well with the regions of the most

stenotic coronary artery. It is often difficult to determine the
culprit coronary artery lesion by coronary arteriography alone
in some patients with multivessel coronary artery disease.
Myocardial metabolic imaging with I23I-BMIPP might be a

clue in determining the culprit lesion and may be helpful to
guide in coronary angioplasty because it can provide functional
information concerning the severity of myocardial ischemia.

CONCLUSION
Fatty acid metabolic imaging with I23I-BMIPP can determine

the functional severity of coronary artery disease and is helpful
for interventional strategy.
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Image Enhancement of Severely Hypoperfused
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Ejection fractions computed from 99nTc-sestamibi myocardial per

fusion gated tomograms have demonstrated a high degree of
accuracy and reproducibility. Although automated algorithms ap
pear to provide reasonable endocardial outlines for patients over a
broad spectrum of cardiac diseases, in cases of severe hypoperfu-
sion, it is necessary to manually adjust contrast and brightness to
judge whether borders are correct or must be altered. Methods:
Midventricular horizontal and vertical long axis gated tomograms
were generated for 116 studies chosen on the basis of extensive,
severe myocardial perfusion defects. Automated software trans
formed cinematic tomograms into images demonstrating uniform
appearance of the myocardium throughout the cardiac cycle. Trans
formed images were introduced to edge detection algorithms for
subsequent calculation of ventricular volumes and ejection frac
tions. Results: Linear regression analysis demonstrated excellent
intraobserver reproducibility for ejection fractions (r = 0.95) and
volumes (r = 0.98). There was also good agreement of ejection
fractions (r = 0.86) and volumes (r = 0.94) with values derived from
an expert's manual drawings. In a subgroup of 22 patients, auto

mated ejection fractions from transformed images demonstrated
better agreement with independent first-pass values (r = 0.90) than
did manual measurements derived from original data (r = 0.85).
Conclusion: Image enhancement algorithmssucceeded in provid
ing accurate, reproducible gated SPECT ejection fractions in the
most difficult class of patients exhibiting severe hypoperfusion.

Key Words: gated SPECT; image enhancement; ejection fraction
J NucÃMed 1997; 38:1411-1417

Ahe importance of left ventricular (LV) ejection fraction (EF)
measurements in the clinical management of cardiac patients is
well established (1,2). EF calculations using 99mTc-sestamibi

myocardial perfusion gated tomograms have been reported
using different approaches, including simple manual techniques
(3,4), relaxation labeling combined with computed wall thick
ening (5,6) and Gaussian midmyocardial detection (7). Excel
lent reproducibility of gated SPECT EF has been reported (8),
and these measurements correlate well with those obtained by
gated blood pool equilibrium studies (9, JO), first-pass radionu-
clide angiography (7,9,11,12), echocardiography (lÃ¬),magnetic
resonance imaging (5,14) and x-ray contrast ventriculography
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FIGURE 1. Automatic endocardial borders for a case of severe hypoperfu
sion of the apico-lateral territories.

(4,11). Additionally, gated SPECT EF processing has been
automated successfully (7,9), as has selection of LV limits and
axes needed to provide input to gated SPECT EF software
(15,16).

Despite these validations and regardless of which computa
tional method is used, proper interpretation of myocardial
perfusion tomograms remains problematic in cases of severe
myocardial hypoperfusion (Fig. 1). Endocardial borders shown
in Figure 1 were generated automatically (9), and although
these are plausible, it is difficult to ascertain whether these truly
represent the actual myocardium because the apico-lateral wall
is nearly invisible in horizontal long axis (HLA) images and
because apical counts are greatly reduced in vertical long axis
(VLA) views. In addition, greatly reduced counts can defeat
algorithms, which are based on gated SPECT count densities,
designed to detect heart walls.

It is important to review images in recognizing and compen
sating for artifacts in interpreting studies (17,18). Yet, some
gated SPECT EF methods are largely divorced from a visual
appreciation of original myocardial perfusion images, despite
displaying final results in four dimensions (5,7). Some auto-
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