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An Effective Tool to Detect Lesions
Causing Unstable Angina With Multi-
vessel Disease : Iodine-123-Betame-
thyl-p-lodophenyl-Pentadecanoic Acid
Single Photon Emission Computed
Tomography
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Radiolabeled fatty acids such as iodine-123-betamethyl-p-iodophenyl-pentadecanoic acid (BMIPP)
have unique metabolic properties suggesting potential use as myocardial perfusion tracers.

The uptakes of BMIPP and thallium 201 were compared using single photon emission computed
tomography (SPECT) in 24 patients displaying unstable angina with multivessel disease at a mean of 3.4
days after admission. Coronary angiography was performed within a week. Uptake was considered nor-
mal if the activity was greater than 80% of the normal area, mildly reduced if 50% to 79%, and severely
reduced if less than 50%. The regional activities in four quadrants in short-axis slices were measured from
basal, mid and apical sets. We attempted to identify the causative lesion on dual SPECT imaging. We
planned the following management of each patient based on the results of the dual SPECT study.

BMIPP activity imaging found 4 segments (1.4%) with severe decrease, 70 (24.3%) with mild de-
crease, and 214 (74.3 %) with normal uptake. In contrast, Tl activity imaging showed normal uptake in 68
of 74 abnormal BMIPP activity segments. Furthermore, all segments with abnormal BMIPP uptake were
matched with locations of coronary artery stenosis by coronary angiography. Accordingly, coronary
revascularization (percutaneous transluminal coronary angioplasty, coronary artery bypass grafting) was
performed based on BMIPP SPECT.

Reductions in BMIPP activity were common in patients with unstable angina with multivessel disease.
BMIPP SPECT is an excellent tool for detecting the causative lesion in unstable angina. The subsequent
intervention could be performed with less risk based on the strategy of dilating the only causative lesion
which was detected by the BMIPP SPECT in patients with multivessel disease displaying unstable angina.
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under various conditions. Various efforts have been
INTRODUCTION

Fatty acids are the primary energy source for the
myocardium, but their oxidation is easily impaired

made to label fatty acid compounds to probe re-
gional fatty acid metabolism in vivo. Structurally
modified fatty acids that reveal normal myocardial
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extraction but are not readily catabolized through
the oxidative chain can be used to evaluate regional
fatty acid uptake, since they should not be catabo-
lized and should thus expose prolonged myocardial
retention.

Goodman ez al.” investigated the use of methyl
branching in position 3 of the alkanoic acid chain of
terminal iodophenyl fatty acids to inhibit B-oxida-
tion and prolonged myocardial retention. The effect
of methyl branching at the position 3 on myocardial
retention in rats was assessed by a comparison of the
distribution of the methyl-branched agent with
myocardial uptake of the corresponding straight
chain analogue, iodine-125 iodophenyl-pentade-
canoic acid (IPPA). The increased myocardial up-
take and retention of radioactivity following injec-
tion of iodine-123-betamethyl-p-iodophenyl-penta-
decanoic acid (BMIPP), in comparison with IPPA,
suggested that methyl branching at position 3 could
be an effective means of inhibiting myocardial me-
tabolism. BMIPP shows longer myocardial reten-
tion in rats than the straight chain IPPA analogue,
but not irreversible retention. Accordingly, it was
suggested that BMIPP would have a good clinical
application in myocardial image tracing. Some in-
vestigators reported that imaging of BMIPP uptake
and retention after injection indicates the presence
of metabolic abnormality in the myocardium?. Re-
cent clinical studies indicate that discrepancies in
the activities between BMIPP and thallium 201 (T1)
are often demonstrated in patients suffering from
ischemic heart disease>™”.

Unstable angina is also clinically important, not
only due to its frightening and disabling nature but
also due to the distinct possibility that it could lead
to an acute myocardial infarction®”. Accordingly,
unstable angina pectoris is a serious and potentially
dangerous condition, and management of the caus-
ative lesion must be approached with this in mind.

We have frequently found that BMIPP imaging
shows a reduction of activity in patients with un-
stable angina. Our present study was undertaken to
investigate the clinical implication of BMIPP single
photon emission computed tomography (SPECT) to
manage patients displaying unstable angina with
multivessel disease.

MATERIALS AND METHODS

Patient selection
This study included 24 consecutive patients pre-

Selected abbreviations and acronyms

BMIPP=iodine-123-betamethyl-p-iodophenyl-pentadecanoic
acid

CABG =coronary artery bypass grafting

FDG = fluoro-deoxyglucose

IPPA =iodine-125 iodophenyl-pentadecanoic acid

LAD=Ileft anterior descending artery

LCX=left circumflex coronary artery

RCA =right coronary artery

SPECT =single photon emission computed tomography

Tl=thallium

senting with unstable angina with multivessel dis-
ease from December 1993 through December 1994.
Patients with transmural previous infarction were
excluded. During this period, 46 patients were ad-
mitted to the coronary care unit with demonstrated
unstable angina. All patients had severe ischemic
symptoms (Canadian angina class III and IV) de-
spite medical therapy. All had reversible electrocar-
diogram changes of ischemia recorded at rest. All
patients were placed into the class II-B or III in
Braunwald classification of unstable angina. Coro-
nary angiograms were performed for all patients us-
ing standard techniques within 1 week of admission.
Twenty patients had single vessel disease and 24
patients had multivessel disease. Only the 24 pa-
tients displaying multivessel disease were eligible
for our study.

Dual SPECT imaging

Within 7 days after coronary angiography (mean
3.4 days), all 24 patients underwent BMIPP/T1
dual SPECT. 111MBq of both tracers was injected
intravenously. Dual SPECT imaging was started
approximately 30 min after injection. The energy
window setting was around the 70 KeV (25%
window) X-ray emission of the mercury daughter of
Tl and around the 159 KeV (20% window) X-ray
emission of the mercury daughter of BMIPP. Im-
ages were acquired using a gamma camera with a
large view field and equipped with an energy gen-
eral purpose collimator that was rotated around the
patient over a range of 180 degrees at intervals of 6
degrees for 30 sec/image. Oblique angle tomograms
(long-axis, short-axis, and horizontal long-axis re-
constructions) were obtained from dual SPECT im-
ages. No cross-talk correction was applied. The pat-
tern of uptake activity was evaluated by both visual
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Mid Apical

Activity: Normal;>80% of normal area
Mildly reduced;50% to 80%
Severely reduced;<50%

Fig.1 Diagram of left ventricular myocardial segments

and circumferential analysis. The uptake was con-
sidered normal if activity was more than 80% of the
normal area, mildly reduced if 50% to 79%, and
severely reduced if less than 50%. The regional ac-
tivities in the four quadrants of the short-axis slices
were measured from basal, mid, and apical sets.
Each slice was divided into the myocardial seg-
ments and matched according to the coronary artery
distribution as follows; septal and anterior segments
corresponded to the left anterior descending artery
(LAD), inferior segments to the right coronary ar-
tery (RCA), and lateral and posterior segments to
the left circumflex coronary artery (LCX). No iso-
lated apical perfusion was assigned to any of the
three particular flow regions (Fig. 1). We attempted
to identify the causative lesion of the multivessel
disease based on the patterns on BMIPP/TI dual
SPECT images.

Echocardiography

Wide-angle, two-dimensional echocardiograms
were obtained using multiple standard echocar-
diographic views including the parasternal long-
and short-axis or two-chamber and the subcostal
four-chamber views. The echocardiographic studies
were performed consecutively in all 24 patients
prior to the dual SPECT studies. Echocardiographic
assessment of regional wall motion was made divid-
ing the different walls into upper, middle and distal
segments. Both systolic wall thickening and inward
wall motion were evaluated visually.

Management plan

We planned the following management of each
patient based on the results of the dual SPECT study
(Fig. 2). The subsequent interventions were per-
formed with the strategy to dilate only the lesion
which was detected by BMIPP SPECT imaging.
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Fig. 2 Flow chart of management plan

RESULTS

Clinical and nucleological characteristics of

study group

Table 1 shows the findings on coronary angio-
gram, dual SPECT and echocardiogram in indi-
vidual patients. All patients had decreased uptake
area of BMIPP activity. In contrast, only three pa-
tients showed abnormal defects on Tl imaging.
Echocardiogram could reveal the ischemic lesion in
only a few patients.

Correlation of BMIPP

SPECT (Table 2)

In BMIPP SPECT there were 4 segments (1.4%)
with severe decreases in activity, 70 (24.3%) with
mild decreases in activity, and 214 segments
(74.3%) with normal uptake. In contrast, TI SPECT
showed normal uptake in 68 of 74 segments with
abnormal BMIPP activity. In addition, the sizes of
reduced uptake area in BMIPP SPECT were larger
than in T1 SPECT. Areas with decreases in BMIPP
uptake were demonstrated in all 24 patients. All
segments with abnormal BMIPP uptake were well
correlated to the locations consisting of severe
stenosis in the coronary angiograms. Accordingly,
the lesion causing the unstable angina in patients
with multivessel disease could be detected by
BMIPP SPECT (Fig. 3). The lesions were detected
on the LAD in 12 patients, on the LCX in 5 patients,
and on the RCA in 7 patients.

with thallium-201

Approach to management

Based on the identification of the causative lesion
by BMIPP SPECT, we managed 24 patients with
multivessel disease (Fig. 4). Thirteen patients un-
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Table 1 Patient characteristics

Patients (age/gender) CAG findings BMIPP defect area Tl defect area Echo hypokinetic area
63/F LAD 7) 75, RCA 1) 100, Ao-LCX 90 Posterior - -
60/M LCX 11) 99, RCA 3) 90 Posterior - -
50/M LAD 7) 90, LCX 14) 90 Anterior - -
58/M RCA 2) 90, Ao-LCX 90 Posterior - -
75/M LAD 6) 100, LCX 11) 100 Anterior - Anterior
63/M LAD 6) 90, LCX 13) 90, RCA 4) 90 Anterior - -
58/M LAD 6) 90, LCX 14) 90 Anterior - -
64/M LAD 7)99,LCX 14)90,RCA 1) 100 Anterior Anterior Anterior
56/M LAD 6) 90, RCA 2) 99 Inferior - -
74M LAD 8) 90, LCX 11) 99, RCA 1) 100 Inferior - -
76/F LAD 6) 99, LCX 12) 99, RCA 2) 90 Anterior Anterior Apex
58/M LAD 7)90,RCA 1) 90 Inferior Inferior -
45/F LCX 13) 90, RCA 3) 99 Inferior - -
69/M LMT 90, LAD 6) 99, LCX 14) 90 Anterior - Generalized hypokinesis
61/M D19)99,LCX 13) 99 Posterior - -
71/M LAD 7) 90, LCX 11) 90, RCA 2) 75 Anterior - -
56/M LAD 7)75,LCX 12) 75 Posterior - -
48/M LAD 8) 99, RCA 3) 90 Inferior - Apex
T4/F LMT 50, LAD 7) 75, RCA 2) 90 Anterior - -
62/M LAD 6) 100, LCX 14) 90 Anterior - -
58M LAD 6) 90, LCX 12) 100 Anterior - -
74/M LAD 6) 90, RCA 1) 90 Inferior - -
57/F LAD 7) 90, D1 90, LCX 12) 99 Anterior - -
68/M LAD 6) 90, RCA 4) 99 Inferior - -

The column CAG findings shows the artery and segment identity number harboring the causative lesion, and the percentage stenosis.

Ao-LCX=aortic left circumflex coronary artery;
male; F=female.

Table 2 Comparison of segmental analysis of thallium-201 and

BMIPP SPECT images
TI1-201 SPECT
BMIPP SPECT Normal Mildly - Severely
reduced reduced
Normal 214 (74.3%) 0 0
Mildly reduced 68 (23.6%) 2(0.7%) 0
Severely reduced 0 4(1.4%) 0

BMIPP SPECT showed 4 segments with severe decreases, 70 with mild
decreases, and 214 segments with normal uptake of BMIPP activity. In
contrast, TI-201 SPECT showed normal uptake in 68 of 74 segments
with abnormal BMIPP activity.

derwent balloon angioplasty of the lesion detected
by BMIPP. Palmaz-Schatz stents were implanted in
five patients at the lesion. Ten of the 18 patients who
received coronary intervention for the lesion under-
went some further dilatation at a later date. Six
patients underwent urgent coronary artery bypass
grafting of anatomically inaccessible lesions. All

LMT =left main coronary trunk; D1=diagonal 1;

CAG=coronary angiography; M=

RCA7
LAD 12

LCX 5

Fig.3 Prediction of lesion causing unstable angina in patients with
multivessel disease with BMIPP SPECT

The lesions were detected on the LAD in 12, on the LCX in 5,
and on the RCA in 7 patients.

were discharged in satisfactory condition.

Case presentation

A representative example is shown in Fig. 5. This
patient was a 63-year-old female who received a
coronary artery bypass grafting to the LCX 7 years
ago. She was admitted because of recurrent epi-
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Approach to Management
[UAP with MVD : N=24 J

STENT for CL| |CABG:Complete

revascularization

PTCA for CL

l

Staged PTCA ; Complete
Revascularization

Fig. 4 Management of 24 patients with multivessel disease

Thirteen patients received balloon angioplasty to the lesion de-
tected by BMIPP. Five patients underwent stent implantation
on the lesion. Ten of 18 patients who received coronary inter-
vention required further angioplasty at a later date. Six patients
underwent coronary bypass surgery. All patients were dis-
charged in satisfactory condition.

UAP=unstable angina pectoris; MVD=multivessel disease.
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sodes of angina, and demonstrated reversible elec-
trocardiogram changes of ischemia at rest for 15
min. She had severe symptoms despite medical
therapy. Coronary arteriography was performed 2
days after admission. She had multivessel disease;
mid portion of LAD was 75% occluded, the aorta to
LCX vein graft was 90% occluded, and the RCA
was totally occluded. She underwent BMIPP/TI
dual SPECT on the same day. A BMIPP defect ap-
peared on the posterolateral segment, while the TI
image showed normal perfusion. Based on the dual
SPECT images, we suggested the causative lesion
was the stenosis located in the vein graft to the LCX.
Therefore, we implanted a Palmaz-Schatz stent in
the vein graft. She was discharged in a satisfactory
condition 8 days after implantation of the stent.

DISCUSSION

Management of patients with unstable angina
Unstable angina is, by definition, a state of insta-
bility leading either to improvement or to myocar-
dial infarction or death'®!'V. Treatment is directed

Fig. 5 Representative case

LCA | Vein graft

Stenting | Post stent

Left : T1-201 SPECT scan showing normal myocardial perfusion. BMIPP SPECT showed mildly decreased BMIPP
activity on the posterolateral segment. A discrepancy between T1-201 and BMIPP SPECT was observed.

Right : The causative lesion was the stenosis located in the vein graft to LCX. This patient received a Palmaz-Schatz
stent implantation on the vein graft to LCX. The residual stenosis of vein graft was 10% compared to 90% occlusion

before stenting.
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first towards initial relief of acute ischemic symp-
toms and second towards prevention of progression
to myocardial infarction or death. The exact causes
of unstable angina are not established, and several
conditions either alone or in combination may be re-
sponsible. In fact, unstable angina is nearly always
associated with a high grade, fixed coronary
stenosis'>!3 and it is very likely that dynamic condi-
tions at this fixed stenosis are involved. Despite
growing experience with coronary angioplasty for
the treatment of unstable angina, coronary
angioplasty in patients with initially stabilized un-
stable angina has a somewhat lower success rate
(85-88%) and a higher major complication rate
(emergency surgery and acute myocardial
infarction) than angioplasty in patients with stable
angina'+'.

The majority of patients with unstable angina
have multivessel disease's!”. Successful dilatations
in single-vessel angioplasty procedures have been
performed with acceptable complication rates in pa-
tients with stable angina'®'®. However, there is less
acceptance of and less experience with multivessel
dilatation, especially multivessel dilatation in pa-
tients with unstable angina, since the risk inherent to
single-vessel dilatation might be compounded by
multivessel dilatation. A recent report®® showed
that major complications or failed angioplasty are
more likely to occur in patients with multivessel dis-
ease requiring emergency surgery than in patients
with single-vessel disease. Accordingly, we believe
that angioplasty of the causative lesion in patients
suffering from unstable angina with multivessel dis-
ease should be regarded as the primary strategy in
the acute stage. In most patients, this will result in
long-term success, whereas some further dilatations
or even bypass surgery may be required. In these
patients, subsequent interventions can be performed
on a more elective basis with less risk. We have
therefore adopted the concept of dilating only the
ischemia-related vessel in patients with unstable an-
gina and multivessel disease®".

Causative lesion and BMIPP SPECT study

Currently, we do not have a reliable tool to detect
the causative lesion in multivessel coronary artery
disease. Fatty acids provide the major energy source
for normal myocardium. The efficient extraction of
various radiolabeled fatty acids from plasma has led
to the development and evaluation of such agents

for myocardial imaging. Structurally modified fatty
acids were developed for myocardial imaging—
fatty acids that would show rapid, efficient myocar-
dial extraction from plasma, but because of the
structural modification would not enter the -oxida-
tion catabolic pathway and would therefore be
trapped in the myocardium'®. In the ischemic
stage, B-oxidation is easily protected and the energy
source of the myocardium is transformed from fatty
acids to glucose?. Because BMIPP is esterified to
triglycerides, it may reflect the size of endogenous
lipid pool.

We are able to demonstrate the ischemic myocar-
dium as the decreased area of fatty acid metabo-
lism by activity in BMIPP. We studied the patients
of unstable angina with multivessel disease to
evaluate the characteristic findings of BMIPP myo-
cardial images. In our study, discrepancies between
BMIPP- and Tl-imaged defects were frequently ob-
served in patients displaying unstable angina with
multivessel disease. Thus, myocardial uptake of
BMIPP was depressed in the area characterized by
severe ischemia, whereas satisfactory myocardial
blood perfusion was established in this area. These
areas were speculated to be the result of the lesion
causing the unstable angina in the multivessel dis-
ease.

Tamaki et al.”® studied 10 patients suffering from
coronary heart disease by BMIPP/T1 SPECT and
FDG (fluoro-deoxyglucose)-PET, and reported that
the areas of discrepancy between the uptake in
BMIPP and TI activity were ischemic portions of
the myocardium that demonstrated increases in
FDG activity. It was suspected that the metabolism
of fatty acids was blocked and changed to glucose
metabolism in the area of discrepancy between
BMIPP and TI activity by severe ischemia. Thus, a
combination of Tl and BMIPP myocardial SPECT
can assess myocardial ischemic damage in detail.

In addition, we could perform the subsequent in-
tervention with less risk, based on the strategy to di-
late only the causative lesion which was detected by
BMIPP SPECT in patients displaying unstable an-
gina due to multivessel disease. BMIPP SPECT is
an excellent tool for the detection of the causative
lesion in unstable angina.

Cross talk correction
The difficulty in performing dual isotope studies
is an unavoidable overlapping of the spectra of both
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isotopes, especially with the spill-over of scattered
thallium-201 photons into the iodine-123 energy
window. This phenomenon is especially detrimen-
tal in a scatter-rich environment such as the human
chest. Different corrections for thallium-201 spill-
over or special energy-weighted are proposed® but
are yet not clinically validated. This study is in es-
sence a non-quantitative comparison of thallium-
201 versus iodine-123 images. Thallium interfer-
ence on BMIPP images was not significant with our
protocol for the comparison of visual data between
sets of T1 and BMIPP images.

L3
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CONCLUSION

Coronary angioplasty in patients with unstable
angina is restricted to a limited number of patients,
even only the causative lesion is dilated in patients
with multivessel disease. The causative lesion caus-
ing unstable angina in patients with multivessel dis-
ease can be detected by BMIPP SPECT before
angioplasty with less risk. Based on the available
evidence in our study, we propose the above man-
agement of patients with unstable angina.
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