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'2].BMIPP fatty acid analogue imaging
is a novel diagnostic and prognostic
approach following acute myocardial

infarction

Biswas S K, Sarai M, Hishida H, Ozaki Y

ABSTRACT

Fatty acid oxidation is the most efficient
mode of myocardial energy production which
requires a large amount of oxygen. Thus,
alteration of fatty acid oxidation is considered
to be a sensitive marker of ischaemia and
myocardial damage. '2|-BMIPP ('2’|-B-methyl-
p-iodophenylpentadecanoic acid) is a newly-
investigated single-photon branching free fatty
acid radiopharmaceutical with slow metabolism;
thus, it is well-suited for single-photon emission
computed tomography (SPECT). Assessment
of fatty acid metabolism by radionuclide
techniques has a potential role for the early
detection of myocardial ischaemia and the
assessment of the severity of ischaemic heart
disease. Although stable patients with a healed
myocardial infarction may have a relatively good
prognosis, risk stratification in the predischarge
period should be valuable for deciding upon
appropriate management. In this respect,
the presence of discordant BMIPP uptake
relative to 2°'Tl perfusion appears to be the
best predictor of future cardiac events among
all other cardiovascular imaging modalities.
Since discordant BMIPP uptake correlates well
with redistribution on stress 2°'Tl imaging and
perfusion-metabolism mismatch on positron
emission tomography, it is considered that
such BMIPP and 2°'TI discordance may identify
a high-risk subgroup among patients with acute
myocardial infarction. A BMIPP scan may
reflect prior severe ischaemia after recovery of
perfusion, the so-called “ischaemic memory”.
Gated BMIPP SPECT has been recently
introduced for simultaneous assessment of
myocardial metabolism and ventricular function.
Such a new technique seems to be valuable fora
better understanding of the pathophysiological

state of heart failure and cardiomyopathy.
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INTRODUCTION

Glucose and free fatty acids (FFA) are major energy
sources of the myocardium. Long-chain fatty acids are
the principal energy source for the normally-oxidised
myocardium and are rapidly metabolised by B-oxidation.
Approximately 60%—80% of the adenosine triphosphate
produced in aerobic myocardium is derived from fatty acid
oxidation.('’. With ischaemia, energy metabolism shifts
to anaerobic metabolism, and the main energy substrate
changes from FFAs to glucose metabolism. Radiolabelled
fatty acids can be used to image myocardial aerobic
metabolism.® For single-photon emission computed
tomography (SPECT), several iodinated fatty acid
tracers have been introduced and studied. Of these, ZI-
B-methyl-p-iodophenylpentadecanoic acid (BMIPP) has
been the most commonly-used tracer in clinical studies,
especially in some European countries as well as Japan.®
This imaging modality provides invaluable information of
ischaemic heart disease, cardiomyopathy and heart failure.
The BMIPP scan is preferable because it can provide
suitable information for risk stratification just after an
acute myocardial infarction (AMI) without requiring the
patient to exercise; it can also detect previous ischaemic
insult even after recovery of myocardial perfusion, the so-
called “ischaemic memory”. The aim of this review was to
highlight the uniqueness and feasibility of this sophisticated
myocardial imaging technique for the evaluation of fatty

acid metabolism following AMI.

EVOLUTION OF FATTY ACID RADIO-
PHARMACEUTICALS

Numerous radiolabelled pharmaceuticals have been
used to evaluate myocardial metabolism in vivo either by
positron emission tomography (PET) or SPECT. Iodine-

123 (1) is an appropriate isotope, because it is suitable
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Fig. | A 60-year-old patient presented with an anteroseptal acute myocardial infraction. BMIPP and thallium imaging at seven days
after PCl show a decreased BMIPP uptake in the anteroseptal and apical regions, but thallium uptake was almost normal.

for labelling with metabolic substrates and relatively
easy to use with a conventional gamma camera.“® There
are two groups of iodinated fatty acid compounds, viz.
straight-chain fatty acids and modified branched-chain
fatty acids. The straight-chain fatty acids are generally
metabolised via B-oxidation and released from the
myocardium, e.g. I-15-(iodophenyl)pentadecanoic acid
(IPPA). Conversely, modified fatty acids are used, based
on the concept of myocardial retention due to metabolite
trapping, eg. BMIPP. Uses of these agents allow excellent
myocardial images to be obtained with alonger acquisition
time.© 3-methyl-branched fatty acids are metabolised in
the peroxisomes by an initial o-oxidation followed by
paroxysmal P-oxidation, a process that is slower than
the mitochondrial B-oxidation.” This principle was first
utilised by Knapp et al by the introduction of ZI-BMIPP.®
The uniqueness of this radiopharmaceutical is that it
can demonstrate a persistent disturbance of fatty acid
metabolism, even when blood flow has been reestablished,

such as with unstable angina and stunned myocardium. ®

IMAGING TECHNIQUE

BMIPP shows rapid and high myocardial uptake with a
long retention and low background. Low uptake is noted in
the liver and lungs, even at 60 minutes after the injection.
High-quality myocardial SPECT images can be obtained
approximately within 20 minutes. Generally, BMIPP is
injected in the fasting state and uptake is similar to thallium
perfusion. Regional BMIPP uptake is also compared with
regional perfusion to detect the presence of a perfusion-

metabolism mismatch. Less BMIPP uptake than perfusion

(discordant BMIPP uptake) is often observed in ischaemic
myocardium.® In sequential dynamic SPECT imaging with
a triple-headed gamma camera, it was found that the initial
distribution was similar to perfusion and the 20-30-minute
images may reflect more metabolic function. Therefore,
an early image of the BMIPP scan (at 20 minutes) might
provide both perfusion and metabolism of the myocardium,
and ameliorate the use of an extra perfusion tracer, e.g.
thallium (*1T1) or tetrofosmin.®1? Greater BMIPP uptake
than thallium perfusion is occasionally observed in septal
and inferior regions in normal subjects, probably due
to the greater photon attenuation of 2°'Tl in these areas.
The importance of scatter correction is noted for accurate

estimation of such areas on the BMIPP scan.®?

UNIQUE ROLE FOR THE EVALUATION OF
MYOCARDIAL INFARCTION

Several studies have focused on assessing perfusion and
metabolic changes in patients with AMI after successful
coronary intervention. The defect size on BMIPP SPECT
myocardial scintigraphy may stratify the area at risk, even
if it is performed several days after myocardial infarction
(MI).9%1% Thig imaging can provide unique intracellular
information which cannot be obtained by angiographical,
perfusional or other functional analysis. BMIPP and
perfusion imaging in patients with AMI have demonstrated
three different correlations between myocardial
perfusion and fatty acid metabolism: (1) Concordant
defects in perfusion and BMIPP scan represent a scar or
non-viable tissue. (2) Lower BMIPP uptake relative to

perfusion (perfusion-metabolism mismatch) implicates



a metabolically-damaged, often dysynergic, but viable
myocardium (Fig. 1). (3) Equivalently-normal uptake of
the radiotracer in perfusion and BMIPP scan represent
a completely salvaged myocardium. Identification of
these perfusion-metabolism correlations contribute to the
prediction of an ischaemia-related myocardial injury, post-
interventional functional recovery of the myocardium, and
patients who have myocardium at ischaemic risk.

In patients with AMI, less BMIPP uptake than 2°'T1
is often seen in those patients who have myocardial wall
motion abnormalities relative to perfusion abnormality.1®
Less BMIPP uptake than ?*"Tc-sestamibi in subacute
MI was also reported in a European group.4”!® The
areas of difference between the perfusion and fatty acid
metabolic abnormalities in the subacute phase of MI after
revascularisation correlated with the amount of salvaged
myocardium.” Many other investigators observed that
the areas of less BMIPP uptake, compared to perfusion
in the acute and subacute phases of MI, had improvement
in wall motion abnormalities in the follow-up study.®%-2>
BMIPP abnormalities may persist even after recovery of
the regional wall motion. Such persistent abnormalities
may be associated with a persistent increase in the
fluorodeoxyglucose (FDG) uptake, supporting the theory
that the abnormal BMIPP uptake after revascularisation
may be the result of metabolic alterations.®® The delayed
recovery of metabolic functionis often seen after recovery
of perfusion, #2427

Transientleft ventricular (I.V) dysfunction, mimicking
AMI with normal coronary arteries, has recently been
documented in Japan; this disease has been named Tako-
tsubo-like LV dysfunction.®® Angiographical studies
show LV asynergy in the apical region, but this asynergy
dramatically resolved in a short time. This disease often
showed a reduced BMIPP uptake but an almost normal
perfusion in the regions of asynergy, and a slow recovery of
BMIPP uptake with recovery from asynergy in the apical
regions.® These findings may suggest that the transient
LV dysfunction in this peculiar disease may essentially be

a stunned myocardium.

TIME INTERVAL AFTER MI AND CARDIAC
SCAN FOR BETTER INTERPRETATION OF
DISCORDANT FATTY ACID METABOLISM
AND PERFUSION

Higuchi et al investigated the impact of brief intervals
of total coronary artery occlusion and reperfusion on the
myocardial uptake of BMIPP for the precise interpretation
of scintigraphic findings involving BMIPP and its
comparison with 2'T1 uptake. They observed that BMIPP

uptake in the area at risk transiently increased in the acute
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phase (20 min and 1 d), decreased in the subacute phase
(3 d and 7 d), and recovered in the chronic phase (30 d).
In contrast, changes in perfusion were minimal from the
acute phase to the chronic phase.®” Therefore, distinct
mismatches between perfusion and metabolism were
observed in the area at risk in the acute and subacute phases.
Discordance between BMIPP uptake and perfusion tracer
uptake is associated with revascularisation after AMI. 132
However, higher BMIPP uptake is occasionally observed.
In a chronically hypoperfused myocardium, an increased
BMIPP uptake relative to perfusion was detected, which is
different from the depressed BMIPP uptake often reported
in sub-AMI.®® Therefore, the interval from MI might be
an important factor for the interpretation of BMIPP cardiac

scintigraphic data.

PROGNOSTIC VALUES OF THE BMIPP SCAN
When treating patients with MI, it is well-established
that those with LV dysfunction face a worse prognosis,
compared to those with a preserved ventricular
function.®43% For the prediction of prognosis, previous
studies have suggested that the BMIPP scan is useful
for the evaluation of a functional recovery of the
myocardium.®%¥” Since discordant BMIPP and 2°'TI
uptake correlate well with redistribution of 2Tl on stress
imaging and perfusion-metabolism mismatch on PET, it
is considered that such a discordant uptake of these two
tracers on myocardial SPECT scintigraphy might identify
a high-risk subgroup among the patients with AMI. 6840

RISK STRATIFICATION

BMIPPimaging as a means of risk stratification has several
advantages. First, it is usually performed at rest without
requiring the patient to exercise. Thus, BMIPPimaging can
be applied even in the acute stage of MI and in patients with
stable angina.“” Second, discordant BMIPP uptake seems
to be observed more often than redistribution on stress
PIT] images.®® It has been observed that the discordant
BMIPP uptake is a better predictor of cardiac events than
PIT] reversibility, and Cox regression analysis showed
the presence of discordant BMIPP uptake to be the best
(and an independent) predictor of future cardiac events.
Third, BMIPPimaging provides metabolic information in
a routine clinical setting without requiring the use of an

expensive positron camera.“®

LIMITATION FOR THE ASSESSMENT OF
MYOCARDIAL VIABILITY

PET is considered to be the gold standard for the
noninvasive detection of viability with nuclear cardiology

techniques,“? and it is noteworthy that a metabolic
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Fig. 2 A 26-year-old female patient presented with hypertrophic cardiomyopathy (HCM). On BMIPP and thallium scans, there is a
strikingly decreased uptake of BMIPP but almost normal uptake of thallium in the septum.This is the typical finding of HCM.

mismatch (glucose/fatty acid mismatch) is superior
to a metabolic/perfusion mismatch (FDG/MIBI or
BMIPP/MIBI) for an accurate prediction of the regional
and global functional recovery after revascularisation.
Therefore, revascularisation of the myocardium with a
higher metabolic mismatch will be expected to have a

more beneficial effect.“?

ASSESSMENT OF MYOCARDIAL ISCHAEMIA

The supply and demand for myocardial blood flow are
balanced through the myocardial flow reserve (MFR) in
chronic stable angina. The increased demand beyond the
adjustable range of MFR results in myocardial ischaemia.
In the ischaemic condition, both substrate and oxygen are
insufficient; in such circumstances, oxygen insufficiency
preceded substrate insufficiency in all tissues, including
the myocardium. In other words, myocardial ischaemia
is regarded as a relative hypoxia.“? Hypoxia inhibits the
activity of peroxisome proliferator-activated receptor-
alpha (PPARw).
(CPT1), the rate-limiting enzyme for long-chain fatty acid

Carnitine palmitoyltransferase-1

oxidation in the mitochondria, and mitochondrial fatty acid
B-oxidation (FAO) are regulated by PPARc. ® Repetitive
hypoxia due to reduced MFR possibly decreases the
activity of PPAR0, thus fatty acid metabolism shifts to
glucose metabolism.“>

Less BMIPP uptake than perfusion may be the result
of a delayed recovery of metabolism after recovery of
perfusion, or stunning. Thus, BMIPP may reflect prior
severe ischaemia after recovery of perfusion, i.e. so-

called “ischaemic memory”.®!® This phenomenon can

be better explained with Fig. 1. Occlusion-reperfusion
canine studies with chronic ischaemia suggest prolonged
metabolic alteration over four weeks after 30 minutes of
coronary occlusion, which is associated with sustained
myocardial dysfunction.“® One meta-analysis indicated
that BMIPP SPECT imaging at rest may provide quite
acceptable sensitivity (74%) and high specificity
(87%) for identifying coronary patients. Furthermore,
the BMIPP abnormalities seem to be associated with
unstable angina, regional wall motion abnormalities, and
electrocardiographical abnormalities.“® Recently, one
study applied both BMIPP and tetrofosmin perfusion
SPECT imaging to patients with acute chest pain without
evidence of AMI. It was revealed that BMIPP imaging
was more sensitive for detecting organic stenosis and
coronary spasm (74%) than tetrofosmin imaging (38%)
(p < 0.001) and the specificity of BMIPP was greater than
90% in patients with acute chest pain with normal coronary

angiography.®®

POTENTIAL LIMITATIONS

BMIPP imaging generally requires 2°'Tl imaging for the
precise evaluation of differences in perfusion and fatty
acid metabolism. A decrease in BMIPP uptake suggests
changes in the fatty acid metabolism. However, it may
not differentiate an ischaemic myocardium from a
myocardial scar.“? No method has yet been established
for the quantification of BMIPP uptake. However, visual
assessment 1s unavoidable because attenuation correction
is not available for SPECT and it provides only a relative

display of tracer uptake. Thus, breast attenuation and



diaphragmatic attenuation cause an underestimation of
BMIPP uptake.“»

PROMISING ROLE OF THE BMIPP SCAN

BMIPP imaging may play a promising role for assessing
the pathophysiology, development and worsening of heart
failure.® In the canine model of heart failure produced
by rapid heart pacing, a significant reduction of BMIPP
uptake was observed in relation to the reduction of cardiac
output and ejection fraction (EF).®” Gated BMIPP SPECT
has been introduced for the simultaneous assessment of
myocardial metabolism and contractile reserve, viz. wall
motion, EF, end-diastolic and end-systolic volumes.®152
Such a new technique seems to be valuable for the
better understanding of the pathophysiological state in
patients with heart failure. One of the clinical potentials
of metabolic imaging is the differentiation of ischaemic
cardiomyopathy from primary dilated cardiomyopathy as
both diseases share similar features, such as chronic heart
failure, diffuse hypokinesis, and markedly-decreased L.V
EE®

Another important feature of metabolic imaging is
to provide a treatment strategy for patients with chronic
heart failure. The decrease in the BMIPP uptake in patients
with dilated cardiomyopathy may be a poor responder for
beta-blocker therapy, whereas those with a relatively-
preserved BMIPP uptake may respond well to the therapy
on the basis that a severely-injured myocardium may be
least likely to respond to the medical treatment.> BMIPP
has been extensively studied in patients with hypertrophic
cardiomyopathy in Japan, including at this institute.
A heterogeneous distribution of BMIPP is commonly
observed in hypertrophied myocardium, independent
of ITI perfusion. Although the Tl uptake is rather
heterogeneous in a hypertrophied septal region, BMIPP
uptake is strikingly decreased, indicating a perfusion-
metabolism mismatch®*® (Fig. 2). Such a decrease in the
BMIPP uptake is particularly prominent in the anteroseptal

and posteroseptal junctions and the apical regions.®>

CONCLUSION

BMIPPimaging combined with perfusion imaging permits
the detection of ischaemic and viable myocardium on the
basis of alteration of myocardial fatty acid metabolism.
The study of metabolic imaging has recently been focused
on identifying post-ischaemic insult as “ischaemic
memory imaging”. Gated BMIPP SPECT is now also
available, which can provide L.V metabolic function as
well as contractile functional reserve simultaneously.
More research on this unique imaging technology that

will expand the utilisation of fatty acid metabolic imaging
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for the proper diagnosis and prognosis of ischaemic heart

disease is required.
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