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ABSTRACT 
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lodine-123-labeled fatty acids represent unique metabolic probes for correlation of energy 

substrate metabolism with regional myocardial viability. Interest in the use of these agents results 

from differences which are often observed in various types of heart disease between regional 

myocardial fatty acid uptake patterns and flow tracer distribution. Although the physiological basis 

is not completely understood, differences between regional fatty acid and flow tracer distribution may 

reflect alterations in important parameters of metabolism which can be useful for patient management 

or therapeutic strategy decision making. The iodine-123-labeled 15-(p-iodophenyl)-3-R,S-

methylpentadecanoic acid (BMIPP) fatty acid analogue was developed at the Oak Ridge National 

Laboratory (ORNL) and was recently introduced as "Cardiodine™" in 1993 by Nihon Medi-Physics 

for commercial distribution in Japan. lodine-123-BMIPP is also being used in clinical studies on an 

ihslifutf6riaTap"pr6vartrasis""at severaTlristifufioris in" Europe "arid the IXS7 This paper"describes the 

development of the concept of fatty acid "metabolic trapping" of methyl-branched fatty acids and their 

use for single photon emission computerized tomographic (SPECT) cardiac imaging. 

INTRODUCTION 

The goals of this paper are to provide a brief overview of the development and applications 

of iodine-123-labeled methyl-branched fatty acids. The availability of thallium-201 and various new 

technetium-99m-labeled perfusion tracers provides diagnostic agents for acute planar and SPECT 

cardiac imaging on a 24 hour basis. The use of iodine-123-labeled fatty acids may provide 

complementary information on myocardial viability, for example, for identifying and assessing the 

presence of salvageable tissue. Because of the relatively long acquisition periods required for 

SPECT acquisition, structurally-modified fatty acids have been developed to inhibit myocardial 
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catabolism and delay tracer clearance, lodine-123-fatty acid cardiac SPECT may have an important 

role, for example, because of false positive results often encountered with traditional thallium-201 and 

technetium-99m "Sestamibi" (MIBI) SPECT in the identification of threatened viable myocardium. 

Naturally occurring long-chain fatty acids such as paimitic acid represent the principal energy 

source for normoxic myocardium and are rapidly catabolized by /3-oxidation (Figure 1). The 

significant time required for data acquisition (e.g. 15-30 minutes) by early generation single- or dual-

head SPECT systems requires minimal redistribution during the acquisition period for accurate 

evaluation of regional fatty acid distribution. Extensive research has thus focussed on the 

introduction of structural modifications into the fatty acid chain, which would not interfere with 

myocardial extraction, but would inhibit subsequent 8-oxidative catabolism, as illustrated in 

Figure 2. The goal is to "freeze" the initial regional uptake pattern. Delayed myocardial tracer 

clearance permits SPECT acquisition with minimal changes in distribution occurring during the 

imaging protocol (Figure 3). These "modified" fatty acids must be compatible with myocyte 

recognition and subsequent extraction similar to endogenous fatty acids following intravenous 

administration. The differences between the chemical structures of the "modified" and "natural" fatty 

acids are reflected in their relative wash-out kinetics following extraction (Figure 3). Several recent 

publications have discussed various aspects of the development and use of radioiodinated methyl-

branched fatty acids (Figures 4-5), and include the "Proceedings" from the First \ Second z and Third 

3 Workshops on Radiolabeled Free Fatty Acids, and a book on imaging of cardiac metabolism.4 
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IODINE-123 IS THE BEST RADIOISOTOPE FOR FATTY ACID CARDIAC SPECT 

Cardiac imaging in humans with fatty acids was first demonstrated in 1965 with iodine-131-

labeled "iodooleic acid".5 During the intervening 30-year period, use of radiolabeled fatty acids for 

myocardial imaging has fascinated many investigators, lodine-123 is now accepted as the 

radioisotope of choice for radiolabeling fatty acids for SPECT, although technetium-99m would be 

expected to be the best candidate because of low cost and availability. A discussion of the 

approaches which have been pursued for development of Tc-99m-labeled fatty acid analogues is 

beyond the scope of this paper. As illustrated for one example in Figure 4 (Tc-BAT-PDA), however, 

the structural and stereochemical consequences of the relatively large chelating groups required for 

attachment of technetium-99m to fatty acid analogues significantly decrease myocardial uptake6. 

Because of excellent imaging properties and the wide variety of chemical methods available for 

attachment to organic molecules, iodine-123 is the best radioisotope for fatty acid labeling for single 

photon imaging. Research in the SPECT area has thus focussed on the development of iodine-123-

labeled methyl-branched fatty acids. High purity iodine-123 is routinely available in many countries 

and decreasing costs would be expected to increase availability and use. 

"MYOCARDIAL TRAPPING" OF STRUCTURALLY-MODIFIED FATTY ACIDS 

In the 1970's and early 1980's, measurement of myocardial washout of free radioiodide 

released from rapid myocardial catabolism of radioiodinated straight-chain iodoalkyl-substituted fatty 

acids was extensively evaluated and promoted as a method to evaluate "metabolism" by planar 

imaging.7 The time period required for SPECT imaging with single and even double-head cameras, 

however, requires the design and development of fatty acids which do not show rapid metabolism 



5 

and myocardial tracer washout. In our early research at ORNL, we first synthesized and screened 

fatty acid analogues which contained the tellurium heteroatom (Te) in the fatty acid chain (Figure 4). 

We had developed the concept of heteroatom insertion in the alkyl chain of the modified fatty acids 

in order to inhibit "metabolism" for SPECT imaging. These studies represented the first 

demonstration that such a drastic modification could be made without interfering with myocardial 

fatty acid extraction.8"10 Incorporation of the radioactive teilurium-123m heteroatom into the fatty acid 

chain was the first approach to the development of a modified fatty acid in which a structural 

perturbation was introduced to inhibit or interfere with 3-oxidation, and thus prolong the myocardial 

residence time of the radiolabeled agent following flow-dependent myocardial extraction. These 

studies demonstrated that the modified fatty acids were extracted similar to natural fatty acids, and 

as expected, the total chain length was an important factor.11 

The long 119 day half-life and low specific activity of tellurium-123m, however, required an 

alternative strategy. We then synthesized and evaluated "bifunctional" analogues in which the non

radioactive tellurium heteroatom was inserted within the fatty acid chain to increase myocardial 

retention. Radioiodine was then attached to the terminus of the fatty acid by stable attachment as 

a para-iodophenyl group 1 2" 1 4 or a trans vinyl iodide. 1 s ' 1 8 These analogues demonstrated high 

myocardial extraction and prolonged retention and structure-activity studies demonstrated that both 

total chain length and position of the heteroatom were important structural features affecting 

myocardial extraction and clearance kinetics. The development of these analogues thus represented 

an important foundation for further development of the concept of metabolic blocking using 

radioiodinated fatty acids for cardiac imaging. Organotellurium compounds readily decompose and 

are susceptible to atmospheric oxidation, however, making the Te fatty acids impractical for routine 

use. We then extended this research with the development and evaluation of methyl-branched fatty 

acid analogues. 
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METHYL-BRANCHED FATTY ACIDS SHOW PROLONGED MYOCARDIAL RETENTION 

The use of methyl-branched fatty acids is based on the expected inhibition of 8-oxidation by 

the presence of a methyl group in the (3-position (Figure 2). We developed 15-(p-iodophenyi)-3-R,S-

methylpentadecanoic acid analogue (BMIPP) at ORNL 1 9" 2 1 with radioiodine stabilized by attachment 

to the para-position of the terminal phenyl ring based on the linear structure of 

15-(p-iodophenyl)pentadecanoic acid (IPPA)22 (Figure 4). The IPPA analogue has been was widely 

studied in both animals and humans, and its metabolism is well understood.23 A large number of 

well-established chemical methods which are easily adapted to "kit" radiolabeling are available for 

para-radioiodination. High specific activity is not required, since the radioiodinated fatty acid are 

diluted by the plasma free fatty acid pool. 

Although a discussion of the chemical development and use of various radioiodination 

strategies is beyond the scope of this paper, significant research efforts have been conducted at 

many institutions for over a decade. Other analogues in which radioiodine is stabilized on methyl-

branched fatty acids by attachment to a terminal vinyl iodide have also been evaluated. One 

example is 19-iodo-3-R,S-methyl-18-octadecenoic acid (BMIVN, Figure 4), which also exhibits 

prolonged myocardial retention in comparison to a linear, straight-chain analogue, and is stored by 

incorporation into triglycerides.24'28 The corresponding 3,3-dimethyl analogue (Figure 4), shows 

increased myocardial retention in comparison with the 13-monomethyl analogue, a difference similar 

to the relative myocardial retention of BMIPP and DMIPP described earlier.26'29 A variety of other 

examples are illustrated in Figure 4, and include the 14-(p-iodophenyl)-3-R,S-methyltetradecanoic 

acid (BMIPT) analogue, which has an alkyl chain containing one less carbon than BMIPP.30'31 

In the iodoakyl-substituted series, one example is 17-iodo-3-R,S-methyiheptadecanoic acid 

analogue 3 2 , which Fagret and colleagues used to evaluate time-activity curves of the afflux of 



radioactivity from rat hearts perfused by the Langendorff technique following bolus administration of 

radioiodinated fatty acids into the in-flow. The a-R,S-monomethyl-, a,a-dimethyl and I3-R,S-

monomethyi- and l3,B-dimethyl analogues of 16-iodohexadecanoic acid were also evaluated. These 

studies demonstrated that the B-dimethyi analogue exhibited the longest myocardial retention.33 

Studies evaluated the global myocardial uptake and clearance kinetics of these analogues in both 

mice and dogs, demonstrating that the 16-iodo-3-R,S-methylhexadecanoic acid analogue had the 

longest retention in comparison to the other analogues and was identified as a candidate for human 

studies.34 To obtain a greater understanding of the effects of methyl-branching on metabolism, more 

recent studies have evaluated the metabolism of these methyl-branched analogues in primary 

cultures of isolated rat hepatocytes which compared the metabolism of the various [1-125]-labeled 

analogues with [1-14C]-palmitic acid. 3 3 While all of the analogues exhibited significant deiodination, 

the monomethyl-branched analogues exhibited greater esterification in triglycerides than the 

corresponding dimethyl analogues. 

Our studies also pursued evaluation of the influence of the methyl group in BMIPP on 

myocardial metabolism in rat hearts \n vivo 3 6" 3 7 and isolated Langendorff-perfused rat hearts3 8"4 2, 

which demonstrated incorporation of BMIPP into triglyceride storage products correlating with the 

observed myocardial retention. Other studies in rats in vivo 4 3" 4 4 and isolated Langendorff-perfused 

rat hearts, however, have in contrast demonstrated that cellular accumulation of radioactivity involves 

accumulation of free BMIPP with the minimal incorporation into the triglyceride pool. It is unclear 

why these data are in direct contrast to other data which demonstrated significant incorporation of 

radioiodinated BMIPP into the triglyceride pool both in vivo and in isolated rat hearts. Studies have 

also clearly demonstrated differences in BMIPP and flow tracer distribution in the hearts of 

hypertensive animals using high resolution autoradiographic techniques. 4 5 - 4 6 The results of these 

key studies have direct clinical relevance and have stimulated interest in the clinical applications of 



[I-123]-BMIPP discussed later. 

ANIMAL STUDIES WITH RADIOIODINATED BMIPP 

Results of our detailed triple-label studies comparing the relative uptake and clearance 

kinetics of IPPA, BMIPP and DMIPP in rat hearts in vivo, clearly illustrated the expected effects of 3-

methyl substitution (Figure 6). Animal studies with radioiodinated BMIPP have also evaluated the 

regional myocardial distribution of this tracer in various cardiac disease models, and paved the way 

for subsequent human studies {vide infra). Significant differences between flow tracer (thallium-201) 

and methyl-branched fatty acid distribution in the free wall of the left ventricle and septal regions of 

hearts from hypertensive rats4 5"4 6 and rat and hamster models with hypertrophic and cardiomyopathic 

heart disease.47"49 JResu Its of a typicaj autoradiographic study illustrating this difference is shown in 

Figure 7. BMIPP has also been used to evaluate cocaine-induced regional myocardial metabolic 

changes in hypertensive rats by comparison of regional perfusion of thallium-201 with differences in 

2-deoxyglucose (2-DG) and radioiodinated BMIPP uptake.5 0'5 1 While global perfusion is increased 

with cocaine, 2-DG uptake decreases with a concomitant increase in BMIPP uptake. These studies 

may provide insight to help delineate the physiological factors which lead to sudden cardiac death, 

often encountered with high risk hypertensive cocaine abusers. 

As shown in the myocardial washout time-activity curves in Figure 6, the geminal 3,3-dimethyl 

analogue of BMIPP, 15-(p-iodophenyl)-3,3-dimethylpentadecanoicacid (DMIPP), shows much longer 

retention than BMIPP. 2 6 ' 2 7 , 2 9 ' 5 2 Since BMIPP exhibits slow myocardial washout, introduction of two 

methyl groups was expected to more effectively inhibit 6-oxidation and prolong retention. The 

significantly longer myocardial retention of DMIPP in comparison with BMIPP in rats has been 

confirmed in isolated perfused swine hearts5 2'5 3 and an in vivo canine model. 5 4 Other examples of 



9 

methyl-branched iodophenyl-substituted analogues which have been evaluated in animal models 

include the racemic 9-methyl analogue of BMIPP55"56 and BMIPT 3 0" 3 1 ' 5 7 (Figure 5). 

METABOLISM OF METHYL-BRANCHED FATTY ACIDS 

The 3-methyl group in BMIPP was expected to inhibit 8-oxidation and result in longer 

myocardial retention, which has been demonstrated in in vivo studies (Figure 6) in rats, dogs and 

humans. Since the kinetics of myocardial washout are slow, both the "working" 4 1 and 

"non-working" 3 M 2 Langendorff-perfused rat heart systems were used to isolate the radioactive 

species present in the outflow. The major radioactive species represents an unidentified polar 

metabolite, which has also been more recently observed in plasma samples from humans following 

intravenous administration of iodine-123-labeled BMIPP.58"60 

High performance liquid chromatography (HPLC) has been used to examine the incorporation 

of radioiodinated BMIPP and IPPA into phospholipid fractions of myocardial lipids isolated from both 

rats and dogs. While the IPPA straight-chain analogue is incorporated into lecithin 

(phosphatidylcholine) in rat hearts, in contrast, BMIPP is primarily found in the cephalin 

(phosphatidylethanolamine) fraction.61"62 Thin-layer chromatographic studies have evaluated the 

incorporation of IHA, IPPA and DMIPP into the complex lipids of dog hearts in vivo using biopsy 

punch technique to obtain myocardial samples. Fatty acid structure dramatically effects 

incorporation into various phospholipid fractions,63 as illustrated by incorporation of IHA primarily into 

phosphatidyliriositol and phosphatidylcholine, while IPPA is incorporated into the phosphatidylcholine 

fraction. The dimethyl DMIPP analogue shows only low incorporation into the phospholipid fraction. 

Although the DMIPP analogue exhibits longer myocardial retention than BMIPP (See Figure 

6), radioiodinated BMIPP is currently the agent of choice in the iodophenyl series, since its clearance 
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kinetics represent a compromise between having enough time for evaluation of regional distribution 

by SPECT, but exhibiting clearance kinetics which can be measured by successive SPECT 

acquisitions, lodine-123-BMIPP may thus offer the first unique opportunity to construct regional time 

activity curves from successive SPECT studies. 

Studies have also elucidated the metabolic fate and physiological factors which affect 

myocardial uptake of BMIPP, including triglyceride storage and myocardial clearance kinetics, altered 

uptake in diabetic myocardium,64 discordance between blood flow and uptake in lactate infusion,65 

tumor uptake,66 uptake in adriamycin-induced cardiomyopathy,67 and the effects of ATP on BMIPP 

uptake.68 More recent studies reported by Fujibayashi et al. investigated the correlation between 

myocardial ATP levels and BMIPP uptake in normal rats following administration of tetradecylglycidic 

acid (TDGA), an inhibitor of mitochondrial carnitine acyltransferase I, and in salt-sensitive Dahl strain 

rats.69 Rats pre-treated with TDGA showed a positive correlation between ATPJeyels and BMIPP 

uptake concurrent with the results of earlier studies. In these studies, however, immediate 

myocardial BMIPP uptake was not influenced by acute inhibition of beta-oxidation by the inhibitor. 

These results support the expected importance of ATP levels on retention of BMIPP resulting from 

cystolic activation of BMIPP to BMIPP-CoA, with slow shunting into triglyceride storage products. 

In contrast, a negative correlation was observed between ATP levels and severely compromised 

myocardial BMIPP uptake observed in hypertrophied hearts of Dahl rats. These contrasting results 

were explained by differences in separate ATP pools available in the mitochondria and cytosol. 

Several studies evaluated the properties of radioiodinated BMIPP in an ischemic canine 

model.7 0"7 2 The uptake and clearance of [l-123]-BMIPP has also been studied by planar imaging 

in a canine occlusion-reperfusion model.73 In this protocol sequential gamma camera images 

obtained following intravenous administration of thallium-201 and [l-123]-BMIPP were evaluated, and 

the hearts were also excised and then imaged. Two dogs served as a control, one group of eight 
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dogs had a 6 hour occiusion by ligation of the left anterior descending coronary artery before reflow 

(chronic), while 2 dogs had a 3 hour occlusion followed by one hour reperfusion (acute). While all 

dogs with the longer occlusion showed persistent defects with BMIPP and thallium-201, five of the 

dogs (80 %) in the second group with a much shorter occlusion period showed a mismatch of 

BMIPP/thallium uptake with greater uptake of BMIPP than thallium-201. 

In summary, these developmental studies and biological and metabolic studies of various 

radioiodinated methyi-branched fatty acid analogues have provided the foundation for studies in 

humans, in particular with the BMIPP agent. Although the DMIPP analogue shows nearly irreversible 

retention in ail animal and in preliminary patient studies (S. N. Reske, F. F. Knapp, J. Kropp and H.-J. 

Biersack, unpublished data), clinical studies with this agent have not been pursued further. This is 

primarily because BMIPP has been most extensively studied in animal experiments, and the kinetics 

of myocardial washout oi activity following intravenous BMIPP administration offer;_the_best_ 

compromise between sufficient retention for SPECT, and fast enough kinetics to evaluate wash-out 

in successive SPECT studies.74 The following sections provide a brief overview of clinical protocols 

with iodine-123-labeled BMIPP. 

CLINICAL USE OF IODINE-123-BMIPP 

General Features. High quality images of the left ventricular myocardium are obtained even 

with SPECT imaging after injection with as low as 3-5 mCi of [l-123]-BMIPP. A discussion of the 

clinical studies with [l-123]-BMIPP through 1992 has recently been published.74 The first clinical 

studies with [I-123J-BMIPP by Dudczack and co-workers used planar imaging and demonstrated that 

this agent exhibited the expected prolonged myocardial retention and provided excellent delineation 

of the myocardium.58 Because of the benefits of tomography, current studies with BMIPP exclusively 
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use SPECT. Various protocols have been pursued which evaluate regional distribution with or 

without stress. In some cases, such as for the evaluation of hypertension and cardiomyopathies, the 

agent is administered at rest. In other cases, such as for the evaluation of ischemic heart disease, 

the BMIPP is administered after symptom-limited sub-maximal exercise. In the later cases, a second 

SPECT acquisition is obtained later at rest to evaluate re-distribution. A second BMIPP tracer 

injection at rest is included in one protocol. Formulation and administration of [l-123]-BMIPP are 

straightforward. The BMIPP is complexed to albumin solution and intravenously administered in an 

antecubital or other peripheral vein.7 4 

BMIPP Studies in Cardiomyopathy. [1-123]-BMIPP cardiac SPECT has been used in 

patients with hypertrophic cardiomyopathy.75'78 In one study, fourteen patients with left ventricular 

hypertrophy were evaluated at rest following administration of [l-123]-BMIPP and SPECT studies 

conducted 20 minutes^and 3 hours later.78 Studies were also conducted in the patients within one 

week with thallium-201. Quantitative analysis of the regional uptake and clearance of both BMIPP 

and thallium-201 demonstrated that the regional distribution of BMIPP was more heterogeneous than 

that observed with thallium-201. Important relative differences included lower uptake of BMIPP in 

the anteroseptal wall than in the posterolateral wall. Although thallium-201 uptake was normal or 

increased in the anteroseptal wail, BMIPP exhibited both decreased uptake and increased clearance 

in these same regions. In contrast to regions with only mild hypertrophy, a general finding was that 

thickened wall segments showed lower BMIPP uptake and faster clearance. 

These studies have been more recently extended in a study with 17 patients with hypertrophic 

cardiomyopathy (HCM) and 2 patients with the dilated sub-type.78 SPECT was used to assess the 

distribution of [l-123]-BMIPP and thallium-201 in a protocol using resting SPECT following fasting. 

The protocol involved an initial SPECT 30 minutes following BMIPP administration and a second late 

SPECT 3.5 hours later. Thailium-201 SPECT was performed 4-6 days after the BMIPP study. 
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Normally contracting apical and septal hypertrophic regions of patients with hypertrophic 

cardiomyopathic patients demonstrated reduced [l-123]-BMIPP uptake in those thickened regions 

which showed normal or high thailium-201 uptake. Such heterogeneous distribution of the two 

tracers was also observed in patients with hypertrophy and systolic dysfunction and patients with 

dilated cardiomyopathy. Although the physiological mechanisms resulting in such distribution 

patterns is not well understood, the significant differences often observed between flow tracer 

distribution and BMIPP uptake are felt to represent abnormalities of myocardial fatty acid metabolism 

in cardiomyopathic myocardium, reflecting an "intrinsic" impairment of myocardial free fatty acid 

utilization. 

A number of other investigators in Japan have also evaluated [l-123]-BMIPP-SPECT in 

patients with cardiomyopathy. Nishimura et al. also investigated [1-123]-BMIPP-SPECT in 25 patients 

with myocardial infraction and 16 patients with hypertrophic cardiomyopathy.75 This protocol involved 

simultaneous rest BMIPP/thallium-210 SPECT following administration of both tracers. The "early" 

SPECT was initiated 15-30 after tracer administration and the "delayed" SPECT was obtained 40-60 

minutes after injection. Although the energy discriminators were entered on each photo peak (75 

and 159 keV), "crosstalk" was not visually assessed during the studies. An important observation 

was that in patients with infarction, dissociation between BMIPP and thallium defects were often 

observed in patients with successful reperfusion (7/25) in comparison with those patients without 

reperfusion (7/25) and chronic myocardial infarction ("old" infarctions, 10/25). More importantly, the 

"severity scores" for BMIPP uptake determined by SPECT correlated well with ventricular function, 

determined by ventricular ejection fraction measurement. In the patients with cardiomyopathy, 

increased thallium uptake was often observed in apical and postlateral hypertrophic myocardial 

regions which showed reduced BMIPP uptake in the same regions in both early and delayed scans. 

In 68 segments with increased thallium uptake, 33 segments (49%) demonstrated normal BMIPP 
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uptake, while the remaining showed reduced BMIPP accumulation. In 207 segments with normal 

thallium uptake, 41 segments (20%) clearly showed reduced BMIPP accumulation. These data 

clearly demonstrate the reduced accumulation of BMIPP in comparison with thallium uptake is often 

observed in hypertrophic myocardium. These results demonstrate that [l-123]-BMIPP fatty acid 

SPECT in conjunction with flow tracer assessment is adequate to assess myocardial functional 

integrity. 

Myocardial Infarction/Ischemia. Several recent studies have described regional myocardial 

uptake and clearance of [1-123]-BMIPP in patients with myocardial infarction and ischemia.75'79"80 One 

study protocol consisted of SPECT imaging at rest with [I-123J-BMIPP and thallium-201 in four 

normal controls and 28 patients with myocardial infarction.79 Contrast ventriculography of each 

patient also provided an opportunity to correlate tracer uptake and washout with regional wall motion 

abnormalities. The SPECT studies were obtained^with^ach tracer lYidependentlyj/vithin one week 

of each other. Image analysis consisted of a four-point grading system of the uptake of tracer in 

seven segments of the left ventricular myocardium with quantitative analysis by generation of time-

activity curves and creation and analysis of bull's-eye polar maps. An important observation from 

these studies was decreased global myocardial uptake of BMIPP in 17/28 patients (61%) and in 

49/196 myocardial segments (25%). This mismatch was observed between BMIPP uptake and 

perfusion tracer distribution more often in areas which had suffered an acute myocardial infarction 

and areas which were supplied by revascularized compared with nonrevascularized areas. Most 

importantly, lower BMIPP uptake was more often observed in segments which exhibited wall motion 

scores lower than perfusion scores in comparison to segments showing a concordant decrease in 

both wall motion and perfusion scores. 

Another approach currently used at the Clinic for Nuclear Medicine at the University of Bonn, 

Germany with [l-123]-BMIPP, utilizes a submaximal exercise to promote ischemia prior to tracer 
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administration.60'81 This protocol evolved from the "Dual SPECT" approach developed earlier by 

Kropp and co-workers for use with [l-123]-IPPA, in which the distribution of radioiodinated IPPA in 

the early SPECT (SPECT-l) represents blood flow, and fifteen minutes later a second acquisition 

(SPECT II) is obtained at rest.82 Comparison of the differences in relative regional tracer 

concentration in myocardial segments between SPECT-l and SPECT II is defined as "metabolism".82 

For this analysis there is no actual "redistribution" of radioactivity between the early and late SPECT's 

in the usual sense. In contrast, the more rapid washout of radioactivity from normal, oxygenated 

segments, is contrasted in comparison to significantly delayed washout from ischemic segments. 

Relative differences can thus be used to differentiate between normal and ischemic segments which 

can be detected with appropriate timing of successive SPECT acquisitions. 

A similar protocol with [l-123]-BMIPP has recently been studied in a group of 20 patients who 

were also evaluated by coronary angiography and left ventricular cineventriculography.60_An initial 

SPECT-l acquisition after administration of 5 mCi [I-123]-BMIPP following sub-maximal exercise, 

followed by a second acquisition (SPECT-II) 3 hours later at rest. SPECT-III is then acquired at rest 

following a second tracer injection of 2 mCi of [l-123]-BMIPP. Short axis slices are analyzed by the 

Bull's eye display. In this initial patient group, 98% of infarctions could be detected as persistent 

defects. The sensitivity and specificity to detect ischemia were 89% and 91 %, respectively. A total 

of 94% of non-infarcted segments exhibited reduced or absent uptake of BMIPP in SPECTs I and 

II and regularly showed no major differences in activity distribution. These segments had normal 

BMIPP uptake after re-injection in SPECT III, demonstrating the attractive properties of BMIPP for 

differentiation between irreversibly damaged and ischemic, but still viable, myocardium. An examples 

of this protocol in a patient with a infarction is shown in Figure 8. 

An additional recent example is a study protocol being conducted at the Nuclear Medicine 

Department at the Free University Hospital in Brussels (VUB), Belgium, involving administration of 
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[I-123J-BMIPP at rest and comparison with the myocardial distribution of [Tc-99m]-Sestamibi 

(MIBI).83"84 These studies are also being complemented with two-dimensional echocardiography and 

ECG-gated magnetic resonance imaging (MRI) to provide information on the evolution of wall motion 

during heart contraction. The goal is to correlate functional changes with changes in tracer 

distribution observed in the radionuclide studies and to determine if such differences can identify 

ischemic but viable myocardium. In one study, [l-123]-BMIPP (4 mCi) and P"c-99m]-MIBI (25 mCi) 

were administered at a one day interval after overnight fasting. The SPECT results from 15 patients 

with recent myocardial infarction were compared with regional wall motion obtained with gated-MRI 

at rest and during low dose dobutamine infusion (10 mcg/kg/min) to identify ischemic but viable 

myocardium. Nine segments were defined on apical, mid-ventricular and basal slices to compare 

SPECT and gated-MRI data. A total of sixty segments had either abnormal BMIPP or MIBI uptake: 

37 of these .segments i62 %) exhibited,concordant BMIPP and .M1B|_ uptake,, while 23 segmentsX38. 

%) exhibited decreased BMIPP activity relative to MIBI. The wall motion of these 23 segments with 

discordant BMIPP and MIBI uptake was normal in 7 segments and improved with low dose 

dobutamine in 11 segments. On the other hand, only 3 of the 37 segments with concordantly 

decreased BMIPP and MIBI uptake showed evidence of residual viability on the dobutamine MRI 

study. These results demonstrate that comparison of MIBI SPECT (perfusion) with BMIPP SPECT 

is useful in identifying viable myocardium after acute myocardial infarction. 

Comparison of [l-123]-BMIPP-SPECT and [1-11C]-Palmitate-PET. In comparison with 

earlier studies of ischemic myocardium, segments which are viable but have decreased contraction 

would presumably be expected to concentrate 3-fluorodeoxglucose (3-FDG). In this regard, 

comparison of BMIPP uptake, ventricular function and [18F]-labeled-3-FDG would evaluate the factors 

which result in deceased fatty extraction in myocardial segments that have adequate perfusion but 

demonstrate significantly decreased contractile function hopefully will also be pursued. One recent 
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study8 5 has compared the regional uptake and clearance kinetics of [l-123]-BMIPP and [1-11C]-

Palmitate with successive SPECT and PET studies in the same patients. In this first reported study 

in which both [l-123]-BMIPP for SPECT and [1-11C]-palmitic acid and 3-[18F]-fluorodeoxyglucose (3-

FDG) for PET were compared in the same patients, Tamaki and co-workers evaluated these two 

tracers in a comparative study.85 

Patients were studied at rest and the protocol consisted of initiation of the BMIPP-SPECT 

study 20 minutes after injection after overnight fasting. For those patients also studied with thallium 

SPECT, this study was conducted within 2 weeks of the BMIPP study, with images initiated 15 

minutes after injection at rest. In 6 patients the palmitate PET study was conducted with 2 minute-

serial dynamic scans for 40 minutes, which permitted a comparison of the BMIPP accumulation, 

thallium uptake and palmitate uptake and clearance kinetics from the same segments. In another 

set of-H3 patients,-statia 3-FDG static-images A/vere obtained-60 minutes after administration 

Comparison of these data demonstrated that BMIPP accumulation patterns corresponded well with 

palmitate PET findings in the majority of segments studied. In the 6 patients studied with both 

BMIPP and palmitate, of 15 segments showing decreased BMIPP accumulation, 12 segments 

exhibited decreased late uptake of palmitate, and 11 showed decreased early uptake and delayed 

clearance. Of 27 segments having normal BMIPP uptake, 23 segments had normal palmitate uptake 

and clearance. BMIPP accumulation thus appears to parallel palmitate uptake and retention. 

Comparison of 3-FDG static images and BMIPP results in 10 patients, indicated that nearly 

all segments (35/37, 95%) with normal thallium and BMIPP patterns had normal 3-FDG PET images. 

The decreased uptake observed with both BMIPP and thallium in 25 segments correlated with 5 

ischemic segments and 20 segments with scar by 3-FDG. In contrast, 8 segments with decreased 

BMIPP accumulation in comparison with thallium showed PET ischemia in 7 segments and scar in 

only one. These initial, preliminary data from a small patient group indicate that segments exhibiting 



18 

decreased (discordant) BMIPP accumulation often have increased 3-FDG uptake and thus represent 

ischemic, viable myocardium. These combined studies illustrate the potential usefulness of BMIPP 

accumulation studies in conjunction with flow tracer distribution in detecting myocardial ischemia. 

SUMMARY 

Since ourfirst report of the significant myocardial uptake and slow clearance of radioiodinated 

BMIPP in animal studies in 1984, interest in the use of [l-123]-BMIPP has steadily grown, lodine-123 

BMIPP is now used at several institutions in Europe and has been commercially introduced as 

"Cardiodine™" in Japan. Use of [1-123]-BMIPP may provide information on myocardial viability which 

cannot be obtained with flow tracers. The detection of low levels of BMIPP in regions reflects the 

absence of exogenous fatty acid extraction. How deficits in regional BMIPP uptake observed in the 

SPECT cross sectional images correlate with factors which affect the mechanism of fatty acid uptake 

or metabolism has not yet been elucidated. An aberration in contractile function in myocardial 

regions which have low fatty acid extraction but adequate perfusion demonstrated with flow tracers 

indicates that these are factors which are currently unknown or not well understood affect myocyte 

fatty acid uptake. Static PET canine imaging studies with [1-11C]palmitate have demonstrated the 

correlation of reduced regional fatty acid uptake with delayed contractile function recovery following 

reperfusion after coronary artery occlusion.88 If fatty acids are not extracted from the plasma for 

energy production, either endogenous myocardial fatty acid stores are depleted or other energy 

stores are being consumed for maintenance of viability. Factors which could contribute to decreased 

extraction of exogenous fatty acids in viable myocardial regions may include alterations in fatty acid 

binding protein(s) involved in the transfer of fatty acids8 7"8 9, or arrested turnover of fatty acid 

pool(s). 
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Factors which should be studied further in animal models and would be expected to possibly 

provide additional insight include biochemical and histological analysis of biopsy segments removed 

from myocardial regions which have decreased fatty acid uptake. Opportunities for clinical studies 

would include use of three-head SPECT systems, which have a rapid acquisition capability. In this 

manner, one would expect that [I-123]-BMIPP and similar fatty acids could be used with SPECT 

similar to palmitate for PET to measure differences in washout between normal and ischemic 

myocardial segments. The use of structurally modified fatty acids for cardiac PET is continuing, and 

use of the concept of heteroatom introduction into the fatty acid chain as a means of inhibiting 

metabolism has recently gained acceptance. A recently reported [F-18]-labeled fatty acid analogue 

with the divalent sulfur heteroatom inserted within the fatty acid chain 9 0 ' 9 1 is based on our earlier 

studies with the tellurium fatty acids8 '1 8 and [Se-75]-substituted fatty acid analogues.92 
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FIGURE LEGENDS 

Figure 1. Illustration of the cystolic binding and transport of fatty acids and their derivatives in 

myocytes. VLDL, Very low density Lipoprotein; LPL, Lipoprotein lipase; FA, Fatty acid; 

FABP, fatty acid binding protein; IS, Interstitial space; ACS, Acyl-CoA synthetase, 

dotted lines: possible interactions with the adenine-nucleotide translocator and the 

Na-K-ATPase (Modified from the paper of Glatz, et al., 1991). 

Figure 2. Possible mechanism for inhibition of 6-oxidation and subsequent catabolism of fatty 

acid analogues containing a methyl-group in the 6 (3)-position. 

Figure 3. Illustration of the differences in wash-out kinetics of rapidly metabolized fatty acids and 

structurally-modified fatty acid analogues and their use in PET and SPECT. 

Figure-4 -Structures of various first generation-"modified"Jatty acid-analogues^-

Figure 5. Structures of second generation "modified" fatty acid analogues. 

Figure 6. Triple-label study comparing myocardial uptake and retention of radioactivity after 

simultaneous intravenous administration of a mixture of [l-131]-IPPA, [l-125]-BMIPP 

and [l-123]-DMIPP to fasted rats. Global myocardial extraction is not significantly 

altered but myocardial retention is significantly increased by methyl-substitution. 

Figure 7. A comparison of the typical discordance observed between distribution of [1-131]-

BM1PP and [T1-201]-thalious chloride in cross-sectional slices of hearts from normal 

and cardiomyopathic hamsters determined by autoradiography. Upper panel, normal 

hamsters; left, BMIPP; right, thallous chloride. Lower panel, cardiomyopathic 

hamsters; left, BMIPP; right, thallous chloride (Courtesy, Dr. P. Som, Brookhaven 

National Laboratory, Upton, New York). 
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Figure 8. Patient study at the Clinic for Nuclear Medicine at the University of Bonn, Germany, 

with [l-123]-BMIPP using a protocol with three successive SPECT acquisitions. 

SPECT I was obtained after i.v. administration of 5 mCi of [l-123]-BMIPP immediately 

following sub-maximal exercise and SPECT II was obtained 3 hours later at rest. 

SPECT III was then obtained at rest following a second administration of 2 mCi of [I-

123]-BMIPP. The four slices represent apical and base regions and two mid-

ventricular slices (Apex to Base, Left to Right) (Kropp.et al., 1993). 



38 

Figure 1. Illustration of the cystolic binding and transport of| fatty acids and their derivatives in myocytes. VLDL, Very low density 
Lipoprotein; LPL, Lipoprotein lipase; FA, Fatty acid; FABP, fatty acid binding protein; IS, Interstitial space; ACS, Acyl-CoA 
synthetase, dotted lines: possible interactions with the adenine-nucleotide translocator and the Na-K-ATPase (Modified 
from the paper of Glatz, et al., 1991). 



39 

0 CH 3 0 

R - C H 2 - C H 2 - C - S - C o A R - C H - C H 2 - C - S - C o A 

0 
II 

R-CH=CH-C-S-CoA 

0 
II 

R - C H - C H 2 - C - S - C o A 

OH 

R-C4CH 9 -C -S -CoA 

0 

R-C-S-CoA 
II 
0 

CH. 0 
I 3 II 

R-C=CH-C-S-CoA 

I 
CH-, 0 
I J II 

R - C - C H 2 C - S - C o A 
4- *. 
OH 

f 

Figure 2. Possible mechanism for inhibition of 6-oxidation and subsequent catabolism of fatty 
acid analogues containing a methyl-group in the 8 (3)-position. 
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Figure 3. Illustration of the differences in wash-out kinetics of rapidly metabolized fatty acids and structurally-
modified fatty acid analogues and their use in PEf and SPECT. 
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Figure 4. Structures of various first generation "modified" fatty acid analogues. 
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Figure 6. Triple-label study comparing myocardial uptake and retention of radioactivity after simultaneous intravenous administration 
of a mixture of [1-131 ]-IPPA, [1-125]-BMIPP and [1-123]-DMIPP to fasted rats. Global myocardial extraction is not significantly 
altered but myocardial retention is significantly increased by methyl-substitution. 
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Figure 7. A comparison of the typical discordance observed between distribution of [I-131J-BMIPP and fT1-201J-thallous chloride 
in cross-sectional slices of hearts from normal afid cardiomyopathic hamsters determined by autoradiography. Upper 
panel, normal hamsters; left, BMIPP; right, thallous chloride. Lower panel, cardiomyopathic hamsters; left, BMIPP; right, 
thallous chloride (Courtesy, Dr. P. Som, Brookhaven National Laboratory, Upton, New York). 
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Figure 9. Patient study at the Clinic for Nuclear Medicine at the University of Bonn, Germany, 

with [i-123]-BMIPP using a protocol with three successive SPECT acquisitions. 

SPECT I was obtained after i.v. administration of 5 mCi of [l-123]-BMIPP immediately 

following sub-maximal exercise and SPECT II was obtained 3 hours later at rest. 

SPECT III was then obtained at rest following a second administration of 2 mCi of [I-

123]-BMIPP. The four slices represent apical and base regions and two mid-

ventricular slices (Apex to Base, Left to Right) (Kropp.et ai., 1993). 


