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Iodine-123-iodophenyl-9-methyl-pentadecanoic acid ([1231] 
MPDA) and thallium-201 (2°1TI) were sequentially injected 
in 11 patients during exercise-induced myocardial ische- 
mia. Simultaneous dual-energy planar images were ob- 
tained at 5 min, 3 and 5 hr. All studies were concordantly 
either positive (8/11) or negative (3/11) by both radio- 
nuclides. Exact agreement for segmental uptake was 93%, 
94% and 94% for 5-min, 3- and 5-hr images, respectively. 
Exact agreement for defect reversibility by 3 and 5 hr were 
95% and 92%. The initial defect contrasts and myocardial- 
to-lung ratios were similar by both agents but myocardial- 
to-liver ratio was lower by [12at]MPDA at 5 min, which 
became similar to 2°1TI at 5 hr. Normal percent myocardial 
clearances of both agents were comparable and signifi- 
cantly higher than those in defect zones. Thus [1231]MPDA 
is suitable for myocardial imaging and correlates closely 
with 2°1TI for initial postexercise myocardial uptake and 
defect reversibility. Defect reversibility appears to result 
from differential myocardial clearance from normal and 
ischemic regions. 
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A s s e s s m e n t  of regional myocardial perfusion and 
viability has prognostic and therapeutic implications in 
patients with coronary artery disease. Thallium-201 
(2°~T1) myocardial imaging has been widely applied for 
these assessments. Thallium-201, however, is not opti- 
mal for assessing myocardial viability because nonre- 
versible defects may be observed in viable myocardial 
regions (1-4). Myocardial viability may also be assessed 
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by determining the metabolic integrity of the myocar- 
dium using radiolabeled metabolic substrates. Free- 
fatty acids serve as the primary metabolic energy source 
for the myocardium under normal circumstances. Ex- 
tensive research using positron emission tomography 
has shown that normal fatty acid metabolism is altered 
in the ischemic or necrotic myocardium (5,6), suggest- 
ing that fatty acids may be useful for assessment of 
myocardial viability. 

Recently, a new single-photon agent, iodine-123-io- 
dophenyl-9-methyl-pentadecanoic acid ([~23I]MPDA) 
has been developed. Iodine-123-MPDA is a modified 
long-chain (15 carbons) fatty acid which differs from 
[~23I]iodophenylpentadecanoic acid (IPPA) by a methyl 
branch on its 9 carbon location (Fig. 1). Iodine-123- 
MPDA was previously used in an open label noncom- 
parative Phase l study to evaluate its biodistribution 
and safety in normal volunteers (7). The purpose of 
this study was to compare [123I]MPDA and 2"~T1 imag- 
ing in patients with exercise-induced ischemia with 
respect to regional myocardial distribution, defect re- 
versibility, target-to-background ratios, defect contrast, 
initial uptake, and subsequent clearances from normal 
and ischemic myocardial regions. 

MATERIALS AND METHODS 

Patient Population 
The patient population consisted of I 1 patients with stable 

exertional angina and exercise-induced ischemic electrocardi- 
ographic changes (~- 1.0 mm horizontal or downsloping ST 
depression of >_ 1.5 mm upsloping ST depression at 0.08 sec 
after the J point). One patient had a previous myocardial 
infarction. The age ranged from 53 to 73 yr with a mean of 
63 yr. There were I female and l0 male patients, recruited in 
two different medical centers: Loyola University Medical Cen- 
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FIGURE 1 
Structural formulae of [~231]MPDA (top) and [12al]IPPA (bot- 
tom). The only structural difference between the two com- 
pounds is that the former has a methyl branch of the carbon 
9 location. 

ter in Maywood, Illinois and Cedars-Sinai Medical Center in 
Los Angeles, California. Informed written consent was ob- 
tained prior to enrollment in the study. 

Study Protocol 
Patients were asked to fast for at least 4 hr prior to stress 

testing and were instructed to be off nitrates for at least 4 hr, 
calcium channel blockers for at least 12 hr, and beta blockers 
for 48-96 hr (depending on the type used) prior to the exercise 
study. Each patient received l ml Lugol's solution orally 15- 
30 min before the exercise test to block subsequent thyroid 
uptake of radioiodine. All patients underwent a symptom- 
limited multistage treadmill exercise test according to the 
Bruce protocol. Modified 12-lead electrocardiograms were 
recorded at rest. during each minute of exercise, and during 
recovery. At peak exercise, 2 mCi of 2°~Tl and 3 mCi of [~-~-~I] 
MPDA were intravenously injected sequentially and the pa- 
tient continued to exercise for 1 min. 

Imaging Protocol 
Simultaneous dual-energy images were obtained by a 

gamma camera (Siemens 7500 Orbiter). Two separate 20% 
windows were centered one on the 2('TI photopeak (69-83 
keV) and the other on the ~2.q photopeak (159 keV). A 
medium-energy, all-purpose collimator was used. Planar im- 
ages were obtained in the anterior, 45 ° , and steep (85*) left 
anterior oblique views at 10 min. 3 hr, and 5 hr postinjection 
repeating identical views. 

Visual Analysis of Images 
Each planar view was divided into three segments and each 

segment was visually scored by' consensus of two experienced 
blinded observers. Iodine-123-MPDA images were analyzed 
without knowledge of the scores of 2°~T1 images. A 5-point 
scoring system was used in which I = severely reduced activity, 
2 = moderately reduced activity, 3 = mildly reduced activity, 
4 = probably normal activity, and 5 -- definitely normal 
activity. 

The pattern of defect reversibility was determined by com- 
paring stress images to 3-hr and 5-hr redistribution images. 
Reversibility patterns were defined based on the segmental 
score change from the initial to the delayed study as follows: 
a segment was considered reversible if it had a stress score _<3 
that improved to 4 or 5 at delayed imaging. A segment was 

considered nonreversible if it had a score of _<3 which did not 
improve at redistribution imaging. Segments with reverse. 
redistribution were defined as segments with initial score _>4 
that decreased to _<3. 

Quantitative Analysis of Images 
Three regions of interest (ROIs) were assigned to each 

image: ( 1 ) over a normal myocardial zone, (2) over a myocar- 
dial defect area, and (3) over the lung background. In the 
anterior view, a fourth ROI was also assigned over the liver 
area (Fig. 2). Identical ROIs were used on [~23I]MPDA and 
-~°~T1 images. For each ROI, the average counts per pixel was 
determined by the computer. Myocardium-to-lung count ra- 
tios and myocardium-to-liver count ratios were determined 
by dividing the average counts per pixel of the normal myo- 
cardial zone by those of the lung and liver, respectively. 

Background was subtracted using the Watson interpolative 
algorithm (8). After correction by appropriate physical decay 
factors (2°JTl decay factor = 0.991/hr; 123I-123 decay factor = 
0.948/hr) myocardial clearances of 2°IT1 and [J-~3I]MPDA were 
calculated in the normal and defect zones at 3-hr and 5-hr 
imaging times by subtracting the average counts per pixel of 
delayed images from the average counts per pixel of initial 
images and dividing the result by the average counts per pixel 
of initial images. Percent clearance was obtained by multiply- 
ing the result by 100. Defect contrast was calculated by 
subtracting average counts per pixel of a defect zone from that 
of the normal myocardial zone and dividing the result by the 
average counts per pixel in the normal zone. This value was 
expressed in percent after multiplying the result by 100. Be- 
cause energy spillover between the two radionuclides was 
negligible, correction was not performed. 

Statistical Analysis 
The kappa statistic was used to measure the agreement 

between [ ] 231]MPDA and 2°IT1 images in evaluating segmental 
scores and segmental reversibility scores. The significance of 
kappa statistic was determined by calculating a t-like statistic 
defined as kappa value divided by its asymptotic standard 
error. This value was also compared to Z-table values to obtain 
the corresponding p value. A p value < 0.05 was considered 
statistically significant. Paired t-tests were used to compare 

FIGURE 2 
Assignment of the four ROIs on an [laal]MPDA anterior image. 
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initial defect contrasts, myocardial-to-background ratios, and 
percent clearance in normal and defect regions between the 
two radionuclides. 

RESULTS 

Detect ion of Perfusion Defec ts  on Initial Images  
In the 11 patients, 8 studies were concordantly posi- 

tive and 3 were concordantly negative by [~23I]MPDA 
and 2°JTI (Fig. 3). Of the eight positive studies, seven 
showed reversible defects by both 2°~T1 and [~ 231]MPDA 
and one (the patient with prior myocardial infarction) 
showed both reversible and nonreversible defects by 
both radionuclides. Agreement between the two radio- 
nuclides for visual segmental scores of the initial, 3-hr 
and 5-hr images is shown in Figure 4. On initial images, 
92 of 99 segments were scored identically resulting in 
93% exact agreement (kappa = 0.858, p < 0.0001). Of 
71 myocardial segments with normal 2°~T1 uptake, 70 
(99%) had normal [z23I]MPDA uptake. Moreover, the 
degree of reduction of activity also correlated highly 
between the two agents: Of 28 myocardial segments 
with reduced 2°~T1 uptake, 24 (86%) also had abnormal 
[t-'3I]MPDA uptake. Exact agreement was 94% (93/99) 
on 3-hr postinjection images and was 94% (82/87) on 
5-hr postinjection images (kappa = 0.807 and 0.753 
respectively, p < 0.0001). Of note, one patient did not 
undergo the 5-hr imaging and in one patient only two 
views were obtained at 5 hr. resulting in a reduction of 
the number of analyzable segments at 5-hr delayed 
imaging. 

Defect  Reversibi l i ty 
Figure 5 shows correlation between the two radio- 

nuclides for segmental defect reversibility patterns. Ex- 
act agreement was 95% (94/99) (kappa = 0.898, p < 
0.0001) for initial 3-hr redistribution and was 92% (80/ 
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FIGURE 3 
Comparison of initial radionuclide distributions of [1231]MPDA 
and 2°1T1. Planar myocardial images are shown in the anterior 
(ANT), 45 ° and steep left anterior oblique (LAO) views. Iodine- 
123-MPDA and 2°1Tt uptakes are similarly decreased in the 
apical, inferior, and distal posterotateral segments. Of note is 
the higher liver uptake of [t231]MPDA (anterior view). 
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FIGURE 4 
Agreement for visual segmental scores between [1231]MPDA 
and 2°~TI on initial 3-hr and 5-hr images. 

87) for initial 5-hr studies (kappa = 0.823, p < 0.0001). 
The pattern of reversibility from initial postexercise to 
3-hr delayed imaging was found to be discordant be- 
tween the two agents in 5 of 99 segments. Of these, 
three segments were considered reversible by 2°tTl that 
were normal by [~23I]MPDA and one segment was 
reversible by 2°~T1 but showed reverse redistribution by 
[~23I]MPDA. It is of note that despite this apparent 
discordance, four of five segments were considered to 
be viable by both agents. Of the 87 myocardial segments 
that were compared for the pattern of 5-hr reversibility, 
7 showed discordant patterns between the two agents. 
Of these, six were reversible or showed reverse redistri- 
bution by 2°~Tl but were normal (five segments) or 
showed reverse redistribution (one segment) by [t23|] 
MPDA. Therefore, in this subgroup of seven apparently 
discordant results, six showed concordance for regional 
myocardial viability. 

Initial Defect  Contrast  
On the initial images, the average + s.d. defect con- 

trast for [t23I]MPDA was 42% _+_ 17%, which was not 
significantly different from that of-~('T1 which was 38% 
+ 16% (p = 0. t42). 

Myocardia l  Percent  C l e a r a n c e s  in Normal  and 

Defect  Regions 
In normal regions, the 3-hr percent clearances of 

2°~T1 and [~23I]MPDA were 40 _+ 4 and 43 + 5, respec- 
tively (p = ns) (Fig. 6). In the defect regions, the 3-hr 
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p : <0.0001 <:0.0001 

FIGURE 5 
Visual agreement for segmental defect reversibility between 
[1231]MPDA and 2°1TI on initial 3,-hr and initial 5-hr redistribution 
studies. (NL = normal; REV = reversible defect; NR -- non- 
reversible defect; and RR = reverse redistribution). 
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Comparative [~231]MPDA and 2°~TI percent clearances in nor- 
mal and defect regions at 3 hr (3 HOUR WASHOUT) and 5 hr 
(5 HOUR WASHOUT). 

percent clearances were similar for both agents (23 + 6 
and 31 _ 6, respectively) but were significantly lower 
than the corresponding values in normal regions (p < 
0.05). Similar differences between normal and defect 
percent myocardial clearances were noted on 5-hr de- 
layed images for -'°~T1 (53 _ 3 versus 39 _+ 5, respec- 
tively) and for [~-'3I]MPDA (59 _+ 7 versus 35 _+ 5, 
respectively). Of note, for the patient with a prior myo- 
cardial infarction, [~-'31]MPDA percent clearance from 
the infarct zone was 47% at 3 hr and 68% at 5 hr, both 
higher than the corresponding normal values. 

Myocardial-to-Background Ratios 
These were determined for the initial and 5-hr images 

(Fig. 7). Thallium-201 myocardium-to-lung ratios on 
initial and 5-hr images were 2.43 + 0.49 and 1.84 _+ 
0.27, respectively. Iodine-123-MPDA myocardium-to- 
lung ratios on initial and 5-hr images were 2.65 _+ 0.34 
and 1.73 _+ 0.17, respectively, which were not statisti- 
cally different from the values observed with 2°~T1. In 
contrast, the initial [~2~I]MPDA myocardium-to-liver 
ratio was significantly lower than that of 2°~Tl (respec- 
tively 1.12 _+ 0.30 versus 1.41 + 0.37, p < 0.05). The 
5-hr myocardium-to-liver ratios for [~231]MPDA and 
:°~Tl were not statistically different (respectively 1.07 + 
0.19 versus 1.17 _+ 0.1 l). 
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FIGURE 7 
Myocardial-to-lung (left) and myocardial-to-liver (right) ratios 
of [~2ai]MPDA and 2°~TI for initial (5-min) and delayed (5-hr) 
images. 

DISCUSSION 

lodine-123-1abeled free-fatty acids have been pro- 
posed as a means of studying myocardial metabolism 
in man (9,10), but their rapid mitochondrial degrada- 
tion by beta-oxidation and rapid detachment of 123i 
from the molecule have limited their clinical applica- 
tion. In the last decade, more suitable radiolabeled fatty 
acids were developed for myocardial imaging. The prob- 
lem of rapid mitochondrial degradation was addressed 
by adding one or two methyl groups at the carbon-3 
position (11-16), which prevented the compound to 
enter the beta-oxidation cycle. To stabilize the 123I o n  
the free-fatty acid molecule, a phenyl ring was added at 
the omega position (17-18). Recently, [~2SI]MPDA, a 
new modified free-fatty acid was developed that con- 
tains a phenyl ring on carbon-15 and a methyl branch 
of the carbon-9. Preliminary study in normal volunteers 
.(7) demonstrated that the methyl branching on carbon- 
9 significantly increased the myocardial residence time 
of[ 1-~3I]MPDA. In the present study, uptake and kinetics 
of [I231]MPDA were compared to those of 2°~T1 in 
patients with exertional ischemia. 

Myocardial-to-Background Ratios 
Our results demonstrate comparable myocardial-to- 

lung ratios between [~23I]MPDA and 2°~T1 on the initial 
and 5-hr delayed images. We found, however, that the 
initial myocardial-to-liver ratio was lower with [12sI] 
MPDA because of its higher initial liver uptake. The 
[~:3I]MPDA hepatic clearance is faster than that of 2°1T1, 
resulting in similar myocardial-to-liver ratios for both 
agents 5 hr after injection. 

Initial Myocardial Uptake 
Iodine- 123-MPDA paralleled 2°~T1 segmental myo- 

cardial distribution very closely. Quantitative assess- 
ment of defect contrast confirmed this finding by dem- 
onstrating no significant difference between [1231] 
MPDA and :°~T1. These findings suggest that the initial 
postexercise distribution of [123I]MPDA, like 2°~T1 is 
related to regional myocardial blood flow distribution. 
However, it is possible that decreased []23I]MPDA re- 
gional uptake, as observed with other fatty acids (19- 
21), is not only flow related but may be also affected 
by diminished extraction accompanying reduction of 
aerobic metabolism. 

Defect Reversibility 
The agreement between [123I]MPDA and 2°~T1 for 

different patterns of defect reversibility was high. This 
was observed when the initial postexercise images were 
compared to either the 3-hr or the 5-hr delayed images. 
Correlation between the two agents for defect reversi- 
bility is also reflected in the high degree of correlation 
that was found in regional myocardial distribution of 
both agents on the 3- and 5-hr delayed images. Similar- 
ity between the two agents with respect to defect revers- 
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ibility stems from similar [J-'3I]MPDA and -'°~T1 myo- 
cardial clearance patterns. 

Myocardial Clearance 
lodine-123-MPDA myocardial clearances in normal 

regions at 3 and 5 hr were similar and statistically not 
significantly different from those observed with :o~ TI in 
the same corresponding regions. In myocardial seg- 
ments with initial defect, percent clearance rates of [L2q] 
MPDA at 3 and 5 hr were lower than those observed 
in normal myocardial regions. These values were also 
not significantly different from those of 2°1T1. The re- 
sults suggest that the observed defect reversibility from 

initial post-stress to 3- and 5-hr delayed imaging times 
are due to differential clearance rate of [~23I]MPDA 
from normal and defect regions such that the relatively 
faster clearance rate of [123I]MPDA from normal areas 
and relatively slower clearance rate from defect areas 
result in normalization of activity over time. In this 
regard, [~231]MPDA appears to behave very similarly to 
2°~T1. Our finding of slower than normal clearance rate 
of [~23I]MPDA in defect zones is consistent with pre- 
vious work by Lerch et al. (19) using carbon-I l-pal- 
mitate, Van der Wall et al. (22) using heptadecanoic 
acid, and Kennedy et al. (23) using [~23I]IPPA. The 
proposed mechanism for reduced fatty acid clearance 
from regions of myocardial ischemia has been that once 
the fatty acid has undergone esterification with acetyl 
co-enzyme A, it is no longer able to diffuse out of the 
cell. Schoen (24) described this phenomenon as "met- 
abolic sequestration" of the fatty acids in the myocardial 
cells. Our study, however, does not evaluate the under- 
lying metabolic alterations that may have been respon- 
sible for slower clearance of  [~23I]MPDA from defect 
regions. In the one patient in this study with a myocar- 
dial segment with prior myocardial infarction, the [~-~3I] 
MPDA clearance from the defect zone was higher than 
that from the normal zone. This observation is consist- 
ent with a previous report by Van der Wall (25). Since 
myocardial imaging was performed at three time inter- 
vals only, more detailed kinetics of [~23I]MPDA cannot 
be evaluated based on this study. 

Study Limitations 
Since only 11 patients were included in this study, 

the results should be considered preliminary. There 
were only four nonreversible defects by 2°1T1 imaging. 
Therefore, we could not evaluate the limitations of 2°~Tl 
and the possible advantages of [~2aI]MPDA with respect 
to evaluation of myocardial viability. 

CONCLUSIONS 
This study demonstrates that [ L~3I]MPDA is a suitable 

agent for myocardial imaging and is comparable to 
2°JTI. Similar initial myocardial distribution of  these 
two radionuclides suggests that [~231]MPDA initial dis- 

tribution is related to regional myocardial perfusion. 
Reversibility of the initial postexerci~ myocardial de- 
fects appears to be due to slower clearance from defect 
regions rather than active accumulation of fatty acids 
in these areas. Further clinical investigation is needed 
to define comparative abilities of [t~-3I]MPDA and -~°'TI 
to assess myocardial viability. 
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