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Simultaneous Evaluation of Fatty Acid Metabolism
and Myocardial Flow in an Explanted Heart
Margot Jonas, Wolfgang Brandau, Bernhard Vollet, Michael Weyand, Anke Fahrenkamp, Franz-Josef Gildehaus,

Joachim Sciuk, Hans H. Scheid and Otmar Schober
Departments of Nuclear Medicine, Cardiothoracic Surgery and Pathology, WestfÃ¤lische Wilhelms University of MÃ¼nster,
MÃ¼nster,Germanv

The biodistribution of the fatty acid analog [131I]PHIPA3-10, was
compared to the flow tracer 99rnTc-sestamibi by quantitative analy
sis in a dual-isotope study performed during a heart transplantation.
Methods: lodine-131-PHIPA 3-10 and 99mTc-sestamibiwere in

jected simultaneously approximately 20 min prior to the start of
surgical procedure. Scintigraphic images of the sliced explanted
heart were compared to the preoperative in vivo scans using
[123I]PHIPA3-10,201TI and ""Tc-sestamibi. In 14 tissue samples of
the explanted heart, the radioactive contents from [131I]PHIPA3-10
and 99mTc-sestamibi were calculated as %ID/g-values and corre

lated with the corresponding histology. Results: In the preoperative
scans, a mismatch of fatty acid uptake and perfusion ([123I]PHIPA
3-10 > flow) was observed which indicated residual viable myocar
dium, while a matched defect was associated with scar. In viable
myocardium, there was a significantly higher accumulation of
[131I]PHIPA3-10 compared to 99mTc-sestamibi (mean 5.9 x 1CT3
versus 2.7 x 10 3 %ID/g), whereas in scars the uptake of both
tracers was comparable (1.2 x 10~3 versus 1.4 x 10~3 %ID/g).

Conclusion: Myocardial viability can be defined more accurately
with radioiodinated PHIPA 3-10 than with 99mTc-sestamibi. The

differences of biodistribution in viable myocardium and scars indi
cate that not only perfusion but also the metabolic state of the
myocardium can be evaluated with radioiodinated PHIPA 3-10.

Key Words: myocardialviability;Â¡odine-123fatty acid; dual-isotope
study; pathology; heart transplantation
J NucÃMed 1996; 37:1990-1994

Jlhe detection of residual viable myocardium is an important
factor in deciding whether to perform percutaneous translumi
nal coronary angioplasty (PTCA) or coronary bypass graft
surgery (CABG). In many experimental and clinical trials, the
use of radioiodinated free fatty acids (FFA) for assessment of
myocardial viability has been elucidated (1-4). For enhance
ment of myocardial retention, various FFA analogs have been
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developed to inhibit rapid fatty acid catabolism by beta-
oxidation (5). Most experience has been obtained with p-123I-
phenylpentadecanoic acid (p-IPPA) and p-123I-ÃŸ-methyl-IPPA

(BMIPP) recently available in Japan (7,2).
Phenylene-bridged long-chain fatty acid analogs offer an

alternative approach to methyl-branching to delay myocardial

clearance and were first described by Liefhold and Eisenhut in
1987 and 1988 (6,7). In contrast to many other fatty acid
analogs, [123I]-PHIPA 3-10 (13-(p-[123I]iodophenyl]-3-(p-phe-

nylenej-tridecanoic acid) (Fig. 1) has a prolonged biological
half-life in human myocardium (>15 hr), indicating metabolic

trapping and is therefore more suited for SPECT investigations
than unmodified phenyl fatty acids (8-10).

The aim of this study was to simultaneously examine
[13II]PHIPA 3-10 biodistribution compared to perfusion in the
human myocardium. Myocardial accumulation of [I31I]PHIPA
3-10 and 99mTc-sestamibi was thus quantified in a dual-isotope

study performed during heart transplantation. Distribution pat
terns and scintigraphic images of the heart in vivo and ex vivo
were correlated to histological examination of the explanted
heart.

MATERIALS AND METHODS

Radiopharmaceuticals
Iodine-123 and [13II]PHIPA 3-10 were labeled by a non-carrier-

added Cu(I)-assisted, nonisotopic halogen exchange (11). Briefly,
123Ior I3'l-sodium iodide were evaporated to dryness followed by

the addition of the bromo-precursor and 5 /xl of a CuCl solution (1
mg/ml acetic acid). After heating for 10 min at 180Â°C,the residue

was dissolved in 200 fil absolute ethanol and purified by means of
HPLC. The eluate was evaporated to dryness, dissolved in 150 /j.1
ethanol, added dropwise to 10 ml of a solution of 5% human serum
albumin and then filtered (0.22 /im). Thallium-201 and 99mTc-

sestamibi were both commercially obtained.
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FIGURE 1. Chemical structures of IPPA, BMIPP and PHIPA 3-10.

Patients
All studies were subject to international law, approved by the

local ethical committee and were performed after the patients gave
written informed consent.

We studied a 49-yr-old man who had a posterolateral myocardial
infarction 14 days earlier and consequently reduced left ventricular
function. Coronary angiography revealed severe three-vessel dis
ease. Contrast ventriculography (biplane) and echocardiography
showed a dilated left ventricle with akinesia of the inferior wall,
septum, apical and mid-anterior wall.

Within 4 wk, the patient underwent 20IT1,99rnTc-sestamibi and
[1231]PHIPA 3-10 SPECT investigations prior to CABG. Six

weeks after CABG and simultaneous implantation of a Novacor
left ventricular assist device (12), a follow-up 99mTc-sestamibi

control scan was acquired. During the following heart transplanta
tion, a dual-isotope study using [131I]PHIPA 3-10 and 99mTc-

sestamibi was performed.

Heart In Vivo Scintigraphic Studies
After a light breakfast and subsequent fasting for 6-7 hr, the

patient received 137 MBq of [I23I]PHIPA 3-10 under resting

conditions. One and 3 hr p.i., SPECT was performed using a
three-headed camera, ME collimatore, 120 views, 3 X 40, 30
sec/view, 64 X 64 M, 360Â°NCO. Each view had 80,000-100,000
counts, and short-axis slices were reconstructed without prefilter-
ing (Butterworth filter, 15th order, cutoff 0.55 Nyquist, without
attenuation correction).

Flow studies were performed after injection of 750 MBq
99mTc-sestamibi (1.5 hr p.i.) or 100 MBq 20IT1(4 hr p.i.) using a
single-headed camera, LEAP collimator, 32 views, 180Â°,64 X 64

M, (Butterworth filter, 5th order, cutoff 0.55 Nyquist, without
attenuation correction, background subtraction 30%).

Thallium-201-scans were performed without anti-anginal drugs,
99mTc-sestamibi and [I23I]PHIPA studies (n = 3-10) were per
formed under the patient's usual medication.

Explanted Heart Dual-Isotope Study
Iodine-131-PHIPA (53 MBq) and 900 MBq 99mTc-sestamibi

were injected simultaneously approximately 20 min before surgery.
Immediately before clamping the aorta (50 min p.i.), the blood
concentration of both tracers was determined from a venous blood
sample. The explanted heart was cut into 1-cm thick slices parallel
to the atrioventricular sulcus and preserved in formaldehyde.

Planar images of the cardiac slices were acquired (1800 sec/
energy window, ME collimator, 256 X 256 M). The energy
discriminators were centered on 364 keV for 131Iand on 140 keV
for 99mTcwith 15% windows.

Tissue samples were taken from areas which, by visual inspec
tion appeared to be viable (n = 11) or scared (n = 3) (see Fig. 3A).

FIGURE 2. SPECT imaging of the heart in vivo (short axis-slices of the mid
left ventricle). Perfusion defect in the anterior wall: (A) 201TIredistribution. (B)
"Tc-sestamibi. (C) Reduced but relevant [123]I-PHIPA 3-10 uptake in the

anterior wall indicating residual viable myocardium. (D) Improved perfusion
with ""Tc-sestamibi in the anterior wall after CABG. (A-D) Matched defect

posterolateral representing scar.

They were evaluated histologically and monitored for 99mTcand
1311activities in an automatic well counter. After correction for
physical decay and crossover of I31Iactivity into the 99mTcwindow

(6%), the count rates were calculated as %ID/g. Calibration was
performed by measurement of diluted aliquots of the original
solutions of [131I]PHIPA 3-10 and 99mTc-sestamibi.

The differences in myocardial uptake between the [13II]PHIPA
3-10 and 99mTc-sestamibi were statistically evaluated using the

paired t-test. The significance of the differences in means between
both groups were analyzed by Student's t-test.

RESULTS

In Vivo Scintigraphic Imaging
Because of a history of posterolateral infarction, the patient

exhibited an extended defect in the posterolateral wall with
2Â°'T1and 99mTc-sestamibi as well with [123I]PHIPA 3-10 (Fig.

2). In spite of akinesia detected by echocardiography and
contrast ventriculography, the septum was visualized as viable
with all three tracers according to the intraoperative macro
scopic findings. The anterior wall revealed a defect in the 20IT1
and 99mTc-sestamibi scintigrams corresponding to akinesia and

insufficiently collateralized LAD stenosis. In contrast,
[123I]PHIPA 3-10 showed a reduced but significant uptake in

this lesion indicating residual viable myocardium. Viability
could be confirmed in a follow-up study 6 wk after revascular-
ization, in which the accumulation of 99mTc-sestamibi was

significantly increased in the anterior wall.
Despite locally improved perfusion, the overall function of

this terminally ill heart deteriorated during bypass surgery, thus
heart transplantation became unavoidable. Between the time of
Scintigraphic follow-up after revascularization and heart trans
plantation 6 wk later, the patient showed no significant cardiac
events.

Explanted Heart Morphology
An extensive posterolateral scar, multiple areas of predomi

nantly subendocardial, focal scarring and widespread endocar-
dial fibrosis could be distinguished in the left ventricle of the
explanted heart, even by gross inspection (Fig. 3A). From
microscopic examination, the myocardium of the posterolateral
wall was replaced nearly completely by fibrous tissue. The only
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FIGURE 4. Absolute myocardial uptake of [131I]PHIPA3-10 and "Tc-

sestamibi in different tissue samples after explantation, mean and s.d.

',r>
FIGURE 3. Explanted heart cut into 1-cm thick slices parallel to the
atrioventricular sulcus. (A) Locations of tissue sampling. Macroscopic find
ings: transmural scar posterolateral, rest of myocardium predominantly
viable with endocardial and patchy interstitial fibrosis. Dual-isotope scintig-
raphies with (B) [131I)PHIPA3-10 and (C) "Tc-sestamibi.

few remaining myocytes exhibited severe myofibrillar lysis and
enlarged nuclei. Intact myocardium predominated in the antero-
lateral, septal and anterior wall. Histologically, the subendocar-
dial scarring was only minor in the anterior wall. No acute
myocytolysis or recent myocardial infarction were delineated.
The histolÃ³gica! findings correspond to severe multivessel
disease, including subtotal stenosis of the LAD and Cx. In

contrast to coronary angiography with only 50% stenosis, a long
obliteration of the RCA was detected in the pathological
examination.

Explanted Heart Dual-Isotope Study
Scintigraphy. Technetium-99m-sestamibi and [131I]PHIPA

scintigrams of the sliced explanted heart matched the histolÃ³g
ica! findings (Fig. 3B,C). Although the accumulation of both
tracers might be globally reduced, the septal, anterolateral and
anterior wall could be identified as viable myocardium. There
was a large defect in the posterolateral wall observed with
99mTc-sestamibi as well with [131I]PHIPA 3-10 especially in

the mid-ventricle. Compared to the explanted heart, there was a
similar distribution of [123I]PHIPA 3-10 and 99mTc-sestamibi

(after revascularization) in the heart in vivo (Fig. 2).
Biodistribution in Myocardial Tissue Samples. In the 14

tissue samples (Fig. 3A) of the explanted heart, the myocardial
accumulation of [131I]PHIPA 3-10 and 99mTc-sestamibi, calcu

lated as %ID/g myocardium, was compared to the correspond
ing histology (Fig. 4). Eleven of these 14 samples were
histologically proven as viable and three samples of the inferior
wall as scars.

In viable myocardium, [I3I1]PHIPA 3-10 uptake showed a
widespread variation but was always higher than "'"Tc-sesta
mibi uptake (Fig. 4). The differences between [131I]PHIPA
3-10 and 99mTc-sestamibi uptake (mean Â±s.d.: 5.9 Â±1.8 X
10~3 versus 2.7 Â±0.6 X 10~3 %ID/g) were statistically highly

significant (p < 0.0001). Whereas the [131I]PHIPA3-10/99mTc-

sestamibi uptake ratio was about 2:1 in viable myocardium, in
scars, however, the accumulation of 99mTc-sestamibi was
slightly, but significantly, higher than that of [131I]PHIPA 3-10
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(mean Â±s.d.: 1.4 Â±0.1 X 1(T3 versus 1.2 Â±0.1 X 10 3

%ID/g; p < 0.0448).
Venous blood sampling, prior to explantation, revealed that

only minor amounts of the injected activities remained in the
blood at 50 min p.i.: [131I]PHIPA 3-10: approx. 15 %ID,
99mTc-sestamibi:approx. 3 %ID assuming a total blood volume

of 5.5 liter).

DISCUSSION
In coronary artery disease, differences between regional

radioiodinated fatty acid uptake and blood flow have frequently
been reported in infarcted myocardium. Two general mismatch
patterns, FFA > flow and FFA < flow, have been observed
(13-21). The more frequent phenomenon (FFA < flow) corre
sponds to hibernating or stunned myocardium (13), which may
point to a metabolic shift from FFA to glucose utilization (14).
This mismatch was found to be far more prevalent in areas
showing dyskinesia, acute infarction and/or reperfusion after
thrombolysis or PTCA (15-18). Thus, it may indicate persistent
metabolic abnormality associated with the failure of functional
recovery after revascularization, particularly in the early phase
of acute infarction (1,17). Excess of fatty acid uptake (FFA >
flow) has been proven as a sensitive indicator for residual,
viable myocardium (16,19-21). Enhanced [123I]BMIPPuptake

was often related to akinetic or dyskinetic areas subserved by
occluded arteries or previous infarction without emergent reper
fusion interventions. This mismatch pattern was interpreted as
increased metabolic demands of passive systolic wall stretch
(1,17).

In the present study, myocardial viability could be delineated
by preserved [123I]PHIPA 3-10 accumulation regardless of
severely reduced flow. Regarding the patient's history (infarc

tion without thrombolysis), coronary anatomy (insufficiently
collateralized LAD-occlusion) and dysfunction proof (akine-
sia), these results are in agreement with the findings observed
with BMIPP (1,17).

Following CABG the perfusion increased in the akinetic area
with preserved [123I]PHIPA3-10 uptake (FFA > flow) indi

cating hibernating myocardium (Fig. 2). Furthermore, viability
could be confirmed histologically. The question remains, how
ever, whether this mismatch pattern may predict salvageable
myocardium with functional recovery after revascularization.
Despite improved regional perfusion, the overall cardiac func
tion deteriorated during CABG, so that a heart transplantation
became unavoidable. Due to the implantation of the Novacor
left ventricular assist device, which prevented motion analysis,
regional functional outcome could not be determined.

Areas with FFA > flow (anterior wall) revealed no morpho
logical differences compared to areas with concordant, moder
ately reduced tracer uptake. Both phenomena represented pre
dominantly viable tissue, while the whole myocardium revealed
degenerative alterations due to chronic ischemia. The matched
[' rjPHIPA 3-10 and perfusion defect could be confirmed as

transmural scar (Fig. 3).
Confirmation of viability by histological examination has

been performed only in a limited number of studies (22).
Additionally, transmural myocardial biopsy requires much cau
tion to obtain representative tissue samples (21,23,24). Because
quantitation of SPECT data is not possible so far, the current
study provides the first quantitative results on the distribution of
gamma emitting radiopharmaceuticals in human myocardium.
Moreover, performing a dual-isotope study permitted that
information on metabolism and myocardial perfusion could be
obtained simultaneously.

Despite the close relation of myocardial fatty acid uptake

with regional flow and the sensitivity of cardiac fatty acid
oxidation to oxygen deprivation, viable myocardium always
revealed a significantly higher PHIPA 3-10 than sestamibi
accumulation (Fig. 4). In contrast, the distribution pattern
changed in scars (PHIPA 3-10 s flow). Although the analysis
of scars was limited to only three regions, these differences are
statistically significant as well. Interference of blood pool with
myocardial activity could be excluded because of the very fast
blood clearance of both tracers (t1/2pHipA= 7 min) (8,9).

As both tracers are trapped in the myocardium without
significant washout (8,9), different distribution patterns reflect
characteristic physiological differences of both tracers revealing
myocardial extraction of radioiodinated PHIPA 3-10 is more
dependent on myocardial viability than the uptake of 99mTc-
sestamibi. The pronounced differences between [123I]PHIPA
3-10 and 99mTc-sestamibi implicate a more accurate scinti-

graphic differentiation of viable from scared myocardial tissue
and support the hypothesis that [123I]PHIPA3-10 might serve

as metabolic marker for myocardial SPECT investigations. The
biochemical mechanisms affecting flow independent PHIPA
3-10 extraction, resulting in such distribution patterns are not
well understood so far and require further evaluation.

CONCLUSION
Iodine-123-PHIPA 3-10 is a promising fatty acid analog,

which is metabolically trapped in the myocardium with a long
biological half life of more than 15 hr, permitting SPECT
imaging. Our results imply that residual viable myocardium can
be differentiated more accurately from scars with radioiodi
nated PHIPA 3-10 than with 99mTc-sestamibi.Furthermore, the
different biodistribution of [13II]PHIPA 3-10 and 99mTc-sesta-

mibi in chronic ischemie myocardium and scars indicates that
not only the perfusion, but the metabolic state of the myocar
dium can be evaluated with radioiodinated PHIPA 3-10. As a
metabolic marker of the heart [123I]PHIPA 3-10 has the

potential to improve the assessment of myocardial viability with
SPECT.
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FIRST IMPRESSIONS
What Is the Radiopharmaceutical? What Are the Findings?

R ANT L L POST R
Figure 1.

PURPOSE
This case does not depict a liver scan with a lot of free pertechnetate in
the sulfur colloid preparation, but rather a 21 -yr-old woman with

adenocarcinoma of the pelvis. Her pathologic specimen demonstrated
features of neuroendocrine tumor which resulted in a referral for a '"In-

pentetreotide scan to evaluate extent of disease. The 4-hr whole-body

image (Fig. 1) showed multiple foci of intense radiotracer uptake in the
pelvis and lower abdomen, which confirmed the tumor masses seen on
MRI and confirms the somatostatin receptor positive status. Normal
uptake was seen in the liver, spleen and thyroid.

The interesting feature in the image is the large stomach-shaped uptake

in the upper abdomen, which is suspicious for a large tumor. Note,
however, the absence of renal activity, which is usually seen in this type
of study. The patient had crossed-fused ectopia of the left kidney, which

was positioned anterior to the lower lumbar spine and was fused to the
lower pole of the right kidney, resulting in the stomach-shaped finding
that could have been mistaken for a somatostatin receptor-positive tumor.

This case illustrates the importance of knowing the normal distribution
of a radiopharmaceutical to properly interpret images. The availability
and awareness of findings on correlative imaging findings is also useful.

TRACER
Indium-111-pentetreotide, 6 mCi

ROUTE OF ADMINISTRATION
Intravenous

TIME AFTER INJECTION
Four hours

INSTRUMENTATION
ADAC Dual Genesys gamma camera with medium-energy, general-

purpose collimator

CONTRIBUTORS
Henry Yeung and Homer Macapinlac, Memorial Sloan-Kettering Cancer

Center, New York, New York
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