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To determine the relationship of metabolic and perfusion
changes to alterations in ventricular function in the course of
cardiomyopathy, we performed serial measurements of ejection
fraction, myocardial perfusion, fatty acid uptake of 3-methyl-
pl'ZI}-phenyi-pentadecanoic acid (['2*l]3MPDA) and myocar-
dial histology in Syrian hamsters genetically predisposed to the
development of congestive cardiomyopathy (Bio T0-2) (n = 30)
and normal age-matched control animals (Bio F1B) (n = 13). To
obtain high-resolution information about the myocardium at the
time of onset of the first noticeable decrease in ventricular func-
tion, a multitracer autoradiographic study using ®*Tc-pyrophos-
phate, 2°'T1 and ['“C]3MPDA was obtained at 90 days of age.
Baseline ejection fraction recorded at 60 days averaged 60.3%;
by 90 days, it decreased to 54.3% (p < 0.05), falling to 41.3% at
180 days (p < 0.01) and declining to 30% at the end of the study.
A progressive increase in the extent of myocytolysis, fibrosis and
calcification was seen in the histologic studies as the animals
aged. The ratio of fatty acid-to-thallium uptake dropped from 0.51
+ 0.09t0 0.45 + 0.11 (p < 0.01), which is in parallel with the
reduction in ejection fraction. The thallium lung-to-heart ratio
increased from 0.51 at 90 days to 0.59 at 270 days (p < 0.05),
which corresponds to the worsening of cardiac function. The
macroautoradiographic studies demonstrated slight uptake of
pyrophosphate in the myopathic hamster hearts and minimal
changes in the regional distribution of fatty acid compared to that
of perfusion. We conclude that the decrease in ventricular func-
tion parallels the severity of myocytolysis and fibrosis. Although
decreased fatty acid uptake was apparent at an early stage, the
extent of the change is modest and is difficult to detect from
extemnal images.
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Bmary congestive cardiomyopathy is a disease of the
heart muscle of unknown etiology. Depending on the stage
and severity of the illness, global and regional function may
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be normal or depressed. While perfusion is generally nor-
mal in the early phases, several investigators have reported
focal perfusion abnormalities in the absence of coronary
artery disease (I). In advanced cardiomyopathy, marked
changes of fatty acid and glucose metabolism have been
observed (2). Whether the metabolic changes precede the
reduction of ventricular function or are a consequence of
reduced function is uncertain. To understand this relation-
ship, serial measurements beginning prior to the clinical
manifestation of the illness are required.

A strain of Syrian hamster develops congestive cardio-
myopathy due to a genetic abnormality, with phenotypic
expression in 100% of the affected line (3-5). On histologic
examination, the myocardium appears normal, at least
through 30 days of age in the female and 45 days in males;
spotty cellular myocytolysis with little surrounding inflam-
matory reaction occurs over the next 30-60 days (3). By 60
days of age, the maximum force of contraction (dF/dt) is
slightly depressed from that measured earlier (3) and prob-
ably represents the first manifestation of the depressed
ventricular function. In a preliminary study, we found no
discernible reduction in ventricular function through 60
days of age (6). The cause of myopathy is not well under-
stood, but appears to involve an alteration in the cellular
handling of calcium. Previous studies have shown a reduc-
tion in myocyte necrosis when the animals are treated with
the calcium channel blocker, verapamil (7,8).

To determine the relationship of metabolic and perfusion
changes to altered ventricular function, we studied four
groups of hamsters at different ages. One group, examined
at 90 days of age, was evaluated with macroautoradiogra-
phy to determine the relative distribution of perfusion and
fatty acid uptake in the endocardium and epicardium. In
addition, to determine if the changes in calcium uptake
could be detected, measurements were also studied with
9mTc-pyrophosphate. The remaining three groups of ani-
mals had radionuclide imaging studies of the myocardial
distribution of modified fatty acid and 2°'Tl recorded in
parallel with determinations of ejection fraction. The ani-
mals were studied at 90-120 days, 180-210 days and 270-
300 days of age. To define the relationship of metabolic and
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function measurements to myocardial histology, the ham-
sters were killed after radionuclide measurement at each
stage, their hearts were removed, fixed in formalin and
stained for evaluation by light microscopy.

Fatty acid uptake was measured with a branched-chain
fatty acid designed to prolong the retention of the agent in
the heart. A methyl group substituted for hydrogen on
carbon three prevents the initial cycle of beta-oxidation by
precluding formation of the keto-acyl Co-A (9-12). The
branched chain fatty acid enters the myocardial metabolic
pathway in proportion to palmitate, but is retained in the
tissue, probably in the form of triglycerides. A comparison
of 'IC labeled 3-methyl heptadecanoic acid (3MHDA) to
14C-palmitate demonstrated similar initial uptake of the two
agents, suggesting that 3SMHDA paralleled the uptake of
long-chain fatty acid (10). Analogues of 3MHDA were
synthesized with the phenyl group in the omega position
to permit iodination for single-photon imaging. In this
study, we used 3-methyl-p['Z’I]-phenyl-pentadecanoic acid
([(*®1]3MPDA), a modified fatty acid with the highest myo-
cardial uptake, longest myocardial retention and kinetics
similar to those of 3-methyl heptadecanoic acid.

MATERIALS AND METHODS

Animal Model

Male Syrian hamsters destined to develop cardiomyopathy
strain Bio T0-2 (formerly called Bio 53.58) (n = 33) and age-
matched normal control hamsters (Bio F1B) (n = 13) were eval-
uated. All animals had baseline ventricular function measure-
ments at 60 days of age and follow-up measurements at later times
as indicated below.

Macroautoradiography

Autoradiographic studies were performed in nine hamsters at
90 days of age (five myopathic, four controls) to determine the
distribution of fatty acid uptake, perfusion and to identify zones of
necrosis, presumably from calcium overload. Carbon-14-labeled
3-methyl-p-phenyl-pentadecanoic acid ([**C]3MPDA) was synthe-
sized as previously described (12). The animals received three
radiopharmaceuticals via intravenous (penile) injection: 30 mCi of
9mTc-pyrophosphate (PYP) followed ~3 hr later by coinjection of
500 uCi of °'T1 and 25 uCi of [**C]3MPDA. The animals were
killed 30 min later*, their hearts removed, frozen in liquid nitrogen
and sectioned with a cryomicrotome. Tissue sections of 16 micron
thickness were placed on Kodak x-ray single emulsion film for
exposure and developed using a standard x-ray processor. The
first exposure started within 6 hr of death and lasted for 3 hr to
define the distribution of ™Tc-PYP. The second exposure, initi-
ated 2 days later, following the decay of **Tc-PYP activity,
revealed 2°'T1 distribution. The third exposure, initiated 4 wk
later, required 10 days to record the distribution of [**C]3MPDA.
The regional distribution of ['*C]3MPDA was compared with that
of 71 and ™ Tc-PYP.

minutes was selected for death because preliminary studies demon-
strated a surprisingly long circulation time for the modified fatty acid. In contrast to
the usual half-time of blood clearance of <2 min in other species, the hamsters had
a half-time of >10 min.

1310

Electrocardiography

Electrocardiograms were recorded at the time of blood-pool
imaging using the standard limb and augmented unipolar lead
system; precordial leads were placed approximately at the manu-
brium and on the left mid-chest. EKGs were evaluated for the
electrical axis, presence of P waves, size and configuration of the
QRS complex and the presence of ST-segment abnormalities and
T-waves.

Scintillation Camera Studies

Modified Fatty Acid. Labeling of 3MPDA with 2] was accom-
plished by isotope exchange using acetic acid as the solvent and
CuSO, as the catalyst. The radiochemical yield exceeded 96%
(determined by thin-layer chromatography). The labeled product
was dried and dissolved in a human serum albumin/saline solu-
tion. The solution was sterilized by filtration (Millipore 0.22 pm).

Phantom Study

To determine whether data recorded with a dual-tracer collec-
tion requires correction for crossover of activity from one tracer
window to the other, sources of ! Tl and % (25 uCi) were placed
in petri dishes and imaged at both the iodine and thallium win-
dows.

Imaging Studies

All radionuclide images were recorded with a large field of view
scintillation camera (Technicare 410, Technicare Co., Solon, OH)
equipped with a pinhole collimator and 3-mm aperture. Data from
the scintillation camera were recorded in a dedicated computer
system (MCS 560, Technicare Co., Solon, OH).

Blood-Pool Images

Left ventricular ejection fraction (LVEF) was assessed by
multigated blood-pool images recorded at 60, 90-120, 180-210
and 270-300 days of age. All animals were examined at their time
of arrival in the laboratory (60 days of age) and the time of death.
Following intravenous (penile) injection of 20 mCi of *™Tc-IgG
(6) the pinhole was positioned to optimize magnification (about 1
cm from the chest), with the heart centered in the field of view.
Electrodes were attached to the limbs and the EKG was evaluated
for adequate gating. The typical heart rate was <100 bpm. The
cardiac cycle was divided into 24 frames (64 x 64 matrix); data
were recorded in the anterior projection for 600 sec/acquisition.
LVEF was calculated manually as previously described (6).
Briefly, after background subtraction, regions of interest (ROISs)
were drawn over the left ventricular blood-pool at end-systole and
end-diastole, and the resultant counts in each region were used to
calculate ejection fraction.

Thalllum-201 and ['>[]3MPDA Images

The animals were fasted for at least 12 hr prior to injection.
Perfusion and fatty acid images were recorded following co-injec-
tion of 500 uCi of °'T1 and 500 uCi of ['*I]3MPDA. The pinhole
was positioned to optimize magnification (about 1 cm from the
chest) with minimal distortion. The left ventricle was centered in
the field of view. Thallium-201 images were recorded within 5 min
of injection at the 80 keV mercury x-ray with a 20% window
followed by the iodide data within 30 min of injection with a 20%
window centered at 159 keV. The perfusion and modified fatty
acid images were recorded in a 128 X 128 matrix for a preset time
of 10 min each.

For each °'Tl and ['?I]3MPDA image pair, the total heart
uptake of radiopharmaceutical was determined from the total
myocardial ROI after interpolated background subtraction and

The Joumal of Nuclear Medicine * Vol. 34  No. 8 ¢ August 1933



normalization for the injected dose. The lung-to-heart uptake ratio
was measured for 2°'T1 from ROISs set over the anterior wall of the
myocardium and the upper portion of the left lung field.

Histologic Findings

At the conclusion of the imaging studies, the hamsters were
anesthetized with phenobarbital, killed, and the hearts were re-
moved, fixed in 3.7% buffered formaldehyde, embedded and cut
into 5-um thick sections. The specimens were stained with hema-
toxylin-eosin and Masson’s trichrome stains and examined for
fibrosis and myocytolysis.

Statistical Analysis

Results are expressed as mean * s.d. and are analyzed with
unpaired t-test when appropriate. Statistical significance was
taken as p < 0.05.

RESULTS

Macroautoradiography

Multitracer autoradiography demonstrated a uniform
distribution of perfusion, but a minimal decrease in the
subendocardial uptake of fatty acid in the four myopathic
hamsters at 90 days (Fig. 1). Several small focal zones of
mid-myocardial pyrophosphate uptake were observed in
the left ventricle of each myopathic hamster. No pyrophos-
phate accumulation was observed in four control hamsters.

Phantoms

The crossover contribution of 2°'T1 (80 keV) to the I
window (159 keV) was 14% with 25 uCi in the field of view.
Under these circumstances 1% of iodine counts were found
in the thallium window. Assuming 2%-4% of the adminis-
tered dose of each tracer localized in the myocardium, less
than 15% of the measured counts of thallium would appear
in the iodine window. Based on these observations, no
correction for crossover was performed.

Electrocardiography
The electrocardiographic study showed decreased QRS
amplitude, left-axis deviation of the spatial vector and flat
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FIGURE 1. Multitracer autoradiography of mid-ventricular speci-
mens of age-matched controls (top) and myopathic hamsters (bot-
tom). Technetium-39m-PYP is depicted in the left hand panels, 2°'T
in the center and ['“CJ3MPDA on the right. No accumulation of
SOmTc-PYP is seen and there is uniform distribution of 2°'T1 and
['“C]3MPDA in the 90-day-old normal control. Note the mild %™ Tc-
PYP uptake in the periphery of the myocardium and the minimal
mismatch between 2°'Tl and ['“C]3MPDA in the subendocardial
region of the age-matched Syrian hamster.
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FIGURE 2. Representative electrocardiograms of lead |, I, Ili,
aVR, aVl, aVF and V5 as indicated. The left column are data

recorded in a normal control hamster at 210 days of age; middle:
cardiomyopathic hamster at 210 days of age; and right: Cardiomy-
opathic hamster at 270 days of age. Note decreased QRS ampili-
tude, left axis deviation of the spatial vector and flat T-waves. These
changes began on the initial tracings recorded at 180 days and
progressed with increasing of age.

T-waves. These changes were observed on the initial trac-
ings recorded at 120 days and progressed as the hamsters
aged. Representative ECGs are shown in Figure 2.

In Vivo imaging Studies

Thirty-three myopathic hamsters and 13 normal ham-
sters were evaluated. The myopathic group (n = 11), eval-
uated at 90 to 120 days, continued to gain weight and
appeared healthy. The myopathic animals (n = 11), evalu-
ated at 180-210 days, did not appear as robust as those in
the earlier study, but continued to gain weight. The animals
evaluated at 270-300 days appeared ill, failed to continue
gaining weight and had gross evidence of ascites (n = 11).

Gated Blood-Pool Scans

LVEF in the myopathic hamsters decreased from 60.3%
+ 7.2% initially, to 54.3% * 7.2% (p < 0.05) by 90 days,
41.3% % 5.7% (p < 0.01) by 180 days and declined further
to 30% + 6.3% (p < 0.01) at the end of the study. LVEF in
the age-matched normal hamsters did not change signifi-
cantly (64.8% * 6.2%, 63.4% + 3.1%, 62.3% * 3.6% and
63.3% * 3.3%) (p = ns), respectively (Table 1). The de-
cline in ejection fraction was accompanied by dilatation of
the left ventricle and a decrease in wall motion.

Thallium and Fatty Acid Images
Although the autoradiographs demonstrated minor dif-
ferences between thallium and fatty acid prior to 90 days of
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TABLE 1
Serial Changes in LVEF

Early stage

Middle stage Late stage
(60 days) (90-120 days) (180210 days) (270300 days)
Control 648 + 62— 634 + 3.1 623 + 3.6 633 +33
NS p <0.05 p < 0.01 p < 0.01
Myopathic 603 + 7.2— 543+ 721 413+57_| 303 +63
L NS I p < 0.01 1 p < 0.01 _1
age, the in vivo images did not demonstrate significant DISCUSSION

heterogeneity until 180-210 days of age. Quantitative anal-
ysis of the 2! Tl-to-fatty acid uptake ratio is shown in Table
2. The count ratios between fatty acid and 2! Tl changed in
the myopathic: 0.51 + 0.09 at 90-120 days old (p < 0.05),
0.49 = 0.10 at 180-210 days (p < 0.01), 0.45 + 0.11 at
270-300 days old (p < 0.01), but remained constant in the
control animals: 0.60 + 0.01 at 90-120 days old, 0.61 *
0.06 at 180-210 days old, 0.58 + 0.05 at 270-300 days old
(Table 2). Representative examples are shown in Figure 3.
Thallium-201 lung-to-myocardial ratios in normal ham-
sters averaged 0.43. Thallium-201 lung-to-myocardial ratio
in the myopathic hamsters was elevated at 0.51 * 0.06
early in the study when the animals were 90-120 days of
age (p < 0.01). The ratio increased slightly to 0.52 + 0.07
at 180-210 days old and rose significantly to 0.59 + 0.05
(p < 0.05) at 270 days in the myopathic hamsters (Table 3).
No significant changes were noted in the normal control
animals (0.43 = 0.09 at 90-120 days old, 0.43 + 0.03 at
180-210 days old, 0.44 + 0.04 at 270-300 days old).

Histologic Findings

Light microscopic observations of the heart in cardio-
myopathic Bio T0-2 Syrian hamsters revealed progressive
changes. The changes consisted of focal myocytolysis with
concurrent healing by fibrous tissue replacement and my-
ocellular and interstitial calcification. Foci of myofibrillar
degeneration (myocytolysis and partial calcification) were
observed initially at 90 days. In the 180-day-old myopathic
hamsters, there was an increase in myocytolysis with fi-
broblasts. At 300 days of age, active myocytolysis had
diminished, and there was more pronounced healing and
ventricular scarring, and hypertrophy. Representative
cases are shown in Figure 4.

Previous work by Bajusz et al. demonstrated that car-
diac muscle lesions developed in 100% of Bio 14.6 Syrian
hamsters (13). Although the first dystrophic inborn lines
were noted accidentally from animals of the Bio 1.50 line,
several cardiomyopathic lines are now maintained from the
BIO 14.6 line (14). These animals have a mean life expect-
ancy of 12 mo. During the first phase of disease, no clinical
or gross pathologic changes occur. As the animals age,
they develop EKG changes that are manifested by alter-
ations in the QRS complex and spatial vector in parallel
with the development of the histologic lesions (4). In the
present experiment, changes of left-axis deviation, enlarge-
ment of P-waves and low voltage in the QRS complex
suggested ventricular overload and loss of myocardial
cells. These changes correspond to a marked reduction of
ventricular function, decreasing from a baseline value of
60.3% to 41% by 180 days of age.

Histologic lesions have not been seen by light micros-
copy in Syrian hamster myopathic hearts before the 45th
day of life, although ultrastructural studies of cardiomyo-
pathic heart revealed focal dissolution of myofilaments in
male animals at 30 days of age and female animals at 50
days of age (15). By 60 days, focal myocytolysis with little
surrounding inflammatory reaction begins in both sexes.
Foci of myofibrillar degeneration were observed most fre-
quently between 50 and 150 days of age and continued to
increase to 180 days of age. These histologic changes were
observed prior to the onset of clinical signs of congestive
heart failure. In our experiment, foci of myofibrillar degen-
eration (myocytolysis and partial calcification) were ob-
served at 60-90 days. The abnormal uptake of pyrophos-
phate seen on autoradiography at 90 days is probably a
reflection of histological calcification. LVEF was slightly

TABLE 2
Serial Changes in Total Count Ratio Between Fatty Acid and 2°'Tl
Earty stage Middle stage Late stage
(90-120 days) (180-210 days) (270-300 days)
Control 060 £ 0.1 0.61 + 0.06 0.58 + 0.05
p < 0.05 p < 0.01 p < 0.01
Myopathy 051 + 0.09— 0.49 + 0.10 045+ 0.11 |
L NS I L p<005 — | l
p < 0.01
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FIGURE 3 Representative ['21]3MHDA (tows1 and3)and"‘°‘11
images (rows 2 and 4) in the anterior projection in a normal hamster
(top two panels) and a myopathic hamster (bottom two panels). Data
in the left hand column were recorded at 90-120 days of age; in the
center column at 180-210 days; and at 270-300 days on the right.
Note the modest changes in myocardial fatty acid uptake over time.
At the beginning of the study, the myopathic animals had high lung
uptake of fatty acid. The ratio of heart-to-iver (in the images) and
absolute myocardial fatty acid uptake (summarized in Table 2) indi-
cates the decline in myocardial fatty acid uptake. Thallium uptake, on
the other hand, remains relatively unchanged throughout the study.

reduced at this time. Although it is difficult to relate these
histologic changes directly to altered fatty acid uptake and
myocardial perfusion, we observed a decrease of global
fatty acid uptake and foci of abnormal pyrophosphate up-
take in myopathic hamsters at 90 days. This parallels initial
observations of decreased function.

Although the precise genetic defect in the Syrian ham-
ster has not been determined, calcium overload of myo-
cytes has been implicated in the etiology of cardiac abnor-
malities in these hamsters (16). Several studies have shown
that the abnormalities in voltage-dependent calcium chan-
nels play a role in the pathophysiology of cardiomyopathic
hamsters (I7-19). Kuo et al. reported that the imbalance in
Ca?* flux followed by a selective decrease of Ca®*-pump-
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FIGURE 4. Sampiles of histologic sections from representative

animals studied at 90-120 days (upper), 180-210 days
(middle) and 270-300 days (bottom). The specimens on the left
were stained with H&E, whereas those on the right were stained with
Masson's trichrome. Early in myopathic course, minimal changes
are evident. The specimen in the upper panel demonstrated slight
myocytolysis with minimal calcification and fibrosis. At 180-210 days

(center panel), focal degeneration (myocytolysis and calcification) is
more apparent and fibrosis is more extensive. The specimen on the
bottom demonstrates marked fibrosis and numerous dark staining
calcium granules both intracellularly and extracellularly.

ing ATPase activity may be involved in the pathogenesis of
this cardiomyopathy (20). The presence of electron-dense
calcium apatite granules within mitochondria and our ob-
servation of pyrophosphate uptake supports the concept
that an overload of cellular calcium plays a role in the
process. Accumulation of **™Tc-pyrophosphate suggests
irreversible injured myocardium probably due to calcium
overload of myocytes (21). On the other hand, Factor et al.
suggested that microvascular spasm may be a common
denominator of many different cardiomyopathic syn-
dromes (22). The relatively normal regional and global dis-
tribution of ?°'Tl in myopathic animals, however, makes
this unlikely. The fact that treatment with verapamil has
been effective in preventing abnormalities of cardiac func-
tion and histopathology (23,24) in these animals provides
additional evidence that abnormal handling of this ion plays
a significant role in the evolution of this disorder.
Long-chain fatty acids are the principle substrate of
myocardial metabolism. Under aerobic conditions, most
fatty acids are rapidly catabolized by beta-oxidation (25).

TABLE 3
Serial Changes in 2°'Tl Lung-to-Myocardial Ratio
Earty stage Middie stage Late stage
(90-120 days) (180-210 days) (270300 days)
Control 043 + 0.04 043 + 0.03 0.44 + 0.04
p < 0.01 p <0.05 p < 0.01
Myopathy 051 + 0,06 052 + 0,07 0.59 + 0,05
L NS 1ol p <005 ‘
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Significant changes in fatty acid metabolism occur under
conditions of hypoxia and ischemia (26). The branched-
chain modified fatty acid analog used in this study,
3MHDA, is metabolically ““trapped’” in the myocardium
following the formation of acyl CoA (8). Theoretically,
beta-oxidation beyond the third enzymatic step in the four
enzyme beta-oxidation pathway cannot occur due to the
3-methyl group substitution (27). The importance of fatty
acid utilization was demonstrated by Aswitto et al. These
investigators found that within a few hours of birth, pig
hearts are able to oxidize long-chain fatty acids and that the
rate of oxidation is linked to mechanical function (28).
Furthermore, a decrease in fatty acid oxidation after cor-
onary occlusion causes a marked decrease in myocardial
tension development (29) and the accumulation of fatty
acyl-CoA and acyl camitine esters in the cytosol (30).
Thus, fatty acid metabolism can serve as an indicator of
myocardial energetic efficiency (8). Goldstein et al. dem-
onstrated that the clearance rate of 'C-palmitate from rab-
bit myocardium can serve as index for whole heart metab-
olism of fatty acids (30). In studies with 'C-palmitic acid
and other long straight-chain ''C-labeled fatty acids, there
is fast washout of activity from the myocardium due to
beta-oxidation, which requires rapid, serial imaging to de-
termine the metabolic rate. Alpha and omega oxidation
seem to make only a small contribution to fatty-acid me-
tabolism in the myocardium (31). Livni et al. demonstrated
that “C-heptadecanoic acid (HDA) is trapped in propor-
tion to palmitic acid in the myocardium and might therefore
be used for studies of myocardial fatty acid uptake (9).

In this study, we used ['ZI]3MPDA, a modified fatty
acid with the highest myocardial uptake, longest myocar-
dial retention and kinetics similar to those of 3-methyl
heptadecanoic acid. Perfusion and modified fatty acid up-
take are closely coupled and have a similar pattern of
distribution in normal myocardium (32,33). Furthermore,
Miller et al. reported that accumulation of the branched-
chain fatty acid analog was characteristic of ischemically
“stunned” but viable myocardium (34). When both fatty
acid and perfusion were decreased, the myocardium was
damaged irreversibly. In the myopathic animals reported
here, a different pattern was observed, fatty acid uptake
was globally reduced and heterogeneous, especially at the
late phases of illgess when the animals had ascites and
appeared grossly ill (35). Whether the reduction in fatty
acid uptake was due to substitution of another substrate,
such as glucose, cannot be stated from the present exper-
iment. The decrease in ventricular function associated with
a decrease in fatty acid uptake, however, suggests that
myocardial metabolism may be globally reduced.

CONCLUSION

This study demonstrated progressive changes in left ven-
tricular function which paralleled alterations in the histol-
ogy of the left ventricle in cardiomyopathic Syrian ham-
sters. On the initial images, myocardial perfusion and fatty
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acid uptake were nonhomogeneous and autoradiographic
studies of 90-day-old hamsters demonstrated slight suben-
docardial loss of fatty acid uptake. At this time, focal zones
of pyrophosphate localization were seen in the mid-myo-
cardium of the myopathic animals. Although these changes
were apparent on the autoradiographs, they were not vis-
ible on in vivo pinhole images (data not shown). By 90 days
of age, the LVEF had decreased significantly, although
slightly from control values. By 180 days of age, LVEF had
decreased substantially and continued to fall to the end of
the study.

Our studies suggest that myocardial metabolism was
altered at a very early stage in the natural history of this
disease, which parallels alterations in histology and func-
tion. Myocardial perfusion remains essentially unchanged
as the animals develop heart failure. Although this study
suggests that metabolic changes occur in parallel with a
reduction of ventricular function, the changes are modest
and are difficult to detect by imaging. Determination of the
relationship of regional perfusion to fatty acid uptake may
be useful as an additional parameter of altered function in
this animal model of cardiomyopathy, but it is not likely to
be more sensitive than determination of ventricular func-
tion.
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