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Etidronate and pyrophosphate, labeled with Tc-95m and Tc-99m, were
studied in experimentally infarcted mongrel dogs. A distribution study was
conducted 2 hr after simultaneous administration of both agents in two
groups of dogs. In one group, the injection was made 15 min after release
of a 2-hr coronary arterial ligation. Another group was injected 48 hr after
release of the ligation. The uptakes for each radiopharmaceutical and the
ratio of uptakes for each sample were computed. The data show pyrophos-
phate to be a superior agent for the imaging of acute myocardial infarcts
because of the higher uptake by infarcted myocardium and the greater con-
trast between infarcted myocardium and neighboring organs.
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A number of Tc-99m radiopharmaceuticals have
been shown to concentrate in acutely infarcted myo-
cardium. These include tetracycline, glucoheptonate,
polyphosphate, etidronate, and pyrophosphate (1-5).
Of these compounds, the use of Tc-99m etidronate
(HEDP) and Tc-99m pyrophosphate (PP;) pre-
dominates in the imaging of acute myocardial in-
farction due, for the most part, to their superior
uptake in infarcted myocardium. The purpose of
this study was to determine whether one would be
superior to the other.

This comparison was made using the two agents
together, one labeled with Tc-99m and the other
with Tc-95m, in dogs with surgically infarcted hearts.
The ratio of pyrophosphate uptake to etidronate
uptake was then computed for the heart and for sur-
rounding organs.

METHODS AND MATERIALS

Experimental infarction. Myocardial infarctions of
the left ventricle were induced in mongrel dogs by
a 2-hr ligation of the anterior descending coronary
artery at the level of the tip of the left atrium, fol-
lowed by release of the ligation. No dog was found
to have an abnormal EKG before the surgical pro-
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cedure. In one group, injection of HEDP and PP;
was made 15 minutes after release of the ligation
and the animal killed two hr later. This time period
was chosen since it has been reported previously
that uptake of these tracers would occur rapidly in
this infarction model (6). Each animal was main-
tained on a mechanical respirator until sacrifice. In
a second group of dogs, injection was made 48 hr
after release of the ligation. These dogs had their
incision closed and were allowed to recover after the
operation.

Radiopharmaceuticals. [**»Tc] sodium pertechne-
tate was obtained by elution from a generator.
[?*mTc] sodium pertechnetate was obtained com-
mercially.* The technetium etidronate kitt and tech-
netium pyrophosphate kit were also obtained com-
mercially.

Each kit was labeled with the appropriate isotope
of technetium. The Tc-95m activity added to each
kit vial was less than S0 xCi—that is, less than 1.4 X
103 atoms.
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Nonhemorrhagic infarct
* Percent kg dose/g tissve.

$ Data from one dog receiving Tc-95m PP, and Tc-99m HEDP.

TABLE 1. UPTAKE OF HEDP AND PP, IN THE EARLY-INFARCT GROUP FOLLOWING
SIMULTANEOUS INJECTION OF BOTH RADIOPHARMACEUTICALS LABELED WITH Tc-99m AND Tc-95m
Uptake X 100*
Tissve Tc-99m PPit Tc-95mTc PPt 95mTc HEDPY Tc-99m HEDPE
Blood 3.92 (3.59- 4.21) 5.22 4.63 (3.88- 5.07) 7.5
Diaphragm 4.06 (2.53- 6.07) 2n 475 (2.43- 8.21) 2,23
Liver 4.86 (2.17- 9.97) 2.55 173 (1.24- 2.24) 1.98
Lung 5.27 (3.70- 7.95) 279 3.33 (2.88- 3.97) 3.36
Normal myocardium 6.18 (4.11- 7.79) 1.4 274 (1.82- 4.39) 1.88
Rib 30.5 (20.5 -37.7) 35.6 25.6 (17.5 -32.6) 358
Hemorrhagic infarct 29.7 (—) 36.6 16.0 =) 27.8
56.3 (26.6 -76.1) 60.8 471

1 Data from three dogs receiving Tc-99m PP; and Tc-95m HEDP (mean and range).

31.3 (159 -354)

The Tc-99m activity added to each kit vial was
less than 2 mCi. Each animal received approximately
40 pCi Tc-95m and 200 uCi Tc-99m. The dose of
Tc-99m was made larger because this isotope of
technetium decays more rapidly. Another reason is
because the Tc-99m photopeak is counted in a
window containing Tc-95m counts from Compton
scatter. Increasing the activity of Tc-99m reduces the
errors of measurement.

Thin-layer chromatography, which is able to dis-
tinguish the tagged product from pertechnetate and
reduced technetium colloid, was performed (7) and
the radiopharmaceuticals were always found to be
better than 92% radiochemically pure. The quantity
of HEDP administered was 0.73 mg and of PP, 6.9
mg, in accordance with the manufacturers’ recom-
mended doses. These quantities (approximately 0.3
mg/kg of PP, and 0.04 mg/kg of HEDP) are ap-
proximately one-tenth of those found to alter liver,
bone, and bone-marrow distribution in rabbits (8).
We therefore feel confident that the available binding
sites in the tissue are in sufficient excess to avoid
their saturation, which could alter the relative dis-
tribution of each radiopharmaceutical. In addition,
two other dogs were studied using equal masses of
the two tracers (0.73 mg or 0.04 mg/kg in each
case), even though this delivers less pyrophosphate
than is recommended by the manufacturer.

Procedure. In one group of three dogs, 6.9 mg
Tc-99m PP, and 0.73 mg Tc-95m HEDP were
administered simultaneously from separate syringes
15 min after release of the coronary obstruction. In
a separate study the labels were switched, each being
attached to the vector formerly used for the other.
No difference in the tissue distribution attributable
to this change could be found (Table 1). Conse-
quently, all four dogs (the early-infarct group) were
combined into a single group for analysis.

906

In a second group of three dogs (the aged-infarct
group), the same procedure was followed except
that the injection was made 48 hr after release of the
ligation.

A third group of two dogs (the equal-mass aged-
infarct group) had 0.73 mg each of Tc-99m PP, and
Tc-95m HEDP injected 48 hr after release of the
ligature. No difference in the tissue distribution
caused by altering the mass of PP, injected could
be found (Table 2). Consequently, all five dogs (the
aged-infarct group) were combined into a single
group for analysis.

In all cases, dogs were killed by overdose of so-
dium pentobarbital 2 hr after injection. Organs of
interest were removed and samples were taken,
weighed, and placed in tubes containing 10% buff-
ered formalin.

Multiple samples (two to six samples of each tis-
sue from each animal) of microscopically confirmed
normal and infarcted myocardial tissue (hemor-
rhagic and nonhemorrhagic) and other tissues were
counted from each animal. All samples were counted
in a dual-channel automatic gamma spectrometer.§
The Tc-95m was counted using a window from 190
to 230 keV and the Tc-99m used a window from 120
to 160 keV with correction for decay and for Comp-
ton scatter from the Tc-95m. The photopeak-to-
Compton ratio for Tc-95m was computed for dif-
ferent tissue types as well as for the technetium
standard, and was not found to vary appreciably
between samples. The injected activities were de-
termined by counting aliquots of the radiopharma-
ceutical, corrected for residual syringe activity fol-
lowing injection, and the concentration of activity in
each sample was computed (9).

RESULTS
Two hours after injection, both PP, and HEDP
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TABLE 2. SIMULTANEOUS UPTAKE OF Tc-99m PP; AND Tc-95m HEDP IN THE AGED-INFARCT GROUP
WITH TWO DIFFERENT ADMINISTERED QUANTITIES OF Tc-99m PP,

Uptake X 100*

* Percent kg dose/g tissue (mean and range).
1 Data from three dogs.
$ Data from two dogs.

Tissve 6.9 mg Tc-99m PPt 0.73 mg Tc-95m HEDPt 0.73 mg Tc-99m PP 0.73 mg Tc-95m HEDP%

Blood 5.04 (4.79- 541) 519 (4.60- 5.72) 430 (3.47- 5.13) 4.59 (4.12- 5.06)
Diaphragm 1.25 (1.07- 1.57) 1.32 (1.06~ 1.47) 1.64 (1.07- 2.21) 1.42 (1.18- 1.66)
Liver 3.38 (2.67- 3.88) 1.63 (1.16- 1.87) 4.44 (3.32- 5.55) 1.63 (1.07- 2.19)
Lung 3.70 (3.10- 4.32) 3.53 (2.97- 3.85) 4.76 (2.80- 6.72) 6.5 (3.63- 9.37)
Normal myocardium 1.97 (1.69- 2.28) 171 (1.53- 1.88) 3.80 (2.59- 5.01) 244 (1.27- 3.61)
Rib 223 (11.8 -357) 20.5 (11.4 -32.1) 39.1 (19.6 - 58.6) 35.2 (34.9 -35.5)
Hemorrhagic infarct 36.9 (12.8 -53.4) 169 (6.42-26.1) 16.1 (—) 629 (=)
Nonhemorrhagic infarct 60.0 (44.2 -79.1) 20.5 (15.6 -26.5) m (47.7 -175) 42,9 (37.9 —47.9)

TABLE 3. OVERALL UPTAKE OF TECHNETIUM ETIDRONATE AND PYROPHOSPHATE IN DOGS WITH
EXPERIMENTALLY INFARCTED HEARTS 2 HR AFTER INJECTION

Uptake X 100*

Early-infarct groupt

Aged-infarct groupt

Nonhemorrhagic infarct 57.4 (26.6 -76.1) 353
* Percent kg dose/g tissue (mean and range).
t Results from four dogs.

$ Resuits from five dogs.

Tissve Pyrophosphate Etidronate Pyrophosphate Etidronate
Blood 4.25 (3.59- 5.22) 5.35 (3.88- 7.51) 474 (347- 541) 495 (4.12- 572)
Diaphragm 3.57 (2.11- 6.07) 412 (2.23- 8.21) 141 (1.07- 2.21) 1.36 (1.06~ 1.66)
Liver 4.28 (2.17- 9.97) 1.79 (1.24- 2.24) 3.80 (2.67- 5.55) 1.63 (1.07- 2.19)
Lung 4.65 (2.79- 7.95) 3.34 (2.88- 3.97) 412 (2.80- 6.72) 472 (2.97- 9.37)
Normal myocardium 499 (1.41- 7.79) 2.53 (1.82- 4.39) 270 (1.69- 5.01) 2.00 (1.27- 3.61)
Rib 31.8 (205 -37.7) 28.2 (17.5 -35.8) 29.0 (11.8 - 58.6) 264 (11.4 -35.5)
Hemorrhagic infarct 33.2 (29.7 -36.6) 219 (16.0 -27.8) 31.9 (12.8 - 534) 284 (6.42-62.9)

(15.9 —47.1) 80.5 (44.2 -175) 29.5 (15.6 —47.9)

show substantial uptake in bone and infarcted myo-
cardium for the early- and aged-infarct groups (Ta-
ble 3). The bone uptake is comparable in magnitude
with hemorrhagic and nonhemorrhagic infarcted tis-
sue for both agents, which reduces their value in
cardiac studies. The uptake by blood, diaphragm,
liver, lung, and normal myocardium is seen to be
1.8-25% of the activity (percent kg dose/g tissue)
in infarcted tissue. The data show sizable variation in
uptake between animals, which is to be expected
since the study used mongrel dogs of varying age.

A more helpful method for comparing the two
radiopharmaceuticals is to compute the simultaneous
PP,/HEDP ratio for each tissue sample and to com-
pare these ratios (Table 4).

In the early-infarct group, the mean PP,/HEDP
ratio is 1.59-1.67 for infarcted tissue, 1.15 for bone,
and 0.814-2.24 for other background tissues. Simi-
larly in the aged-infarct group, the mean PP,/HEDP
ratio ranges from 2.27 to 3.33 for infarcted tissue,
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1.09 for rib, and from 0.975 to 2.40 for other back-
ground tissues.

DISCUSSION

Etidronate and PP, have previously been shown
to be effective in the diagnosis of acute myocardial
infarction (1,2,5). In this study, to ascertain whether
one of them would generally outperform the other,
mongrel dogs were chosen because of their size,
availability, and variability in an attempt to simulate
the clinical setting, in which patients of various races,
ages, and weights are encountered. The simultaneous
dual-isotope technique is essential because of the
variability in uptake from animal to animal, in the
degree of experimental infarction created in each
animal, and especially in the age of the infarct. With
our procedure, each dog and each tissue concentrates
PP, and HEDP at the same time under the same
conditions and each sample is counted under iden-
tical conditions.
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TABLE 4. PP,/HEDP RATIOS*

Early-infarct Aged-infarct

Tissve groupt groupt

Blood 0.814 (0.697-0.924) 0.975 (0.697-1.24)
Diaphragm 145 (0.436-3.77) 1.08 (0.647-1.87)
Liver 2.24 (1.29 —4.50) 240 (1.94 -3.13)
Lung 143 (1.04 -2.54) 1.19 (0.806-1.85)
Normal

myocardivm 2.14 (0.751-4.28) 1.38 (0.892-2.09)
Rib 1.15 (0.994-1.26) 1.09 (0.553-1.68)
Hemorrhagic

infarct 1.59 (1.32 -1.8¢) 227 (1.97 -2.66)
Nonhemorrhagic

infarct 1.67 (1.71 -1.88) 333 (1.27 -6.62)

* PPi/HEDP ratio (mean and range).

t Each ratio is from multiple tissue samples from four
dogs.

$ Each ratio is from multiple tissue samples from five
dogs.

The results from this study show that in terms of
absolute uptake (percent kg dose/g tissue), infarcted
tissue accumulates four to 57 times the activity of
any of the neighboring background organs with the
exception of rib, in which concentration is from 0.4
to 1.3 times the infarct activity for both tracers.

In the group of dogs containing early infarcts,
the PP,/HEDP ratio is approximately 1.6 for both
grossly hemorrhagic and nonhemorrhagic infarcts.
In each animal, this ratio is significantly greater than
one (p = 0.05) using a one-sided paired ¢ test.
The ratio in blood—a major contribution to image
background—is 0.8. These factors demonstrate that
PP, is substantially better than HEDP. The result is
weakened to a small extent by a ratio of 1.15 for
rib, since the ribs have good uptake and lie directly
over the heart. The ratios for other organs—includ-
ing lung, liver, diaphragm, and normal myocardium
—are also greater than 1.0, although they are ex-
tremely variable between dogs and relatively unim-
portant because of their low uptake.

The group of dogs containing aged infarcts shows
the desirability of PP; to a greater extent. The PP,/
HEDP ratios for grossly hemorrhagic and nonhemor-
rhagic infarcts are 2.3 and 3.3. Again, the ratios for
infarcts in each animal are significantly greater than
2.0 (p = 0.05). The ratios for lung, blood, dia-
phragm, and normal myocardium are nearly 1.0.
These data clearly show PP, to be superior to HEDP.
The ratio for rib and liver again show pyrophosphate
to have some disadvantages, although only to a
lesser extent. Although comparable to that of in-
farcted myocardium, the uptake by the rib is only
9% more for PP; than for HEDP, and therefore
little difference will be seen between them in bone.
Since liver uptake is only about 10% that of in-
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farcted myocardium and does not lie over the heart,
the PP,/HEDRP ratio of 2.1 will not seriously affect
imaging.

Little difference can be seen between (A) the
group of dogs with aged infarcts that received the
recommended quantity of PP, and HEDP, and (B)
the group that received equal masses of the two
agents. We therefore conclude that in this model
the dose of PP, administered has little effect on tissue
distribution in the range tested.

Although both PP, and HEDP are indicated for
use in bone imaging, and more recently have been
suggested for the diagnosis of acute myocardial in-
farction, the PP,/HEDP ratios for bone and infarct
are not equal to 1.0, indicating a difference in ki-
netics or uptake mechanism by these tissues for the
two radiopharmaceuticals.

From our experimental canine data, we conclude
that both radiopharmaceuticals are useful in the diag-
nosis of acute infarctions, but that PP, will yield
images with greater infarct intensity and improved
contrast compared with HEDP. These findings are
in agreement with the animal studies performed by
Bonte et al. (5), who report a subjective preference
for PP, in myocardial infarct studies performed
with PP,, HEDP, and polyphosphate. Since the dis-
tribution in animals varies substantially between
manufacturers of both HEDP and PP, (10), the re-
sults of this study should be carefully considered
when using other sources of these drugs.
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