
Myocardial scintigraphy with technetium-99m
stannous pyrophosphate (Tc-99m PPi) is a sensitive and
accurate test to determine myocardial necrosis when
performed between 1 and 5 days after infarction (1â€”14).

Its sensitivity is decreased in the first few hours after
infarction, presumably due to the relatively poor col
lateral blood flow to the damaged tissue. This has led to
the development of serial Tc-99m PPi imaging to im
prove the sensitivity of the test by compensating for the
variability in development of collateral flow to the in
jured tissue in acute myocardial infarction. If lack of
adequate collateral blood flow is the primary reason for
nonvisualization in the first few hours after acute in
farction, this phenomenon would also be expected to
influence detection of infarcted areas by other radio
pharmaceuticals at similar times. This study was un
dertaken primarily to determine the effects of coronary
blood flowon tissue uptake of Tc-99m PP1in the im
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mediate postocclusion period. A secondary goal was to
document that intracoronary injection of Tc-99m PPi
leads to significantly higher infarct concentrations than
intravenous injections. While this fact seems intuitively
obvious, it has not been documented with Tc-99m PPi.
Other new radiopharmaceuticals being developed for
acute infarct imaging (15,16) have been reported using
intracoronary injections. The data obtained in the
present study will be useful in comparing other focal
increased activity radiopharmaceuticals with Tc-99m
PPi.

METHODS AND MATERIALS

The following protocol was designed. Twenty-four
mongrel dogs were anesthetized with intravenous pen
tobarbital sodium (30 mg/kg) and underwent thora
cotomy followed by ligation of the proximal left anterior
descending coronary artery (LAD). Three hours later
the dogs were divided into two groups. In Group A (13
dogs) the occlusion was released. Fifteen minutes later,
3.0 mCi Tc-99m PPi, containing 2.5 mg pyrophosphate,
were injected into the proximal LAD by catheter in six
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Theeffectofbloodflowandsiteof injectiononTc-99m PPIuptakeinacutemyo
cardial infarctionwas studiedin a groupof 24 dogs.Temporary(3 hr) andperma
nent LAO occlusionmodels were used. Animalswfth the temporaryocclusions
showed scintigraphIc visualization of the infarcts and reversal of the normal epi
toendocardial Tc-99m PP1ratio in contrast to those with permanent coronary oc
clusions. The data demonstrate that early (withIn 3 hr) experimental canine myo
cardlal infarctscan be detectedwIthTc-99m PP1if reflowto the area of Infarction
is provided.Delayeddevelopmentof abnormalTc-99m PPIscintigramswith acute
Infarctionis relatedprimarilyto theInitiallackofadequatebloodflowto thedam
agedtiuue, wfthsubsequentdevelopmentofadequatecollateralflowallowingde
livery and uptakeof sufficientamountof the radiopharmaceuticalfor in vivoscm
tigraphicdetectionof the damagedarea(s).
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dogs, and intravenously by leg vein in seven dogs. Group
B (1 1 dogs) had permanent LAD occlusions. Again at
3 hr after occlusion, 3.0 mCi (2.5 mg) Tc-99m PPi were
injected into the proximal LADs (five dogs), or intra
venously (six dogs).

After injection the thoracotomies were closed and
scintigrams were obtained in the anterior, left anterior
oblique, and left lateral projections between 1â€”2hr after
injection. Scintigraphy was done with a 37-tube scm
tillation camera with a 16,000-hole, â€œhighresolutionâ€•
collimator. The camera was set for a 20% window at 140
keV.

Two hours after injection, after the scintigraphic
studies, all dogs were killed by intravenous injections of
large doses of pentobarbital. Postmortem scintigraphic
studies were performed on the whole hearts in the ante
nor projection.

The hearts were divided into multiple transverse slices
and tissue samples were taken to determine levels of
radioactivity and histologic alterations. Samples were
taken from the periphery and center of the area supplied
by the LAD and from normal posterobasal myocardium.
Eachsamplewasdividedintoepicardialand endocardial
halves, weighed, and counted in a well scintillation
counter.

For each sample, Tc-99m activity was expressed as
counts per gram per minute as percent injected dose. An
average, weight-corrected, normal value for each heart
was calculated by averaging the values from the four
samples obtained from the normal left-ventricular
myocardium. Abnormal-to-normal ratios of radioactivity

were calculated for each ischemic sample using the av
erage normal values. Statistical analysis of the data was
performed using the paired t-test or group t-test; dif
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FiG. 1. EffeCtsof blood flow on accumulation of Tc-99m PPI In
acutely Infarcted myocardlum after l.v. Injection. Clear bars rep
resent Tc-99m PPIuptake InanimalswIth fixed LADocclusions for
3 hr;darkbarsrepresentuptakeinanimalsthathadflowrestored.
Whenreflow wasprovidedat 3 hr after occlusion,therewasmarked
increase In tracer uptake by Injuredtissue, whether subepicardlal
or subendocardlal,or whethercentralor peripheralInthe injured
area.With l.v. Pacer Injection,meanTc-99mPPIuptakein damaged
tissue was 40 tImes that In normal myocardium In the reflow
model.
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FIG. 2 Effects of blood flow on Tc-99m PPIuptake In both fixed
occlusIonand reflow modelsafter proximal IntracoronaryInjection
of fracer.Notethat ki reflow model,with IntracoronaryInjectionthere
IsmarkedlyIncreaseduptakeindamagedmyocardlaltissueâ€”as
much as 90 tImes that seen In normal myocardlum.

ferences were considered significant when p < 0.05.

RESULTS

After 3 hr of permanent LAD occlusion, the ischemic
region in the anterior myocardium was demarcated by
pallor, which was particularly striking on the endocardial
side. After 3 hr of LAD occlusion followed by reflow, the
ischemic region typically exhibited changes of congestion
and hemorrhage, which were most prominent in the
subendocardium. Tissue samples were obtained from the
periphery and central regions of the grossly ischemic
zone. After permanent coronary occlusion, ischemic
myocardium typically showed mild histologic changes,
including slight interstitial edema and altered staining
of muscle cells. After temporary LAD occlusion and
release, ischemic myocardium typically showed promi
nent edema, congestion, and hemorrhage, also many
damaged muscle cells with contraction bands. These
changes were usually most extensive in the subendo
cardium.

Figures 1 and 2 demonstrate the effect of coronary
blood flow on Tc-99m PPi uptake in the acutely infarcted
myocardium. Data are presented for subepicardial and
subendocardial tissue in the peripheral and central

portions of the ischemic zone. Figure 1 shows the effects
after i.v. tracer injection. When reflow was provided at
3 hr after occlusion, there was a marked increase in
Tc-99m PP1uptake in the injured tissue in all regions of
the infarcts. Uptake in the injured tissue with reflow was
40 times that in normal myocardium, whereas with
permanent occlusion the increase was only 2â€”4times
normal. Figure 2 demonstrates the effects of coronary
flow in animals in which the tracer was injected by
catheter into the proximal LAD, either with fixed oc
clusion or I 5 mm after release of a 3-hr occlusion. With
intracoronary injection, the difference in Tc-99m PPi
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FIG.3. Indogswith fixed LADocclusions,Injectionsite madelittle
difference In uptakeof Tc-99m PPiin peripheral Infarct zone,or In
subendocardlumof centralzones.However,therewasslIghtlyIn
creased uptake in subepicardlalportion of central zones.

FIG. 4. Whenreflowwas provided,intracoronaryinjectionledto
InoreasedTc-99mPf'I uptakein bothperipheralandcentralportions
of the Infarcts,to abouttwicethatobservedwithI. v. Injection.
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FiG. L Effects of sIte of Injection on bone uptake of Tc-99m PPI,
which showedlittle dIfference between fixed occlusion andreflow
if injection was Intravenous. With intracoronary Injection, however,
there was signIfIcant decrease In bone uptake In animals with
temporarycoronaryocclusionsandreflow. This may be due In part
to a highfIrst-passextractionof tracerby Infarctedmyocardlum,
thereby decreasIngthe amountavailable for uptake elsewhere.

decrease in activity in the animals with temporary oc
clusion compared with those with permanent occlusions
(p < 0.05).

The scintigraphic findings reflected the tissue distri
butions, as demonstrated by Fig. 6. Dogs with permanent
LAD occlusions for 3 hr showed no visualization of the
infarcts, as shown in the top row of scintigrams. Animals
that had reflow after temporary LAD occlusions had
abnormal scintigrams with both i.v. and intracoronary
injections.

Reflow -IC

FIG.6. Scintigraphlcfindings(projectionsas Indicated)reflecttissue
distributionsshown In previous figures. Inanimals with permanent
3-lwcoronaryocclusIonsthere was no visualizationof infarcts with
either I.v.or IntracoronaryInjection(toprow).MIddlerow showsvery
positive sclntlgrams in a dog with reflow after 3-hr LAD occlusIon
and I.v. InjectIon.Bottom row Illustratesreflow after 3-hr LAD oc
cluslon and Intracoronary Injection of Tc-99m PPI. Note markedly
Increaseduptake in Infarcted myocardlum.

uptake in the injured tissue was even greater between
fixed occlusion and temporary occlusion, with uptake in
the injured tissue with reflow 80 to 90 times that seen in
normal myocardium. Reflow markedly increased Tc
99m PPi uptake in both groups of animals.

The effect of site of injection of Tc-99m PPi on uptake
in acutely infarcted myocardium is demonstrated in Figs.
3 and 4. Figure 3 demonstrates that, in animals with
fixedcoronaryocclusions,the siteof injectionmadelittle
difference in Tc-99m PPi uptake in the peripheral zone
of the ischemic area or in the subendocardium of the
central ischemic zone. However, there was a slightly
increased uptake in the subepicardial portion of the
central infarct zone in these animals. Figure 4 demon
strates that when reflow was provided, the intracoronary

injection led to increased uptake that was approximately
twice that seen after i.v. injection, in both the peripheral
and central portions of the infarcts.

The effect of site of injection on bone uptake of Tc
99m PP1 is shown in Fig. 5. With i. v. injection, the bone
uptake showed little difference between permanent oc

clusion and temporary coronary occlusion with reflow,
but with intracoronary injection there was a significant
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detrimental effects of an intervention on myocardial
injury.

In summary, early experimental canine myocardial
infarcts may be detected with Tc-99m PPi if reflow to
the infarct is provided within 3 hr of onset. Animals with
temporary LAD occlusions show a reversal of the epi/
endocardial Tc-99m PPi uptake, as compared with those
having permanent LAD occlusions. This suggests that
if some reflow is provided, the scintigraphic sensitivity
for subendocardial infarct detection could be improved.
The delayed development of an abnormal Tc-99m PPi
scintigram after acute myocardial infarctions is related
most likely to lack of adequate coronary blood flow to
the damaged region initially, rather than to progression
of cellular alterations that require more time to develop.
Increased sensitivity of Tc-99m PPi scintigraphy for the
diagnosis of acute myocardial infarction in the imme
diate postinfarct period might be provided if an increase
in coronary blood flow to the injured myocardium oc
cursâ€”such as might be expected with resolution of
coronary artery spasm, with dislocation of coronary
thrombi, or with coronary artery revascularization.
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DISCUSSION

We have previously shown that the development of
abnormal Tc-99m PPi scintigrams in patients and cx
perimental animals with acute myocardial infarcts de
pends upon uptake of the radiopharmaceuticals in ne
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When reflow is provided in the early postocclusion
period, marked increase in Tc-99m PPi uptake occurs
in the infarcted tissueâ€”40 to 90 times that seen in nor

mal myocardium. Experimental animals with temporary
LAD occlusion followed by reflow showed a reversal of
the epicardial/endocardial Tc-99m ratio as compared
with that occurring under permanent LAD occlusion.
In the reflow model, increased Tc-99m uptake in the
subendocardium as compared with subepicardium, in
areas of severe injury, reflects improved blood flow and
delivery of the tracer to the subendocardium. This should
lead to better detection of subendocardial infarction
when reflow is provided. In vivo scintigraphic images
were markedly positive in the reflow model, regardless
of thesiteof tracerinjection.

When intracoronary injections were made, the in
creased scintigraphic infarct uptake ofTc-99m PPi is due
mainly to increased extraction into the abnormal tissue
secondary to higher plasma concentration, but also is due
in part to the decreased bone activity. This improves the
scintigraphic target-to-background ratio.

Coronary reperfusion and intracoronary injection
should provide maximum uptake in acute myocardial
infarcts of any radiopharmaceutical designed to identify
acute myocardial necrosis. The type ofcoronary occlu
sion (temporary or permanent) and site of injection
should be considered whÃ§ncomparing reports on new
radiopharmaceuticals to identify acute myocardial in
farcts. If pharmacorogic interventions could produce
increased coronary blood flow to the injured tissue during
the postinfarct period, this study suggests this would lead
to improved uptake of Tc-99m PPi and improved scm
tigraphic visualization. This could result in increased
scintigraphic sensitivity and possibly allow an earlier
scintigraphic diagnosis of myocardial infarction. These
effects also should be considered if infarct-avid scintig

raphy is used to evaluate the potential beneficial or
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