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CONCLUSION
Metabolic abnormalities in stunned myocardium are sus

tained despite recovery from functional impairment; recovery
from these abnormalities requires considerable time. The time
course of the electrocardiographic recovery of deep negative T
waves appeared to be related to the recovery of impaired energy
metabolism in stunned myocardium in this patient.
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Acute Myocardial Infarction Followed by
Technetium-99m-Sestamibi SPECT Imaging and
Pathologic Correlation
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A 79-yr-old man received thrombolytic therapy for acute myocardial
infarction after injection with 99mTc-sestamibi and died shortly

thereafter. Postmortem in situ SPECT imaging of the heart was
performed. The heart was then removed and sectioned into short-
axis slices, which were placed directly on the SPECT camera face
for imaging, and examined by routine gross and microscopic patho
logic methods. Pathologic findings were consistent with a small
acute inferoseptal myocardial infarction, as demonstrated on both
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SPECT imaging of the intact heart and imaging of the heart slices.
This case report provides further evidence of the validity of SPECT
sestamibi imaging for the determination of myocardium at risk
during acute myocardial infarction.
Key Words: myocardial infarction; technetium-99m-sestamibi;
thrombolytic therapy; SPECT
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J.he amount of myocardial salvage after acute infarction is a
useful endpoint in the assessment of cardiovascular therapies
(/). The assessment of myocardial salvage requires an accurate
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determination of the myocardium at risk at the time of patient
presentation and the final infarcÃ¬size (myocardial salvage =
myocardium at risk - infarcÃ¬size). Using 99mTc-sestamibi

SPECT imaging techniques, studies in animal models have
validated the quantitative assessment of both myocardium at
risk and infarcÃ¬size (2-J).The measurement of infarcÃ¬size in

palients is closely associated with Ihe amounl of fibrosis in
human hearts explanled al the lime of cardiac Iransplantation
(4). However, the myocardium al risk, expressed as a percenl-
age of Ihe left venlricular myocardium before Ihe inilialion of
iherapy, has noi been validaled in humans. We report a patient
who received thrombolytic Iherapy for acute myocardial infarc
tion shortly after injection wilh 99mTc-seslamibi and died,

allowing a correlalion of Ihe myocardium at risk by both
perfusion imaging and pathologic specimen.

CASE REPORT
A 79-yr-old man had a 5-yr history of infrequent bouls of

exertional chesl heaviness Irealed wilh sublingual nilroglycerin.
Two monlhs before hospilal admission, he noled more frequenl
episodes of Ihe same discomfort which occurred after walking
Iwo blocks. The symptoms were now more severe and required
Iwo sublingual nilroglycerin for complele relief.

On Ihe morning of his hospilal admission, he awoke al
6:30 am wilh severe chesl discomfort radialing into bolh arms
which was noi relieved by five sublingual nilroglycerins. Two
hours laler, Ihe pain persisled and he was laken to Ihe hospilal
emergency room 2.5 hr following Ihe onsel of his chesl pain.
The physical examinalion was notable for a blood pressure of
110/60 mm Hg and an irregular pulse of 112 bpm. His jugular
venous pressure was elevaled lo 12 cm of H20. There was a 2/6
systolic ejection murmur at the left venlricular apex; no gallop
was presenl. An electrocardiogram revealed atrial fibrillalion
and an acute inferior myocardial infarction with 2 mm of ST
elevation in leads III and AVF, as well as 3 mm of ST
depression in leads I, AVL, V2-V6. There were Q waves in
leads VI and V2. The crealinine kinase was 79 ng/ml.

The palienl was diagnosed wilh an acule inferior myocardial
infarclion. as well as a possibly old anleroseplal myocardial
infarclion. He gave informed consenl lo particÃpalein a research
sludy of 99mTc-seslamibi in myocardial infarclion. He was
injecled with 30 mCi 99mTc-seslamibi inlravenously. His pain

was relieved with four sublingual nilroglycerins. In addilion, he
received O2 2 lilers by nasal cannula, intravenous heparin (5000
U bolus followed by 1000 U/hr), meloprolol (5 mg intravenous
bolus and 75 mg orally), a nitroglycerin drip (0.4 mg/kg
inlravenously) and lidocaine (75 mg bolus Ihen 2 mg/min
intravenous drip). Tissue plasminogen aclivator was adminis-
lered ( 15 mg inlravenous bolus, 50 mg over 30 min and 35 mg
over the remaining 60 min) beginning 3.5 hr following Ihe onsel
of his pain. The patient remained pain free and was admitted to
the cardiac intensive care unit.

Three hours later, the patienl was Iransferred to Ihe nuclear
cardiology laboratory for SPECT imaging. During imaging he
became diaphoretic and bradycardic. Resuscitalion efforts were
initialed wilh epinephrine, dopamine and alropine. The palienl
was intubaled and exlernally paced. Plans were being made for
emergenl cardiac calhelerizalion when Ihe palienl developed
eleclrical-mechanical dissocialion. He died enroute lo Ihe cath-
eterization laboratory 6 hr following his admission to Ihe
hospital.

The patient's family gave permission for a postmortem

examinalion, including in silu imaging of Ihe heart. The cadaver
was then moved lo Ihe nuclear cardiology laboratory where
SPECT imaging was performed 10 hr after isotope injeclion.

Images were acquired using a rolating gamma camera wilh an
all-purpose collimator. Thirty images were acquired for 40 sec
each al every 6Â°Ihroughoul a 180Â°arc beginning 45Â°left
anterior oblique (5-6). Processing and reconstruclion were

performed using standard backprojeclion algorilhms and a
Ramp-Hanning filler. Reconslruction was hampered by a min
imal venlricular cavity, due to poslmortem conlraclion (7).
Circumferenlial counl profiles were generaled for five repre-
senlative short-axis slices of Ihe left ventricle extending from
apex to base. The myocardium at risk was quantified using
previously described methods and a threshold value of 60% of
peak counls. The limil for deteclion of infarclion by this
lechnique has been shown to be 3% of Ihe left venlricle (5-6).

There was a severe perfusion defeci involving Ihe inferosep-
tal wall at the base and midventricle which measured 5% of Ihe
left venlricle. While mild-lo-moderate perfusion defects were
apparent at Ihe apical laleral wall and region of the anterolateral
papillary muscle, they did not reach the threshold for quantila-
lion. Represenlalive tomographic images are displayed in Fig
ure 1.

The cadaver was relumed to the autopsy room. The heart was
then removed and sectioned into short axis slides approximalely
1 cm Ihick. The fresh heart slices were laken to the nuclear
cardiology laboratory and placed directly on Ihe SPECT camera
surface for imaging. Counl acquisilion was performed over a
6-hr period. Represenlative tomographic images are displayed

in Figure 1.

Pathologic Description
After complelion of Ihe imaging, Ihe venlricular slices were

fixed in formalin and examined by rouline gross and micro
scopic methods (8). As described for tomographic imaging, Ihe
size of Ihe left venlricle resembled lhal of end systole. On gross
inspeclion, a small old Iransmural myocardial infarclion was
idenlified in ihe apical laleral wall of Ihe left venlricle. A receÃ±Ã
infarcÃ¬,microscopically 10-16 days old, involved ihe anlero-

laleral papillary muscle of ihe milral valve.
More importanlly, an area of acule infarclion was idenlified

along Ihe inferoseplal wall of Ihe left venlricular cavily al ihe
midvenlricular and basal levels. Il was primarily a subendocar-
dial process in Ihe inferior wall and a Iransmural process in Ihe
seplum. In addilion, ihere was subendocardial extension into Ihe
inferobasal wall of ihe righi venlricle. Represenlalive palho-
logic slices are displayed in Figure 1. Microscopically, the
process appeared to be 12-24 hr old and was focally associated
with inlerslitial hemorrhage, suggesling reperfusion. The pa-
ihology findings described for ihis acule evenl were consislenl
wilh Ihe quanlilalive defecl idenlified by nuclear imaging.
Gross palhology inspeclion also revealed critical four vessel
atherosclerosis, however, a site of plaque rupture or thrombus
formation could not be identified.

DISCUSSION
After an acute infarction, the extent of myocardial necrosis is

determined by Ihe duralion of coronary occlusion, collaleral
flow, and mosl importanlly, Ihe myocardium al risk (9). By the
determination of the myocardium al risk, myocardial salvage
and infarcÃ¬size SPECT sestamibi imaging has proven to be a
valuable measuremenl tool in Ihe assessmenl of Iherapeulics for
acule myocardial infarclion.

SPECT seslamibi measurements of infarcÃ¬size have signifi
carli associalions wilh overall patient mortality (p = 0.009), and
cardiac mortality (p < 0.001) after discharge (//). InfarcÃ¬size
using Ihis quantitalive lechnique has been validated againsl
palhological fibrosis in bolh animal models and humans using
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FIGURE 1. (A) Base, mid and apical slices of the left ventricle along with the myocardial infarctions and pathologic ages identified at autopsy. (B) Gross
pathology specimens. Old infarction appears as white scar tissue while new infarction is most easily identified as hemorrhagic tissue. Note the total amount
of myocardium involved by infarction is actually quite small. (C) After removal from the cadaver, the heart was sectioned into short-axis slides approximately

1 cm thick, and the slices were directly imaged on the camera surface. The image defects correlate with the identified infarctions found on the pathologic
specimen. (D) SPECT images of the heart obtained postmortem. Total myocardium at risk was quantified at 5% of the left ventricle. Note that the heart
remains at end systole after the patient's death which limits SPECT image quality.

explanted hearts (2-4). Although animal models have validated

the measurement of myocardium at risk by this technique
against angiographie measurements of risk area, similar mea
surements are not feasible in humans.

The myocardium at risk was first evaluated in the animal
laboratory by Reimer et al. (10). In a model of circumflex
occlusion, the myocardium at risk was highly variable and was
the single most important determinant of infarcÃ¬size. Subse
quently, Feiring et al. (12) injected intracoronary radiolabeled
macroaggregated albumin into the infarct-related artery before
intracoronary thrombolysis in patients presenting with acute
myocardial infarction. The myocardium at risk was variable
between patients with the same infarct-related artery, similar to
animal models. Despite the variability, there remained a signif
icant association between myocardium at risk and early cardiac
mortality (p < 0.001). In a subsequent study, Miller et al. (//)
showed that myocardium at risk was also associated with 2-yr
outcome (p = 0.009). Therefore, while this index has been
defined in animal models and its clinical utility has been
confirmed in patients, no reports have appeared which compare
the measurement of the myocardium at risk in a human with
pathologic correlation.

The patient described in this report presented with an acute
myocardial infarction, was injected with 99mTc-sestamibi and

died shortly after receiving thrombolytic therapy. Postmortem
quantitative SPECT imaging was performed with the heart in
situ to determine myocardium at risk. Pathological examination
delineated the involved territory by acute ischemie changes.
The SPECT imaging identified a clinically silent old apical
lateral and anterolateral papillary muscle infarction which did

not meet quantitative criteria, as well as a new inferoseptal
infarction which measured 5% of the left ventricle. While no
intracoronary thrombus was identified at autopsy, the patient
had received thrombolytic therapy, and thrombus that was
present at clinical presentation may have dissipated with ther
apy. This hypothesis was also supported by the pathology
findings suggestive of successful reperfusion, despite the pa
tient's death.

CONCLUSION
This case report provides further evidence of the validity of

SPECT sestamibi imaging for the determination of myocardium
at risk. Studies previously described and presently underway
have begun to use the determination of myocardial salvage and
infarcÃ¬size for the evaluation of new therapeutic drugs and
strategies. These techniques permit small pilot studies of new
therapies without the enormous expense of mega-trials (J3).
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Technetium-99m MIBI to Assess Coronary
Collateral Flow During Acute Myocardial Infarction
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Collateral flow Is an independent determinant of infarcÃ¬size in both
animal and clinical studies of myocardial infarction. The purpose of
this study was to quantitatively evaluate, in a closed-chest animal
model, a noninvasive method of measuring coronary collateral flow
over a wide spectrum of collateral flow rates from a tracer that can
be injected during occlusion but measured after reperfusion.
Methods: Fourteen animals underwent 40 min of coronary occlu
sion using a closed-chest technique. Two closed-chest models
representing different rates of collateral flow were used: canine and
porcine. Coronary blood flow was measured by radiolabeled micro-
spheres. Collateral blood within the risk zone was estimated from
the severity of 99mTc-sestamibi tomographic perfusion defect.

Results: Collateral blood flow was significantlyhigher in the canine
model than it was in the porcine model. There was close agreement
(r = 0.90) between absolute collateral flow by microspheres and the
severity of the tomographic perfusion defect. Conclusion: These
results suggest that an accurate noninvasive estimate of collateral
blood flow can be provided by an intravenous injection of 99nTc-

sestamibi.

Key Words: collateral circulation; radionuclide imaging; coronary
blood flow
J NucÃMed 1997; 38:1840-1846

\_xollateral flow to jeopardized myocardium is an important
determinant of outcome during acute myocardial infarction.
Animal studies of reperfusion have established the magnitude
of collateral flow as one of the four independent determinants of
infarcÃ¬size (in addition to the extent of the risk area, metabolic
demand and duration of occlusion) (1,2) and as the primary
factor in extending the window of time for which late coronary
reperfusion can be of benefit (2). The importance of collateral
flow as a determinant of infarcÃ¬size has been confirmed in
clinical studies (3-5). However, assessment of collateral flow in
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patients during acute myocardial infarction is still a problem.
Angiographie assessment of collaterals is strongly associated
with subsequent outcome during myocardial infarction but is
not always available or feasible before thrombolytic therapy
(3-6). Invasive contrast echocardiography has been used in the

weeks after infarction to assess collateral flow but has not been
used clinically with an intravenous injection during acute
myocardial infarction (7).

In a previous clinical study, we described the use of the
severity of the perfusion defect by tomographic perfusion
imaging after the intravenous injection with WmTc-sestamibi to

assess collateral flow during the acute stages of myocardial
infarction (4). This measurement was strongly associated with
the presence of angiographie collaterals before reperfusion
therapy and was a significant determinant of final infarcÃ¬size,
which was independent of myocardium at risk and time lo
reperfusion. The purpose of this sludy was lo valÃdale a
noninvasive lomographic imaging method for the assessment of
collaleral flow, which can be initialed during coronary artery
occlusion bul acquired after reperfusion by comparing ils
performance lo true myocardial blood flow during occlusion,
determined by radiolabeled microspheres in closed-chest ani
mal models. This replicates the clinical situation for which this
technique has been used (4). To test this measure over a range
of collateral flows, two models were used: a canine model, in
which native collateral flow is expected to be high; and a
porcine model, in which native collateral flow is expected lo be
low.

MATERIALS AND METHODS

Experimental Preparation Methods
Two models were used in this sludy. Seven mongrel dogs

(weight 27 Â±2 kg; range 24 kg-29 kg) and eighl pigs (weighl 38 Â±
5 kg; range 32 kg-45 kg) underwent general anesthesia with
intravenous pentobarbitol, fentanyl and droperidol (dogs) or ket-
amine and fentanyl (pigs), for Ihe canine and porcine models,
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