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Progress in Nuclear Cardiology:
New imaging beyond perfusion and function

Nagara Tamaki

The rapid development of nuclear medicine instruments and the
widespread availability of new radiopharmaceutical agents has
created a new era of nuclear cardiology. This review will introduce
new techniques beyond perfusion and function that have recently
become available in Japan.

Tc-99m perfusion imaging agents provide excellent myocardial
perfusion images that may enhance diagnostic accuracy in the study
of coronary artery disease. In addition, greater photon flux from the
tracer permits simultaneous assessment of regional perfusion and
function with the use of first-pass angiography or ECG-gated acqui-
sition. In addition, Tc-99m perfusion agents are available for acute
patients in emergency departments. When the tracer is administrated
at both the acute and subacute phases of myocardial infarction,
perfusion SPECT imaging permits accurate estimates of areas at risk
and salvaged myocardium.

Nuclear cardiology has progressed toward biochemical imaging
in vivo. Positron emission tomography (PET)enables metabolic
assessment in vivo. Preserved FDG uptake indicates ischemic but
viable myocardium that is likely to improve regional dysfunction after
revascularization. While FDG-PET is available only in a limited
number of facilities, FDG-SPECT using ultrahigh energy collima-
tors and branched fatty acid analog I-123 BMIPP SPECT offer
potential for metabolic imaging in routine clinical settings. Less uptake
of BMIPP than thallium is often observed in the ischemic myocar-
dium and hypertrophic cardiomyopathy. Such a perfusion-metabolic
mismatch as that in FDG-PET seems to be similarly observed in BMIPP
SPECT. Severe ischemia is identified as reduced BMIPP uptake at
rest despite normal or normalized perfusion, suggesting a significant
role of BMIPP in ischemic memory imaging. [-123 MIBG uptake
in the myocardium reflects adrenergic neuronal function in vivo. In
the study of coronary artery disease, neuronal denervation is often
observed around the infarcted myocardium and post-ischemic region
as well. More importantly, reduced MIBG uptake in these patients
can assess the severity of congestive heart failure. In addition, the
improvement in MIEG can be seen in relation to improved patient
condition following medical treatment.

These new techniques will provide insights into new pathological
states in ischemic heart disease and a variety of myocardial disor-
ders. Nuclear cardiology plays an important role in selecting opti-
mal treatments for these patients.
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Table 1 Major radiotracers for nuclear cardiology
(# for positron emission tomography)
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Fig. 1 A serigs of short-axis images at end-diastolic (top)and end-

systolic (bottom}phases obtained by ECG-gated myoccardial per-
fusion SPECT in a patient with inferior myocardial infarction. Pre-
served LY function is noted despite a perfusion defect in the in-
ferior wall
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Fig. 2 A final resull of the guantitative-gated SPECT (QGS]software of a patient with ante-
rior myocardial infarction. End-diastolic and end-systolic images (leftland various functional
maps (middle)with functional parameters (right}can be obtained with this software.
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Fig. 3 SPECT images on admission (left), at one week (middle), and at four weeks
(right)of a patient with acute anterior myocardial infarction who received success-
ful revascularization. Significant improvement in perfusion is noted in the anterior wall.
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Fig. 4 Schematic presentation of myo-
cardial energy metabolism with positron
Case 1 Case 2 radiotracers to probe energy metabolism.

Fig. 5 '*N-ammonia perfusion images (top)and *FDG glu-
cose utilization images (bottom) of two cases of anterior wall
myocardial infarction. Ischemic myocardium with increased
FDG uptake relative to perfusion is noted in Case 1, whereas
infarcted myocardiurn with a concordant decrease in both per-
fusion and metabolism is suggested in Case 2.
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Fig. 6 MIBI-SPECT perfusion images (top)
and FDG-SPECT images (bottom) obtained
with ultrahigh energy collimators.
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Fig. 7 Two representative short-axis thallium (top)and BMIPP (bottom)
images of a case with hypertrophic cardiomyopathy. Heterogenous perfu-
sion with a decrease in BMIPP uptake is noted in the septal region.

tetrofosmin BMIPP

A mA

sal BA :
acute subacute subacute
phase phase phase

Fig. 8 SPECT images of tetrcfosmin perfusion at the acute (left)and subacute (middle)
phases, and BMIPP SPECT images at the subacute phase (right)of a patient with acute
anterior wall myocardial infarction. Although significant improvement in perfusion is seen
in the apical region, reduced BMIPP uptake is noted in the same area, probably due to
persistent metabolic abnormality after recovery of perfusion.
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Tl stress

(V]

Tl delay reinjection

Fig. 9 A series of short-axis SPECT images of
stress thallium perfusion (top), delayed reinjec-
tion (middle), and MIBG (bottorn). Reduced MIBG
uptake is noted in the areza of stress-induced is-
chemia, suggesting ischemic and denervated myo-
cardium in the anterior and septal regions.

Normal Congestive heart failure
MIBG (4 hrs)
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Fig. 10 Anterior planar images at 4 hours after MIBG administra-
tion in a normal subject (left)and a patient with congestive heart failure
(right). Note a decrease in MIBG uptake in the patient's myocar-
dium.
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