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Resting [123I]MIBGand 201TIimaging were performed at 2 wk and 4

and 12 mo after successfully reperfused myocardial infarction.
Although [123I]MIBG uptake of the infarcted segments revealed

significant improvement in the early image at 4 mo, delayed image
displayed decreased [123I]MIBG uptake. However, decreased
[123I]MIBGuptake of the delayed image became almost uniform at

12 mo. These observations suggest that reinnervation initially oc
curs in norepinephrine uptake and then in retention ability. On the
other hand, a 201TIdefect remained in the infarcted segments at 12
mo. Thus, reinnervation can occur not only in the peri-infarct area
but also in the infarcted area.
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IVlyocardial infarction produces sympathetic denervation as
well as perfusion abnormalities in the infarcted and peri-
infarcted myocardium (1-4}. However, little is known about the

serial changes of these damages after myocardial infarction.
Iodine-123-metaiodobenzylguanidine (MIBG) is an analog of
norepinephrine and guanethidine and shares the same uptake
mechanism as norepinephrine at the sympathetic nerve termi
nals (5). We report on a patient with acute myocardial infarction
who demonstrated significant improvement in [123I]MIBG up

take not only in the peri-infarcted area but also in the infarcted
area.

CASE REPORT
A 71-yr-old woman (height: 154 cm, weight: 57 kg) suffering

from acute myocardial infarction was admitted to our hospital. The
patient had no history of previous myocardial infarction. She had
several episodes of chest pain in the 24 hr before the onset of
myocardial infarction. The patient underwent coronary angiogra-
phy on admission, which revealed 100% stenosis of the luminal
diameter in the left anterior descending artery. Direct percutaneous
transluminal coronary angioplasty was performed successfully,
showing less than 25% stenosis of the luminal diameter (Fig. 1).
Reperfused time was 6 hr from the onset of myocardial infarction.
The collateral flow was graded as 3 (6). The peak serum creatine
kinase concentration was 1694 mg/dl and electrocardiogram
showed Q waves in the VI-V4 leads. However, an increase of the
R wave in VI-V4 leads was observed at 12 mo. Biplane left
ventricular cineangiography was performed on admission and at 12
mo after the onset of myocardial infarction. As illustrated in Figure
2, left ventricular asynergy showed improvement (akinesis to
normal) in the anterior and septal walls at 12 mo. Coronary
angiogram at 12 mo showed less than 25% stenosis of the luminal
diameter in the left anterior descending artery.

Acute Phase

After Direct PICA
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FIGURE 1. Coronary angiography before (upper panel) and after percutane
ous transluminal angioplasty (lower panel).

Resting Iodine-123-MIBG and Thallium-201 Scintigraphy
Resting [I23I]MIBG and 2<)lTlimaging were performed at 2 wk

and 4 and 12 mo after the onset of myocardial infarction. Each
tracer was imaged on a different day and within 2 wk. At rest, 111
MBq [1231]MIBG or 20IT1 were injected intravenously, and the

patient was imaged with a rotating gamma camera at 15 min and 4
hr postinjection for [123I]MIBG and 10 min and 4 hr for 201T1.
Forty-five projections were obtained over a semicircular 180Â°arc
extending from the 30Â°right anterior oblique to the 60Â°left

posterior oblique projections. The studies were imaged for 20
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Acute Phase 1 2months

FIGURE 2. Left ventriculography before direct percutaneous transluminal angioplasty (left)and 12 mo postinfarction (right).

sec/projection using a 64 X 64 matrix. A large field of view
scintillation camera was used, which was equipped with a low-
energy, high-resolution, parallel-hole collimator for 20IT1 and a

low-energy, general-purpose, parallel-hole collimator for
[I23I]MIBG. For the 2Â°'Tlstudy, a 30% energy window centered on

the 80-keV peak was used, whereas a 20% energy window centered
on the 159-keV peak was used for [123I]MIBG study. A Butter-

worth filter (order 5, cutoff frequency 0.15) was used for filtered
backprojection. Sagittal and oblique tomograms parallel to the
long- and short- axis of the left ventricle were extracted from the
filtered transaxial tomograms by performing a coordinate transfor
mation with an appropriate interpolation. No attenuation or scatter
correction was used. The imaging procedure was performed by a
chief engineer in our laboratory, and selection of tomographic
sections were judged by three well-trained radiologists.

SPECT (Fig. 3)
Two weeks after the onset of myocardial infarction, early 201T1

image showed decreased activity in the anterior and septal walls
with reverse redistribution on the delayed image. Early [123I]MIBG

image showed decreased activity in the anterior, septal and inferior
walls, which were larger than the 201T1defects. Furthermore,
delayed [I23I]M1BG image showed further decrease in the activity

of the lateral wall compared to the early image.
At 4 mo postinfarction, mild improvement in the anterior and

septal wall defects was observed on the early 201T1image, and

reverse redistribution changed to redistribution. The defect area of
the early [123I]MIBG image became significantly smaller com
pared to the 2Â°'T1defect. However, the delayed image showed
decreased [123I]MIBG activity in the anterior and septal walls.

At 12 mo postinfarction, the 201T1image showed no further

improvement in the defect area compared with the 4-mo image. On
the other hand, [I231]MIBG uptake in the anterior and septal walls
on the early and delayed [I23I]MIBG images became almost

uniform.

DISCUSSION
Although 201T1 defects persisted 12 mo postinfarction,

[123I]MIBG uptake in the anterior and septal walls became

almost uniform. Because the non-neuronal uptake mechanism is
not significant in human myocardium, the improvement ob
served on the [123I]MIBG is considered to be due to the

improved neuronal uptake mechanism (7-8). Furthermore, the
fact that [I23I]MIBG uptake in the infarcted area improved on

the early image before the delayed image (at 4 mo) indicates
norepinephrine uptake of the sympathetic nerve terminals can
recover before their retention ability.

There is no sympathetic ganglia in the heart, and sympathetic

FIGURE 3. Serial changes of short-axis slices of [123I]MIBG(left) and 201TI

(right) images from 2 wk to 12 mo postinfarction.
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fibers run under the epicardium side of the left ventricular
myocardium from base to apex (2), which indicate that a
subendocardial myocardial infarction that spared the epicar
dium do not interrupt the sympathetic transmission (9). Rein-
nervation is reported to occur in the peri-infarcted area after
transmural myocardial infarction in experimental animal studies
and in humans (1-4), but there is no report of a reinnervation

phenomenon in the infarcted area. The denervation results from
interruption of normal neural transmission in postganglionic
sympathetic nerve coursing through the area of infarction.
However, our patient had good collateral vessels, and success
ful direct percutaneous transluminal coronary angioplasty was
achieved in the early hours of myocardial infarction, which
resulted in a relatively small 201T1defect size. Left ventricular

asynergy of the anterior and septal walls improved, and the
electrocardiogram showed increase of R waves in the VI-V4
leads at 12 mo, which suggests the presence of viable myocar
dium in the infarcted area. Moreover, coronary angiography at
12 mo showed a patent left anterior descending artery. There
fore, one of the causes of reinnervation in our patient was a brief
length of sympathetic fiber interruption.

Zipes et al. (2) found that preconditioning ischemia preserves
the efferent sympathetic response during the first hour of
subsequent sustained ischemia. In addition to early reperfusion,
repeated episodes of ischemia before the onset of myocardial
infarction in our patient could have protected the adrenergic
nerve to be more resistant to ischemia. Therefore, initial
damage of [123I]MIBG uptake after myocardial infarction might

have been due to the functional derangements of nerve action
rather than the structural damage.

There is less attenuation of 159 keV (123I) compared to 80
keV (201T1). Therefore, some of the difference between
[123I]MIBG and 201T1defects at 12 mo may be explained by

differential attenuation. However, because Tl defects were in
the midportion of the anterior and septal walls, in addition to the
patient's small size, indicate that attenuation effects were not

significant.

CONCLUSION
Reinnervation can occur not only in the peri-infarcted area

but also in the infarcted area.
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Although [1-11C]acetate has been validated as a PET tracer for

myocardial oxygen consumption (MVCy in animals and humans,
mono- and biexponential fitting of the tissue time-activity curve
yields only estimates of MVO2. This study attempts to develop and
validate a simple tracer kinetic model in vivo for estimation of
regional MVO2. Methods: Twenty-seven experiments were per
formed in 12 anesthetized dogs with [1-11C]acetate and serial PET

images under different MBF and MVO2 (baseline, ischemia, xylazine,
dobutamine and dipyridamole). Estimates of MVO2 were obtained
from dynamic [1-11C]acetate PET and model fitting. MBF was

measured by radiolabeled microspheres, and MVO2 was calculated
by the Pick method using arterial and coronary blood samples.
Results: The proposed model fitted equally well for all study
conditions with a multiple correlation coefficient of 0.985 Â±0.026.
Estimated MVO2 correlated linearly with measured MVO2 (y = 0.033
+ 0.690X, r = 0.92, s.e. of estimates = 0.020). Conclusion: This
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study indicates that MVO2 can be assessed with PET and
[1-11CJacetate over a wide range with a simple tracer kinetic model.
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\_xarbon-ll-acetate has been extensively validated as a PET
tracer for the noninvasive assessment of regional myocardial
oxidative metabolism (1-5). It has been shown that myocardial

oxygen consumption (MVO2) can be estimated by either
monoexponential fitting of the linear portion or by biexponen
tial fitting of the entire clearance curve of [l-"C]acetate

clearance (2). Although simple, this approach has several
potential limitations: (a) only an index of oxidative metabolism,
rather than the absolute substrate flux, can be obtained; (b) the
distribution of the arterial input function, spillover from myo
cardium to bloodpool and recirculation of labeled acetate are
not taken into account (6,7); and (c) estimates are affected by
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