
been interpreted based on findings in experimental prep
arations. Nonneuronal localization of MIBG has been
assumed to occur in human myocardium, however, no
studies have been done in humans to test this hypothesis.
To further characterize the behavior of MIBO in the
myocardium, we examined the early and late distribution
ofMIBG in normal and globally denervated human hearts
and compared the results to the findings in normal and
globally denervated canine hearts.

METhODS
Preparation of MIBG

Unlabeled MIBO was obtained from the University of Michi
gan (D. Wieland) and radioiodinated by solid-phase ammonium
sulfate exchange as previously described(5).

Dog Studies
Study Population. Studies were performed on 15 conditioned

adult mongrel dogs that weighed 8â€”20kg. Six dogs underwent
imagingwith â€˜331-MIBGduring the baselinestate. Two of these
six dogs, and an additional nine dogs were imaged 1 wk afterthe
administration of 6 hydroxydopamine. Seven of these nine dogs
were reimaged after receiving chronic immunosuppression for 1
wk following the initial post-6-hydroxydopamine study (see be
low). Six-hydroxydopamine causes a chemical sympathectomy
(11).

Imaging ProtocoL The animals were anesthetized with pento
barbital, intubated, and ventilated with a Harvard respirator.
Four to six millicuries(I50â€”225MBq) of [â€˜231]MIBGwere in
jected intravenously,followedby the acquisitionof 5-mmplanar
imagesin the anterior, 40Â°and 70 left anterior oblique projec
tions obtained 5 mm after injection. A Siemens LEM portable
gamma camera, fitted with a 200 slant-hole collimator and inter
faced to an IBM PC-XT based portable computer acquisition
system (Harpootlian Associates, Los Altos, CA) was used. The
energy window was set at the 159 keV photopeak of 1231.Three
hours after injection of MIBG, the planar images were repeated.

Following imaging at baseline, four animals were killed with
an injection of saturated potassium chloride, and the hearts were
rapidly excised,biopsiedand analyzed for norepinephrinecon
tent. The remaining 11 animals were treated with 6-hydroxydo
pamine (see below).

Hydroxydopamine Treatment. The dogs were treated accord

To further charactetize the behavior of metaiodobenzylgua
nidine(MIBG)in the myocardiumand to test the hypothesis
that the denervated heart would show normal e&y uptake
on MIBG due to non-neuronal localization, we examined the
earlyand latedistributionof 123ll@@JMIBGin normaland
globally denervated canine and human hearts. Canine hearts
were denervated by intravenous injections of 6-hydroxydo
pamine, while patients were studied a mean of 4.3 mo follow
ing cardiac transplantation. Results in denervated hearts were
compared to normal controls. Normal hearts showed promi
nent MIBGuptakeon initial5-mmand 3-hr delayedimages.
Globallydenervatedcanineheartsshowedprominentuptake
on inItial images and absenceof localizafionon delayed
images,indicatingcompletewashoutof non-neuronallybound
radionuclide.The transplantedhumanheartsshowedno 10-
calizationof MIBGon eithereaily or delayedimages.These
results suggest that the non-neuronaluptake mechanism
(uptake2)isnotsignificantinhumanmyocardium.Thisfinding
has significantim@afions for interpretingthe myocardial
behavior of MIBG In various pathologic situations such as
dilated cardlomyopathy.

J NucI Med 1992; 33:1444-1450

umerous experimental studies have shown that ra
diolabeled norepinephrine is taken up by neuronal and
nonneuronal sites in the heart (1). The rate of efflux of
norepinephrine is more rapid from nonneuronal sites than
from neuronalsites(2). Recentstudieshaveshownthat
radioiodinated metaiodobenzylguanidine (MIBG) is taken
up by myocardial sympathetic nerves, and behaves in a
manner that is qualitatively similar to norepinephrine,
although quantitative differences do exist (3-5). MIBG
uptake has been evaluated in the myocardium of patients
with adrenergic dysfunction (6-10), and the results have
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mediastinal uptake has been used by others to quantitate MIBG
uptake (9).

To definethe regionof the heartin the transplantpatients,
regionsof interest (ROIs)weredrawn looselyaround the blood
pool image of the left ventricle from the initial flow study and
used to define the left ventricle on the 15-mm image, after the
blood pool had cleared.Care was taken to excludelung or liver
from these regions.

ROIswerealsoplacedover the leftlungand the mediastinum.
Counts per pixel were measured for each region (heart, lung,
mediastinum).Heart-to-mediastinumand lung-to-mediastinum
ratios were computed for normals and patients. Values between
normals and patients were compared using an unpaired t-test.

RESULTS

Dog Studies
The early and 3-hr delayed images showed good myo

cardial localization in all dogs studied at baseline (Fig. 1).
The findings were different after treatment with 6-hydrox
ydopamine. While the initial images again showed good
myocardial localization, the delayed images failed to show
any evidence of myocardial localization (Fig. 1). Tissue
norepinephrine content in the normal dogs was 935 Â±248
ng/gm, as opposed to 57 Â±76 ng/gm in dogs treated with
6-hydroxy dopamine (p < 0.01). This decrease in tissue
norepinephnne is consistent with denervation. The image
findings and tissue norepinephrine contents were similar
in denervated dogs that were treated with immunosuppres
sion (Fig. 2). The initial uptake of MIBG was not dimin
ished by immunosuppression. Also, the large degree of
washout between the early and delayed images again oc
curred.

Human Studies
All ofthe normals showed good myocardial localization

of MIBG on the early images (Fig. 3) and on the delayed
images (Fig. 4). None of the transplanted hearts however,

FIGURE 1. Shownare earlyand delayedMIBG imagesin a
dogstudiedat baseline(above)and1 wk after6-hydroxydopa
minetreatment(below).Thereis prominentmyocardiallocaliza
tiononboththeearlyanddelayedimagesat baseline.Thepost
6-hydroxydopamineimagesshowprominentmyocardiallocaliza
tion on the early images, whereas the delayed images show
absenceof myocardiallocalization.

ing to the method of Burkset al. (12). The animalswereinjected
intravenously with 4 mg/kg of phentolamine followed by 1 mgI
kg of propranolol. The dogs were then injected with 50 mg/kg of
6-hydroxydopamine, and allowed to recover. One week following
6-hydroxydopamine treatment, the animals were imaged as out
lined above, then four were killed for analysisof tissue norepi
nephrine content. Seven were subsequently treated with immu
nosuppression to assess its possible effects on MIBCIlocalization
in dogs denervated by 6-hydroxydopamine.

Immunosuppression Treatment. Following the imaging studies
done 1 wk after 6-hydroxydopamine treatment, seven dogs were
treated orally with cyclosporin (100 mg BID) and prednisone (5
mg BID) for 1 wk. Three of the seven also received azathioprine
(25 mg BID). The cyclosporindosethat was usedhas been
previously reported to provide therapeutic effects in dogs (13).
The doses of prednisone and azathioprine were chosen to ap
proximate patient doses. Following immunosuppressive therapy,
the animalswereimagedas outlined above,and fivewere killed
for analysis of tissue norepinephrine content.

Norepinephrine Content Analysis. Biopsy samples were
weighed,and stored in 2 ml of 0.1 N perchioricacid at â€”70C,
until analyzed. Just prior to analysis, the tissue was homogenized
in a polytron, and the supernatant was analyzed by high-pressure
liquid chromotography (HPLC) (SmithKline Bio-Science Labo
ratories, Van Nuys, CA). Norepinephrine content values were
compared between normal (n = 4) and treated (n = 9) dogs using
an unpaired t-test.

Human Studies
Patient Population. Imaging with [â€˜23IJMIBGwas performed

in five normal paid volunteers and 10 patients following cardiac
transplantation as part of a research protocol approved by the
Committee on Human Research. The normal volunteers had a
mean age of 28 yr (range 25â€”32),were in good health and were
not taking any medication. The patients were studied a mean of
4.4 Â±0.6 mo after cardiac transplantation. All patients were
male, with a mean age of49 Â±10.7 yr. The mean left ventricular
ejection fraction (LVEF) was 55.6% Â±10.6% by radionuclide
angiography.There was no evidence of ischemia on exercise
thallium scintigraphy and the coronary arteries were normal at
angiography,whichweredone as part of the clinicalevaluation.
Nine of ten patients showedno evidenceof rejectionat the time
of MIBG imaging, while one patient showed moderate rejection
on biopsy. Biopsies and other studies were obtained within 3 wk
of the MIBO studies. Patients were taking the following medica
tions: cyclosporin, azathioprine, prednisone, ranitidine, verapa
mil (2), nifedipine (2), and diltiazem (4).

Imaging Protocol. The normals were imaged in a manner
similar to the dog protocol. Six to eight millicunes (225â€”300
MBq) of [231]MIBGwere injected intravenously and 5-mm
planar images were acquired in three projections at 5 mm and 3
hr after injection.

The first transplant patient was imaged in a similar manner.
However, the 5-mm image showed no myocardial localization of
MIBGcomparedto background.The remainingnine patients
underwent serial dynamic imaging at 30-sec intervals commenc
ing just prior to injection of MIBG, and continuing for 15 mm.
In addition 5-mm static images were taken at 5, 10, and 15 mm,
and 3 hr after injection.

Image Quantitation. To quantitate the degree of myocardial
and lung uptake of MIBG, ratios of myocardial-to-mediastinal
and lung-to-mediastinal uptake were measured. Myocardial-to

Early Delayed

Pre 6-OH Dopamine@

Post 6-OH Dopamine
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The ability of sympathetic nerve endings to take up
exogenously administered catecholamines is well estab
lished. Axeirod (14) and Whitby (15) showed rapid accu
mulation of 3H-norepinephrine and 3H-epinephnne in
heart, spleen and other peripheral tissues in cats and mice.
Many subsequent reports have confirmed the existence of
a high affinity, neuronal uptake mechanism, confined to
postganglionic sympathetic nerves (uptake 1), and a low
affinity, high capacity extraneuronal uptake mechanism
(uptake 2) (1). Tracer amounts of injected radiolabeled
catecholamines are largely distributed to neuronal sites,
however, even at low concentrations, extraneuronal up
take has been shown to occur (2). Neuronally-bound
catecholamines are generally retained for long periods of
time, whereas, in the case ofnorepinephnne, the extraneu
ronal material is rapidly metabolized, and not retained

(2).
Previous studies have demonstrated the affinity of ra

dioiodinated MIBG, an analog of guanethidine, for the
adrenal medullae and adrenergic nerves (16). Myocardial
localization has been demonstrated with MIBG in several
animal species and in man (3). MIBO is thought to share
similar uptake and storage mechanisms as norepinephnne
(1 7), but it is not metabolized by monoamine oxidase or
catechol-o-methyl transferase (3). An additional uptake
mechanism, involving passive neuronal uptake has been
hypothesized for MIBG (see below).

Reserpine, which blocks the vesicular uptake of norep
inephrine in adrenergic neurons, caused a marked decrease
in canine myocardial concentration ofMIBG (16). Nakajo
et al. (18) found an inverse relationship between the
accumulation of [â€˜311]MIBGin the heart and the plasma
concentration of catecholamines, suggesting competitive
uptake of MIBG by the heart and circulating catechol
amines. Salivary gland uptake of MIBG was blocked by
the administration of tricyclic antidepressants which are

0
FIGURE 4. Three
hourdelayedimages
areshownfor a nor
mal control and
a patientwith card
iac transplantation.
Thereis persistence
ofmyocardialactivity
in the normal heart,
whereas the trans
plantedheartcontin
uestoshowabsence
of MIBGuptake.

DISCUSSION

Post 6-OH Dopamlne

.-- IWeek

Normal

4 months
s/pTransplantFIGURE 2. Earlyanddelayedimagesin a dog studied1 wk

after6-hydroxydopaminetreatment(above)and1 wk following
subsequent immunosuppressivetherapy (below). As noted in
Figure1, the post-6-hydroxydopamineimageshowsprominent
myocardialuptakeon the early imageand majorwashoutof
MIBGonthedelayedimage.Inthesamedogstudied1 wk after
cyclosporin, prednisone and azathiopnne, the initial uptake of
MIBGremainsprominent.The delayedimageagainshowsa
major degree of washout of MIBG. The minor residual of MIBG
on the delayedimagemay be consistentwith an elementof
partialreinnervation.Theseimagesshownoevidenceof reduced
initialuptakeinthepresenceof immunosuppressiontherapy.

showed localization ofMIBG on either the early or delayed
images (Figs. 3 and 4). The salivary glands were included
in the field of view in four patients. In each, salivary gland
uptake was present (Fig. 3), indicating uptake of MIBG in
an organ outside of the heart that is not denervated. The
heart-to-mediastinal ratio was significantly greater in the
normals in comparison to transplant patients (1.8 Â±0.08
versus 1.19 Â±0.09, p < 0.0001). Prominent pulmonary
uptake was occasionally seen in the patients after trans
plantation (Figs. 3 and 4). However, there was no signifi
cant difference in the lung-to-mediastinal ratio between
normals and patients (1.4 Â±0. 13 versus 1.6 Â±0.21, p =
0.27).

MIBG
EarlyImages

5. 10. 15

â€˜I
4manths@ . -@

ww

FIGURE 3. Five-minutestaticimagestakenat 5, 10, and 15
mmafter injectionina normalcontrol(above)anda patientstudied
4 mo after cardiactransplantation.After blood-poolclearance,
thereis absenceof myocardiallocalizationin the transplanted
heart.
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known to inhibit neuronal uptake of norephinephrine
(19).

Norepinephrine, guanethidine and MIBO are distnb
uted to neuronal and non-neuronal compartments in the
heart (1 7). Assessment of the neuronal distribution is
facilitated by the fact that efflux from the nonneuronal
compartment is more rapid than from the neuronal com
partment. By 3 to 4 hr after injection ofMIBG, the images
obtained are thought to largely represent the neuronally
bound radionuclide (20).

Sisson et al. (4) have hypothesized the presence of a
passive type of neuronal uptake, unrelated to transport by
the amine uptake pump. This conclusion was reached
after experiments to assess the uptake of['251]MIBG in rat
hearts showed a 69% reduction in MIBG uptake in 6-
hydroxydopamine (neuron depleted) hearts (versus 88%
for 3H-norepinephrine), as compared to a 50% reduction
(versus 94% for 3H-norepinephrine) in hearts treated with
desipramine (a potent uptake one inhibitor). They deduced
that the difference (about 20%) between 6-hydroxydopa
mine and desipramine represented [â€˜251]MIBGthat entered
the neuronal sites by a route other than uptake one. The
observations made by Sisson et al. (4) could also be
explained by differing affinities of the uptake mechanism
for MIBG and norepinephrine without invoking a unique
uptake mechanism for MIBG. A recent study compared
the uptake of MIBO versus norepinephnne in human SK
N-SH neuroblastoma cells, which have been shown to
possess a â€œpureâ€•uptake one mechanism (21). Iodine-125-
MIBG was found to have a higher apparent affinity for
uptake one than did 3H-norepinephrine. Although not yet
demonstrated in peripheral sympathetic neurons, it is pos
sible that higher doses of desipramine may be required to
cause a comparable block ofthe neuronal uptake of MIBG
compared to norepinephrine. The higher residual uptake
of MIBG after desipramine may relate to incomplete
blockage ofthe uptake one system.

A diffusion pathway has been described in adrenal me
dulla cells as a high-capacity, sodium-independent non
energy requiring process. This pathway has been shown to
increase MIBG uptake in adrenal medulla cells; however,
this occurs only at very high concentrations of MIBG that
are not reached in vivo to the adrenals (22).

Further studies by Sisson et al. have shown that the rates
of disappearance of MIBG show physiologic responses to
interventions that either increase sympathetic nerve activ
ity, i.e., feeding (4), yohimbine (23); or decrease sympa
thetic nerve activity, i.e., clonidine (23). Whether or not
the diffusion pathway is active, the dominant responses of
neuronally localized MIBO appear to reflect the functional
activity ofthe adrenergic nerves in the heart (23).

Our results in globally denervated dog hearts are con
sistent with the results obtained in other species. The early
localization of MIBG was normal, and probably repre
sented non-neuronal localization. The efflux from the
heart was near complete during the three hour interval,

indicating an absence of neuronal retention. Low levels of
cardiac norepinephrine confirm that these hearts were
denervated.

The findings in the cardiac transplant patients were
surprising. It was assumed that the denervated human
heart would behavesimilarlyto the denervateddog heart.
However, there was no myocardial localization of MIBG
on either the early or delayed images. The possibility was
considered that the immunosuppressive therapy used to
treat the patients after transplantation may be the cause of
the absence of cardiac uptake. We found no effect of
immunosuppression on the initial uptake of MIBG in
denervated dog hearts. Hence, immunosuppression is not
a likely explanation for the findings in the patients. Also,
there is not likely to be any effect of the antihypertensive
medications that some of the patients were taking. The
findings were the same whether or not the patients were
taking antihypertensives.

The possibility must be considered that high-circulating
catecholamines may have caused the absence of cardiac
uptake of MIBO as has been described in patients with
pheochromocytoma (18). Plasma catecholamines were not
measured in this study; however, other studies have shown
normalization of serum catecholamine levels in patients
after transplantation (24). Hence, there is no reason to
believe that plasma catecholamines were elevated in our
patients. Schofer et al. (9) found that the increased plasma
catecholamine levels in patients with heart failure did not
significantly influence myocardial MIBG uptake.

Our findings suggest that the non-neuronal uptake
mechanism is not significant in human hearts. Other stud
ies have suggested that the uptake 2 mechanism is not
significant in humans. Probably the most compelling cvi
dence comes from the work ofCarr et al. (25). They found
significant uptake of â€˜251-O-iodobenzyltrimethylammo
nium iodide (RIBA), a radioiodinated analog of bretylium,
by the myocardium ofthe intact rat and dog. Localization
ofRIBA occurs by the uptake 2 mechanism (25). Interest
ingly, however, no myocardial uptake of RIBA was ob
served in the hearts of primates or humans.

Esler et al. (26) found that the selective extraneuronal
norepinephnne uptake blocker, cortisol, had no effect in
normal subjects on the plasma clearance of tritiated nor
epinephrine. Thus, they could not demonstrate the exist
ence of extraneuronal uptake of norepinephrine in hu
mans. Glowniak et al. (27) reported absence of MIBO
uptake in four patients after cardiac transplantation; how
ever, the imaging was done 1 hr after injection, which did
not allow assessment of the initial distribution of MIBO.

We have further evidence to support the view that
nonneuronal uptake is not significant in humans. We have
assessed MIBG uptake in two patients that underwent
regional sympathetic denervation (left stellectomy for long
QT syndrome). Both patients showed a comparable de
crease in MIBG uptake in the posterior left ventricle on
the early and delayed MIBG images. Neither patient took
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corticosteroid or antihypertensive therapy. We have also
studied MIBG uptake and washout in dog hearts that were
regionally denervated by either left or right stellectomy, or
epicardial phenol application (28). As in the globally de
nervated dog hearts, the early images were homogeneous,
whereas the late images showed regional defects in MIBG
localization due to greater washout in the denerevated
region. These findings in human and canine hearts, re
gionally denervated by similar surgical techniques, parallel
our findings in globally denervated human and canine
hearts, and add further support to our conclusions.

Lung Uptake
Although the transplant patients showed a trend towards

increased lung uptake, there was no significant difference
in lung-to-mediastirial ratios between patients and nor
mals. The lungs do extract catecholamines from the cir
culation (29) and have been shown to extract MBIG (30).
Glowniak et al. (27) also found a trend towards increased
lung uptake in transplanted patients and suggested that
the mechanism may relate to increased pulmonary artery
pressure or persistent effects ofprior elevations in pressure
on pulmonary endothelial cells in the transplanted pa
tients.
Implications for MIBG studies in Human Myocardium

Studies of MIBG distribution and kinetics have recently
been reported in patients with dilated cardiomyopathy
(8,9). Henderson et al. (8) studied 16 patients with severe
dilated cardiomyopathy and 14 healthy volunteers. To
mographic images were obtained 15 mm (initial), and 85
mm (delayed) after injection of [â€˜23IJMIBG.There were
no significant differences in MIBG concentrations on the
initial images between the hearts of patients with dilated
cardiomyopathy and controls. Myocardial retention of
MIBG was significantly reduced in the patients with car
diomyopathy on the delayed images, however. These re
sults are similar to our findings in denervated dog hearts
and could be interpreted as indicating denervation with
enhanced washout of nonneuronal MIBG. This mecha
nism was also proposed by Nakajo et al. to explain the
normal initial uptake but enhanced washout of MIBG
from the hearts of three patients with autonomic insuffi
ciency (Shy Drager Syndrome in two, multiple system
atrophy in one) (6).

Our results in the transplanted human hearts, however,
would suggest that the initial normal distribution of MIBG
in patients with cardiomyopathy is consistent with the
presence of intact sympathetic nerves and not with dener
vation. Numerous studies have shown decreased myocar
dial content of norepinephrine in experimental animals
(31) and patients with heart failure (32). Although the
cause of the norepinephrine depletion may relate to de
nervation and decreased number of sympathetic nerve
endings (31), a number of other factors are also possible
etiologies, including impaired neuronal uptake (31,32),
decreased synthesis of norepinephrine (33) or excessive
release of norepinephrine (34).

It is not inconceivable that patientswith congestive heart
failure can show decreased myocardial norepinephrine
contents, but preserved capacity to take up labeled cate
cholamines by myocardial sympathetic nerves. The syn
thesis of norepinephrine and the uptake process involve
different mechanisms (35). Eighty percent ofthe myocar
dial norepinephrine content is synthesized within the heart
itself and not recaptured (35). In experimental studies by
Tyce et al., where dog hearts were surgically denervated,
the ability to take up 3H-norepinephrine recovered while
the tissue levels of norepinephrine remained at markedly
reducedlevels(36).

Whether the failing human heart is denervated or not
remains controversial. Our findings in the transplanted
human heart suggest that the denervated human heart
does not take up MIBG. This observation may help sort
out some of the mechanisms related to abnormalities in
the sympathetic nervous system in heart failure.

The enhanced washout of MIBG described by Hender
son would be most consistent with increased sympathetic
nerve activity, resulting in enhanced release of MIBG.
Increased spillover of norepinephrine from the heart has
been demonstrated in patients with congestive heart fail
ure, consistent with increased sympathetic nerve activity
(34,37). The cause ofincreased spillover of norepinephrine
was thought due to increased sympathetic discharge, as
opposed to impaired neuronal uptake due to the fact that
the extraction fraction of tritiated norepinephrine was
normal (37). Increased release ofnorepinephnne from the
heart to plasma has also been reported in essential hyper
tension, and cirrhosis (38).

An alternative explanation for the findings of normal
initial uptake and rapid washout of MIBG observed by
Henderson et al. is that the MIBO was localized by passive
diffusion into the neurons, according to the mechanism
proposed by Sisson et at. (4). The presence of neuronal
uptake by passive diffusion still implies the presence of
intact neurons however. This is not inconsistent with our
suggestions. As noted earlier, MIBG localized to sympa
thetic nerves predominantly shows physiologic responses
to stimuli that either increase or decrease sympathetic
nerve activity. It is difficult to envision neurons that are
intact morphologically, but have no ability to take up
catecholamines by the uptake one mechanism, in the
absence of active inhibition of the uptake pump. As pre
viously noted, the uptake one property appears to be one
ofthe most sensitive indicators offunctioning sympathetic
nerves and appears to be a more robust property than is
the synthesis of norepinephrine (36).

Others have reported reduced neuronal uptake and re
lease of norepinephrine in patients with congestive heart
failure, and have suggested that the myocardial sympa
thetic nerves are not activated in heart failure (39). Our
observations in transplanted human hearts, and the obser
vations of Henderson et al., favor the view that neuronal
uptake is preserved, and that neuronal release is enhanced.
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It is difficult to attribute the finding of enhanced wash

out of MIBG in the patients with autonomic insufficiency
studied by Nakajo et al. to increased nerve activity (6).
The peripheral sympathetic nervous system, however, is
relatively intact in this disorder, and the deficit is thought
to be due to a lack of activation by the central nervous
system (40). This suggests that the initial normal localiza
tion of MIBG in the patients studied by Nakajo repre
sented neuronal localization. The mechanism leading to
rapid washout of MIBG remains to be explained.

OptimumTimeofMIBGImaginginPatients
It would appear that to evaluate the dynamic behavior

of myocardial sympathetic nerve activity, early and de
layed images of MIBG distribution are necessary. In situ
ations where the goal is the detection of regionally dener
vated myocardium, as has been reported after myocardial
infarction (10), early imaging after injection of MIBG
alone may suffice. Due to the absence of non-neuronal
uptake in human myocardium, it would be expected that
the denervated regions will not accumulate MIBO. Imag
ing immediately after injection may facilitate simultaneous
comparisons of myocardial perfusion using dual-isotope
acquisition techniques (5).

CONCLUSION

We have demonstrated a significant species difference
in the myocardial localization of MIBO. As opposed to
the clearly established extraneuronal uptake in the hearts
of some animals species, there appears to be insignificant
extraneuronal uptake in the human heart. This finding has
significant implications for the interpretation ofthe behav
ior of MIBG in various pathologic situations in human
myocardium.
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PURPOSE

This 46-yr-old man had had an esophageal
resection at age 10 mo for atresta. The missing
left clavicle, distorted diaphragm and surgical
clips are residual evidence of the surgery. The
pertechnetate scan (Fig. 3) reveals uptake in the
stomach and asymmetric activity in the thyroid.

TRACER
9@Tc-RBCs

ROUTE OF ADMINISTRATION
Intravenously

TIME AFTER INJECTION
5, 10, 15, 30, 60, 140, 180 mm and 9 hr
postinjection

INSTRUMENTATION
Gamma camera (Elscint)
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