
TEACHING EDITORIAL

Heart Imaging in the Diagnosis of Pheochromocytoma and Assessment of

Catecholamine Uptake

The report in this issue of the Journal by Nakajo and co-workers of an inverse relationship be
tween the accumulation of [13ll]metaiodobenzylguanidine (1-131 MIBG) in the heart and circu

lating and urinary catecholamines and their metabolites is a fascinating and exciting new finding
(7). It dramatically demonstrates in a visual manner the ability of excess circulating catechol
amines to affect the uptake and metabolism of catecholamines in the myocardium. Not only is this
new finding of some diagnostic interest with respect to pheochromocytoma, but also it may have
potential application to better understanding of catecholamine metabolism in vivo.

A radioiodinated analog of the adrenergic blocking agent guanethidine, 1-131 MIBG (/), has
an affinity for the adrenal medullae and adrenergic nerves (2-4). Its affinity for chromaffin tissue
has proven valuable in the scintigraphic localization of pheochromocytoma and the identification
of adrenal medullary hyperplasia (5,6). Since 1-131 MIBG may be stored in a manner similar to
norepinephrine (3), it probably concentrates in adrenergic nerves of the myocardium and has per
mitted imaging of the human heart (7). It is noteworthy that the authors found that the uptake of
1-131 MIBG in the salivary gland depends on an intact sympathetic innervation. Furthermore,
they have pointed out that certain drugs (e.g. reserpine and tricyclic antidepressants), which inter
fere with 1-131 MIBG uptake in the heart (3,8,9), and severe adrenergic neuropathy, which im
pairs the adrenergic uptake mechanism, can prevent visualization of the heart as well as of the sali
vary glands by 1-131 MIBG. These findings strongly suggest that uptake and storage of 1-131
Ml BG by adrenergic nerves is responsible for scintigraphic visualization of the heart.

Catecholamine storage sites consist mainly of "specific" (neuronal) and "nonspecific" (ex-

traneuronal) sites; neuronal uptake by sympathetic nerves (uptakei) and extraneuronal uptake
(uptake^) have been identified (10-12). Nakajo and co-workers indicate that residual radioactivi
ty in images of the heart obtained 24 or 48 hr after injection of 1-131 MIBG is consistent with the
concept that it is stored in the neuronal compartment, since nonspecific extraneuronal accumula
tion of guanethidine (a drug similar to 1-131 MIBG) decreases rapidly with time (13,14) and
probably would not account for the increased activity in the cardiac images observed in normal
subjects 1or 2 days after administration of I-131 MI BG. Furthermore, since it has been found that
pheochromocytomas concentrate only 2% or less of the administered dose (5), nonvisualization of
the heart by 1-131 MIBG in patients harboring a pheochromocytoma cannot, therefore, be ex
plained by sequestration of the tracer in the tumor (/).

Nakajo et al. suggest that competitive uptake by the heart of 1-131 MIBG with circulating cate
cholamines may explain nonvisualization of the myocardium in patients with pheochromocytoma
who have significantly elevated plasma catecholamines (/). Uptake of excess catecholamines
could potentially compete with and consequently inhibit the uptake of 1-131 MIBG that would or
dinarily occur in patients with normal concentrations of plasma catecholamines. In support of
their suggestion they cite the fact that guanethidine, an analog of MIBG, inhibits uptake of radio-
labeled norepinephrine by the rat heart in vivo and in vitro (15,16) and that prior treatment with
norepinephrine or epinephrine prevents uptake of radiolabeled guanethidine (17). They further
speculate that the rate of norcpinephrine turnover in neurons and its release into the circulation in
patients without pheochromocytoma may also influence adrenergic nerve uptake of circulating
catecholamines and 1-131 MIBG. They suggest, however, that catecholamine metabolites are
probably not resposible for inhibiting 1-131 MIBG uptake, since uptake of its analog, guanethi
dine, is not inhibited by normctancphrine (17).

Nonvisualization of the heart at 24 and 48 hr after injection of 1-131 MIBG was found to have
an accuracy of 80% and 59%, respectively, in the detection of pheochromocytoma. On the other
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hand, visualization of the heart was found to be more accurate in excluding the presence of a pheo-
chromocytoma. At 24 and 48 hr visualization accurately excluded the presence of pheochromocy-

toma 93% and 97% of the time, respectively. One would, therefore, feel much more secure in ex
cluding rather than establishing the presence of a pheochromocytoma when using the technique
of heart visualization in patients suspected of harboring this tumor. The use of 1-131 MIBG scin-
tigraphy to locate pheochromocytomas has been reported to be highly accurate and reliable and
of particular value in the identification of small tumors and those that are extraadrenal (5,6). As
indicated by Nakajo and co-workers, the intensity of heart uptake can be a helpful adjunct in the
diagnosis of pheochromocytoma; nonvisualization of the heart occurred in one of their patients
whose pheochromocytoma failed to be detected by 1-131 MIBG imaging. It must be appreciated,
however, that about 45% of patients with pheochromocytoma have paroxysmal episodes of hyper
tension, and the tumors in some of these patients secrete only periodically, thus, plasma catechol-
amines are not constantly elevated in these subjects (18). In these latter patients uptake of 1-131
MIBG would probably not be inhibited and would permit visualization of the heart despite the
presence of a pheochromocytoma. To what extent such patients have been represented in the cur
rent study is unclear. It is possible that with a larger study group, the specificity of cardiac visual
ization in excluding pheochromocytoma may be less than found here.

The use of I-131 MI BG to localize a pheochromocytoma and to image the heart is a most inter
esting technique that may improve the ability to establish or exclude the presence of a pheochro
mocytoma. Since the likelihood of visualization of the tumor itself is very high, however, it is un
certain to what extent imaging of the heart will add to the accuracy of the diagnosis of pheochro
mocytoma. To this time the diagnostic use of 1-131 MIBG has remained experimental and the
published experience is limited. Transmission computerized tomography has proven extremely
valuable in localizing pheochromocytoma (19) and is a particularly attractive radiographie mo
dality since it is noninvasive. Occasionally, angiography may be useful in localizing a pheochromo
cytoma not identified by a TCT study, particularly when the tumor is relatively small and extra-
adrenal in location. Ultrasonography may demonstrate that a lesion is cystic; however, this finding
is of no value in the differential diagnosis since pheochromocytomas can be solid or cystic (Â¡8).A
biochemical diagnosis, i.e., elevated plasma or urinary catecholamines or their metabolites, has
always been considered essential in establishing the presence of a pheochromocytoma. It appears,
however, that scintigraphic imaging with 1-131 MIBG may be a sensitive and specific method for
both the diagnosis and localization of pheochromocytoma. This nuclear medicine technique may
also be particularly helpful in identifying those patients with the multiple endocrine Type 2 syn
dromes, since it provides functional as well as anatomic evidence of subtle adrenal medullary ab
normalities (6). Sisson and co-workers have found scintigraphic localization of pheochromocyto
ma more accurate than TCT scan (5).

The potential in vivo use of 1-131 MIBG for studying catecholamine metabolism and for investi
gating adrenergic influences on the heart appears promising but remains to be explored. Certainly
from the report by Nakajo et al. it seems that the effect of drugs or an adrenergic neuropathy on
the catecholamine uptake mechanism may be assessed in vivo by studying the effect on heart in
tensity images caused by administration of 1-131 MIBG. The mechanism whereby excess circulat
ing catecholamines inhibit 1-131 MIBG uptake remains somewhat obscure, since we and our col
leagues have found that in experimental pheochromocytoma in the rat, marked elevations of plas
ma norepinephrine were not accompanied by a significant increase in tissue norepinephrine in the
heart or other organs or tissues (20,21) except in erythrocytes (22). One might have anticipated
that in the presence of markedly increased circulating catecholamines, a significant accumulation
of tissue catecholamines would have occurred. Since this was not the case, it appears that inhibi
tion of 1-131 MIBG uptake by excess circulating catecholamines may not be explained simply by
a reduced storage capacity in adrenergic nerves or other tissues that might result from an excess
storage of catecholamines. Further studies are required to clarify the mechanisms involved in up
take inhibition with the major possibilities being competitive inhibition and/or diminished func
tion of the amine uptake pumps.

It has recently been found that the excess circulating catecholamines in a rat model harboring
pheochromocytoma cause diminished function of beta adrenergic receptor mechanisms in a vari
ety of tissues including the heart (23,24, G. Tsujimoto, W. M. Manger, B. B. Hoffman, unpub
lished results). It is interesting to speculate that uptake mechanisms might also be desensitized in
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patients with pheochromocytoma. Quite separately, the present work by Nakajo et al. hints at the
possibility that 1-131 MIBG may be useful as a tool to investigate autonomie dysfunction in
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