
The development of radiopharmaceuticals for imag
ing the adrenal medulla has been conducted at our
medical center for the last decade (1â€”8).In 1980 the
striking affinity of the radioiodinated benzylguanidines
for the adrenal medulla was reported (9), and it was
suggested that m- [I- 131]iodobenzylguanidine (I- 131
MIBG) mightbeaclinicallyusefulradiopharmaceutical
(10).Thiswasverifiedinmanbythevisualizationwith
I- I 3 1 MIBG of benign and malignant pheochromocy

tomas (I 1) and adrenal medullary hyperplasia (12). The
normal distribution of the radiopharmaceutical, and the
scintigraphic patterns observed in man both with and
without catecholamine-secreting tumors, have not been
described previously in detail. Since 1-131 MIBG may
soon be widely available, the patterns of normal and
abnormal imagingâ€”especially regarding the frequency
and intensity of uptake by the normal adrenal medulla
relative to that of adrenal pheochromocytomaâ€”should
be familiar to those using 1-131 MIBG. In this paper we
evaluate the distribution of 1-131 MIBG in man as
portrayed by scintigraphy and quantitated by inspection
of uptake in various organs by several observers.
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MATERIALS AND METHODS

Study population and materials. We have studied the
I- I 3 1 M I BG images obtained by previous methods

(11,12) from84patientsreferredtoourcenterforsus
pected pheochromocytomas between June 1980 and
December 1981. 1-131 MIBG scintigraphy was per
formed following the intravenous injection ofO.5 mCi/
l.7m2 body surface area, using a gamma camera with
a high-energy, parallel-hole collimator. Images were
acquired for 100,000counts or 20 mm and were obtained
at 24, 48, and occasionally 72 hr after tracer injection.
Posterior head and chest, posterior midabdomen, and
anterior lower abdominal images provided overlapping
scans from the pelvis to the base of the skull on at least
one imaging occasion. Some of the early patients had
images limited to the abdominal region. Thyroidal up
take of 1-131was blocked by Lugol's solution, six drops
per day (40 mg iodide) or three drops of saturated so
lution of potassium iodide ( 120 mg of iodide) per day,
beginning on the day before the tracer injection and
continuing for at least four days afterwards.

Observation methods. Four experienced nuclear
medicine physicians (MN, BS, VK, MG) independently
evaluated the distribution of 1-131 MIBG in various
organs by means of a semiquantitative grading system
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The scintigraphicdistributionof m-[131ljiodobenzyiguanidine(1-131 MIBG), an
adrenalrnedullaryimagingagent,was studiedto determinethe pafternsof uptake
of thisagentin man.The normaldistributionof 1-131MIBGincludesclear portrayal
of the salivary glands, liver, spleen, and urinarybladder.The heart, middle and
lower lungzones, and colonwere lessfrequentlyor less clearly seen. The upper
lung zones and kidneys were seldom visualized.The thyroid appeared only in
cases of inadequatethyroidalblockade.The â€œnormalâ€•adrenal glandswere sel
domseen andfaintlyimagedin 2% at 24 hr after injectionand in 16% at 48 hr, in
patients shown not to have pheochromocytornas,whereas intra-adrenal,extra
adrenal, and malignantpheochromocytornasusually appeared as intense focal
areas of 1-131MIBGuptakeat 24 through72 hr.
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using the following scale: Grade 0 (no visible uptake),
Grade 1 (uptake just visible), Grade 2 (uptake clearly
visible), Grade 3 (prominent uptake), and Grade 4
(uptake yielding maximal film density). Images con
sidered technically inadequate were not graded. Organs
or sites evaluated were: the salivary glands, thyroid,
heart, lungs (left and right, upper, middle, and lower
zones), liver (left and right lobe), spleen, kidneys, colon,
adrenal glands (left and right), urinary bladder, and any
other sites showing uptake. Images were examined in
random order and presented to the observers without
clinical or hormonal data. The test images were exam
med in batches to avoid fatigue.

Data analysis. Following the grading of uptake, the
medical records were reviewed for plasma epinephrine
(E) and norepinephrine (NE) concentrations, and for
urinary excretion rates for E, NE, metanephrine (M),
normetanephrine (NM), and vanillylmandelic acid
(VMA), all measured by previously described methods

(11). Theresultsof radiologicalstudies(e.g.,transmis
sion computerized tomography (TCT), arteriography,
and venous sampling), and of surgical explorations, were
reviewed. The 84 patients (including five repeat studies)
were divided into five groups.

Group I (normal). This consistedof 25 patientswith
no biochemical, radiological, or surgical evidence of
pheochromocytoma. Their levels of all seven hormonal
measurements were all within normal limits* (exception:
two patients whose VMA measurements were
omitted).

Group II (probably normal). This consistedof 19
patients in whom no more than two of the seven hor
monal measurements were above normal limits, but not
diagnosticfor pheochromocytoma:plasmacatechol
amine concentrations less than three times the upper
limit of normal; urinary catecholamines and catechol
amine metabolite excretion rates less than twice the
upper limit of normal). All localization techniques were
negative except for one patient whose TCT scan sug
gested a left adrenal mass, but at surgical exploration this
was revealed to be an aneurysm of the splenic artery.

Group II! (multiple endocrine neoplasia Type 2
(MEN 2) patients and their kindreds). This consisted
of two patients with MEN 2b, and nine patients with a
family history of MEN 2a. Nine of the 11 patients had
medullary thyroid carcinoma or C-cell hyperplasia. The
remaining two patients were part of an MEN 2a kindred
and apparently unaffected. These patients showed a wide
range ofcatecholamine values. In five patients the levels
ofall seven hormonal values were within normal limits.
In four patients, no more than two of the seven hormonal
measurements were above normal limits, but not diag

nostic for pheochromocytoma. In one patient with MEN

2b, three hormonal values were elevated, but none of
them was diagnostic for pheochromocytoma. The re
maining patient showed elevation ofall hormonal values,

diagnostic for pheochromocytoma. Thus this group in
cluded unaffected individuals, patients with medullary
hyperplasia, and patients with pheochromocytoma.

GroupI V (surgicallyprovenpheochromocytoma).
This group consisted of I6 patients with pheochromo
cytoma (right adrenal in four and left adrenal in six).
One patient had bilateral adrenal pheochromocytomas,
and three had extra-adrenal pheochromocytomas (right
renal hilum, neck, and mediastinum). Two patients had
malignant metastatic pheochromocytomas.

Group V (indeterminate). Thirteen patients were
included in this group, which was subdivided into: (a)
Two without evidence of pheochromocytoma, in which
five of the hormonal measurements were within normal
limits, but in whom two urine measurements were not
performed and in whom there was no radiological evi
dence for pheochromocytoma. (b) Nine in whom more
than three hormonal values were elevated but not diag
nostic for pheochromocytoma, and no localization of

pheochromocytoma could be made radiologically. One
of these patients showed marked elevation in urine NE,
E, and VMA due to methyldopa intake. (c) Two patients
in whom hormonal values were above normal in two of

the seven measurements, and in whom TCT scan sug
gested the presence of an adrenal mass although surgical
confirmation is lacking. Figure 1 shows the hormonal
data for each group.

The frequency ofvisible uptake and the mean intensity
in each organ at 24, 48, and 72 hr in each group were
calculated. In addition, the distribution of intensity of
adrenal visualization was plotted for each group. In
Group IV this was performed separately for the tumor
bearing adrenal and the contralateral gland of the eleven
patients with intra-adrenal pheochromocytomas. There
was no significant interobserver variation in the grading

of adrenal uptake in either normal or pheochromocy
toma-bearing adrenals, nor in the uptake of extra
adrenal pheochromocytomas. In some instances, there
were significant interobserver variations in the grading
of intensity of uptake in liver, spleen, bladder, and upper
lung fields. We felt that this resulted from the difficulty
in distinguishing the left lobe of liver from spleen, or from

upper and middle zones of the lung, while in the case of
the bladder, this organ often lay at the edge of the
field.

RESULTS

The normaldistributionof 1-131MIBG (Table 1).A
representative example of a normal, 48-hr series of
scintigrams is shown in Fig. 2. In Group I the 24-hr
distribution was as follows: the salivary glands, liver,
spleen, and urinary bladder were usually visualized, with
mean intensities ranging from I.6 to 2.6. Much of the
bladder activity is due to I- I3 1 M IBG in the urine (see
Fig. 3). The heart and lower zones of the lungs were
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FIG.1. HormonaldataareshownforsoupI(Normal),@â€˜oupII(probablynormal),@â€˜oupIII(MEN), @oupIV(pheochromocytoma),and
SOup V (indeterminate). Plasma concentrations (pg/mI) are given for epinephrine (A), and norepinephrine (0), and urinary excretion

rates (@ig/24hr) for epinephrine (B), norepinephrmne(E),metanephrine(C), normetanephrine(F),and VMA (mg/24 hr) (0). Upper limit
of normal is indicated by horizontal dashedline. (@)repeat case, (U) patient on methyl dopa.
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visualized in about half of the cases, with the mean in
tensities of 0.7 and 0.8 respectively. The thyroid, colon,
and the middle zones of the lungs appeared less fre
quently and intensely, whereas the upper zones of the
lungs, kidneys, and other sites were seldom seen. The
adrenal glands of Group 1were not visualized, whereas
those in Group II were visible at Grade 1 intensity in 2%
of patients. The overall distribution patterns at 48 and

72 hr were similar to those at 24 hr (see Table 1), with
the major differences being: (a) a decrease in the fre
quency and intensity of visualization of the middle and
lower zones of the lungs and of the urinary bladder, and
(b) a slight increase of frequency of visible uptake in the
adrenals with time. Of 36 observations for each adrenal
gland in nine patients at both 24 and 48 hr, adrenal vi
sualization increased from Grade 0 to Grade 1 in 12
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FIG. 2. Overlapping 1-131MIBGimagesat 48 hr in typical normal
patient.A: posteriorheadandchest; B: posterior midabdomen;and
C: anterior lower abdomen. Note accumulation of l-131 MIBGin
salivaryglands(S),heart(H),Ih,er(L),spleen(SP),andtrinary bladder
(B). M indicates radioactive markers.

(eight left and four right) and from Grade 0 to Grade 2
in two cases (one left and one right). Thus, approxi
mately 20% of normal adrenals not seen at 24 hr were
faintly delineated at 48 hr.

1-131 M!BG distribution in other groups (Table 1). The

distribution patterns in Groups II through V were similar
to Group I with the exception of: (a) much higher uptake
in the adrenals of Group III (MEN patients and their
kindreds) and Group IV (surgically proven pheochro
mocytomas) than in Groups I (normal), II (probably
normal), and V (indeterminate); and (b) higher uptake
in â€œothersites,â€•representing extra-adrenal and meta
static pheochromocytomas in Group IV.

Adrenaluptake.Figure4 comparesthe intensityof
adrenal visualization between groups at 24 hr (a), 48 hr
(b), and 72 hr (c). The intensity of adrenal visualization
is similar in Groups I, II, and V and in the contralateral

adrenal glands of Group IV; the great majority (84â€”
100%) not being visualized (Grade 0) and in no case
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FiG. 3. A. Anteriorpelvic scintI@'amshowingprorT*ient1-131MIBG
bladderactivity(B).Colonicactlvftyis alsoseen(C).B. Anterior
pelvic scintI@'am after catheterization and &ah@ageof bladder. Utile
bladderactivity remains. M indicates radioactive markers.

exceeding Grade 2. In contrast, adrenal visualization was
frequent in Group III and in the tumor-bearing glands
of Group IV. In Group III most of the adrenal visual
ization at 24 hr is Grade 1 and 2, and the adrenal pheo
chromocytomas of Group IV rated Grades 3 and 4. The
intensitytendedto increasethrough48 and72 hr. The
spectrum ofadrenal uptakes in Group III and Group IV
are shown in Figs. 5 and 6.

Uptakeat othersites.SuchI-i 31 MIBG uptakewas
observed in a few patients from Groups I, II, IV, and V
(see Table 1). In Group I, one observation of Grade 1
intensity was noted in mid-abdomen and was interpreted
as small-bowel radioactivity. In Group II, the Grades 1
and 2 uptakes that were noted by two observers in the left
flank of one patient (24-hr image) might have been in
the spleen. In Group IV, all but one â€œotherareasâ€•of focal
1-131 MIBG uptake were due to the lesionsof metastatic
malignantpheochromocytoma(2 cases,seeFig.7), an
intrathoracic pheochromocytoma (1 case), and a dis
placed portion of a large cystic pheochromocytoma of
the left adrenal gland ( 1case). The grading of these le
sions was 3 or 4 in most cases (see Table 1). One case of
contamination of the lower abdomen with radioactive
urine was observed. Two extra-adrenal pheochromocy
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FIG. 4. Distributionof intensityof adrenalvisualization in different
patient groups (expressedas % of observations made at 24, 48,
and 72 hr). soup I Normal;c@oupIIProbablynormal; @â€˜oupIIIMEN
two patients and their kindred; @â€˜oupIV Pheochromocytoma(T
tumor-bearinggland,C contralateral gland);GroupV Indetermi
nate. % = number of observations In each wade X 100 + total
number of observations.

tomas showed no visible uptake (lesions in the right renal
pelvis and right neck). In Group V, three Grade 2 spots
were found in one patient in a region inferior to the spleen
at 24 and 48 hr. The significance of this finding is un
certain.

DISCUSSION

Iodine-13l MIBG, an analog of the adrenergic
blocking agent guanethidine, is thought to share the
same uptake and storage mechanisms as norepinephrine
(13,14). However, it is not metabolized by either

monoamine oxidase or catechol-O-methyl transferase
(15). In the canine adrenal, MIBG is sequestered mainly

in the chromaffin storage granules (10). In dogs a major

component of myocardial retention of I- I31 MIBG may
be due to sequestration within the norepinephrine storage
vesicles of the adrenergic nerves of the heart (15). Thus,

in man the scintigraphic distribution might be expected
to reflect organs with adrenergic innervation, as well as
in those organs that process catecholamines for excre

tion, such as liver and urinary bladder.

In this study, the organs most frequently and intensely
visualized were: the salivary glands, liver, spleen, and
urinary bladder. Of these, the salivary glands and spleen

are richly innervated by sympathetic nerves (16). Al

though the salivary gland is known to accumulate free
I- I 3 1 actively (as do the thyroid and stomach, I 7), there

is little possibility that salivary gland visualization was

due here to free I- I31, since the stomach was not visu
alized in any patients in this study. This suggests that

FIG.5. Spectrumofadrenaluptakeof1-131MIBGinmuftipleen
docrine neoplasia Type 2 (MEN 2). All are posterior abdominal im
ages obtainedat 48 hr after injection. A: patient with MEN2aâ€”no
visible 1-131MIBGadrenal uptake (Grade0). B: patient with MEN
2bâ€”minimalbilateral 1-131MIBGadrenal uptake (Grade 1 on left
and Grade2 on right).C: patientwith MEN2aâ€”prOminentbilateral
adrenal uptake of 1-131MIBG(@â€˜ade3). Adrenal uptake indicated
by arrows.

1-131 MIBG may be accumulated by the sympathetic
nerves of the salivary gland. In mice, whole-body auto
radiograms with [I4C]guanethidine have also revealed
prominent concentration in the salivary glands (18). The
visualization of the spleen may result from its rich
sympathetic innervation. In the dog the spleen has a
tissue concentration ten and I9 times that of blood at 24
and 48 hr. respectively (9). Despite the fact that, in an
imal studies, the concentration of 1-125 MIBG in the
liver was only I .5 and 2 times that in blood at 24 and 48

hr (9), the liver was consistently visualized, probably
because of its volume and vascularity. In addition, the
liver is a major site for catecholamine degradation, and
may be a site of 1-131 MIBG uptake even though most
of the drug is excreted unchanged in the urine.

Visualization ofthe urinary bladder results from the
renal excretion of activity, 95% of which appears Un
changed in the urine (15). In five normal subjects, the
mean urinary excretion was 64% in the first 24 hr (19).
The decreasing intensity of the bladder shadow with time
reflects this excretion. In cases where pheochromocy
toma in region of the bladder is suspected, imaging fol

Volume 24, Number 8 679
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FIG.7. Posteriorimageof headandchest,demonstratingmalignant
metastatic pheochromocytoma(arising from para-aortic primary)
with Intense (@1ade4) I-131 MIBGuptake in skeletal metastases:
in fifth cervical vertebra (C)andright scapula(S),and poor uptake
In anterior left rib (A). M indicates radioactive markers.

the lung perhaps reflect the relative lung volumes in these
zones and the relative pulmonary vascularity.

The source(s) of colonic radioactivity appearing after
injection of I- I31 MIBG are not clear. Twenty-four-hr
fecal collections obtained in two subjects contained
0.06% and I .68%of the injecteddoseof I- I 23 M IBG
(18). In a study ofguanethidine distribution in the rat,
an appreciable fraction of an intravenous dose of guan
ethidine (8% in I8 hr) was excreted in the feces due to
biliary excretion, pancreatic excretion, and direct pas
sage across the gastrointestinal epithelium (20). 1-131
MIBG, an analog ofguanethidine, may also be similarly

excreted. Another possible route is the ingestion of saliva,
in which we have confirmed radioactivity from 1-131
MIBG. Visualization ofthe kidneys seldom occurred at

24 hr or later, which is a reflection of the rapid renal
clearance of 1-131 MIBG.

The striking discrepancy between Groups I, II, and
V on theone hand and Groups Illand IV on theother
was in the uptake in the adrenal glands and other sites.
In Group I, the normal adrenal glands were never visu
alized at 24 hr. Approximately 20% of these changed to
positive at 48 hr. This is probably due to higher tissue
to-blood ratios at 48 hr (9). Normal adrenal glands,
when seen at all, were always faint (less than Grade 2).
This is in contrast to the reports of Wieland et al. (10),
in which the normal adrenals ofdogs and rhesus monkeys
were imaged with I- I31 MIBG. This may be explained
by the administered dose/kg body weight of I- I31
MIBG, the average value being 7 j.@Ci in man, whereas

60 @tCiwas administered in dog and I30 .tCi in monkeys.
The human adrenal also has considerably more overlying
tissue. Such dose-dependent scintigraphic densities have

A

FIG.6. A:typicalintenseuptake(@â€˜ade4,arrow)at48hrinleft
sidedsporadicadrenalpheoctwomocytoma.B: less Intenseuptake
(@ade 3, large arrow) In sporadic left-sided pheochromocytoma.
Note faint (Gâ€¢ade2) visualIzation of normal right adrenal, small
arrow. Normality of right glandwas confirmed at surgical explora
tion.

lowing catheterization may be required to reveal a lesion
that maybemaskedbyactivityin theurine.

Organs less frequently and less intensely visualized
in all groups were: thyroid, heart, lung, colon, and kid

ney. The thyroid gland was visualized only in those pa
tientswhereiodidepretreatmenthadinadvertentlybeen
omitted.

Myocardial uptake of MIBG treated with 1-131 or
I- 123 has been reported in both animals and man, and

appears to have two components, one being nonspecific
and the other a specific adrenergic neuronal concen
tration (/5,18). Peak tissue concentrations are achieved
2 hr after injection. In the dog heart, concentrations at
24 and 48 hr were respectively 20%and I2.5%of the 2-hr
level (/5). Thus ifimaging were performed at 24 and 48
hr, myocardial activity sufficient to produce images in
every case would not be anticipated. Moreover, the fre
quency and intensity ofvisualization ofthe heart is sig
nificantly lower in Groups IV and V than in Groups I and
Ill. Elucidation ofthe different factors in these groups

may provide an insight into mechanisms of I- I3 1 M IBG
uptake.

The differences in frequency and intensity of visual
ization between the upper, middle, and lower zones of

680 THE JOURNAL OF NUCLEAR MEDICINE
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TABLE2. FREQUENCYOF VISIBLEUPTAKE,AND MEANINTENSITYOF UPTAKE,IN ADRENAL
GLANDSOFGROUP3 (MENPATIENTSANDTHEIRKINDRED)

24 hr L 20 70 1.3Â±0.9 12 50 0.5Â±0.5 8 50 1.1 Â±1.3
A 20 60 1.3Â±0.9 12 50 0.5Â±0.5 8 63 1.3Â±1.1

L 20 65 0.9Â±0.9 16 63 0.8Â±0.8 8 100 2.5Â± 1.4

R 20 60 1.3Â±1.3 16 50 0.7Â±0.8 8 100 3.5Â±0.5
48 hr

L 4 100
R 4 100

3.0 4 100 3.8
4 100 3.8

72 hr
3.0

n = number of observationsof the adrenalglands.
% = percentage of observations in which uptake was graded as 1 or greater.

m mean uptake =
numberof observations

s.d. standarddeviation.

been observed in the detection of iodine-avid tissue in
patients with thyroid cancer using 1-131 (2!).

In Group 111(MEN 2 and their kindred) catechol
amine measurements showed a wide spectrum of ab
normalities, overlapping the normal range. The adrenals,

however, showed frequency and intensity of visualization
quite different from those in Groups I, II, and V, with
faint visualization occurring at 24 hr in most cases be
coming increasingly more intense until 72 hr. Table 2
shows the results of adrenal visualization of the patients
in Group III when divided into three subgroups ac

cording to biochemical criteria as defined in the methods
section. The â€œnormalâ€• subgroup corresponds to Group

I and the â€œprobablynormalâ€•subgroup to Group II. The
striking discrepancies in adrenal uptake between Group
I and the â€œnormalâ€•subgroup, and between Group II and
the â€œprobablynormalâ€•subgroup, are obvious at all
imaging times (also see Table I). The â€œpossiblepheo
chromocytomaâ€•group has an even higher frequency and
intensity of visible uptake than the normal and proba
bly-normal groups at 48 hr. This probably reflects the
spectrum of increasing function and size of the medulla
in MEN 2, from normal to medullary hyperplasia to

frank pheochromocytoma (12,22). Thus, definite
(greater than Grade 2) bilateral adrenal visualization
was observed in a patient with normal catecholamine
measurements and few symptoms, who underwent bi
lateral adrenalectomy that revealed medullary hyper
plasia. I- I31 MIBG thus appears valuable in the evalu
ation of patients with MEN 2 and their kindreds, even
in the absence of symptoms of hypercatecholaminemia

and normal or borderline hormonal and/or TCT find
ings.

The normal adrenal is seldom visualized (less than

20%, and then always less than Grade 2), in contrast to
the frequent and usually more intense uptake observed
in adrenal medullary hyperplasia and pheochromocy
toma. The faint uptake may overlap normal and ab
normal adrenal glands (see Figs. 4â€”6).In those cases
where faint uptake (Grade 1 or 2) is present, this must
be interpreted in the light of the plasma and urinary
catecholamine measurements and the genetic back
ground of the patient. In addition, comparison is neces
sary with other diagnostic modalities such as TCT, which
may be helpful in ambiguous cases. Although two
extra-adrenal pheochromocytomas were missed in this
particular series, 1-131 MIBG imaging is especially
valuable in detecting extra-adrenal pheochromocytomas
(23,24) and metastatic lesions from malignant pheo
chromocytoma (24,25). In this context, any foci of I-I 31
MIBG uptake other than in those organs described above
must be considered as possible sites of ectopic or meta
static pheochromocytoma. In this series of patients, 1-131
MIBG detected pheochromocytomas in 14/ 16 cases
(80%). More detailed evaluation of the sensitivity and
specificity of the technique is being studied.

FOOTNOTES

0 Plasma E 100 pg/mI, plasma NE 500 pg/mI, urinary E@ 30
@ig/24hr. urinary NE@ 120 @tg/24hr, urinary M@ 80 tg/24 hr,
urinary NM 165 @g/24hr and urinary VMA 7 mg/24 hr.

ACKNOWLEDGMENTS

We thank Ms. JoanneBoldt for help in the preparation of the
manuscript;Dr. T. Mangnerand Ms. Holly Anderson@Davisfor the
manufacture of I-I 31 MIBG; and the Phoenix Memorial Laboratory
for the useof radiochemistry facilities.

Volume 24, Number 8 681



NAKAJO. SHAPIRO. COPP. KALFF. GROSS. SISSON, AND BEIERWALTES

This work wassupportedby the followinggrants:DHEW #3M0I
RR0042-22SI CLR, NIH #ROI AM 21477.NIAMDD #5P60
AM 20575, NCI #09015 and the Nuclear MedicineResearch Fund.
B.S. is the recipientofan NIH Clinical AssociatePhysicianAward
(DHEW #3M0I RR00042-22SICLR).

REFERENCES

I . MORALESJO, BEIERWALTESWH, COUNSELLRE, et al:
The concentration of radioactivity from labeled epinephrine
and its precursors in the dog adrenal medulla. J Nuci Med
8:800-809, 1967

2. COUNSELL RE, SMITH TD, DIGIULIO W, et al: Tumor
localizing agents VIII. Radioiodinatcd phenylalanine analogs.
JPharmSci5l:1958-1961,1968

3. LIEBERMAN LM, BEIERWALTESWH, VARMA VM, Ct
al: Labeled dopamine concentration in human adrenal me
dullaandinneuroblastoma.JNuciMed10:93-97,1969

4. ANDERSON BC, BEIERWALTESWH, HARRISON TS, et
al: Labeleddopamineconcentrationinpheochromocytomas.
JNuc!Med 14:781-784,1973

5. ICE RD. WIELAND DM, BEIERWALTESWH, et al: Con
centrationofdopamine analogsin theadrenalmedulla.JNucl
Med 16:1147â€”1151,1975

6. COUNSELLRE, YU T, RANADA VV, Ctal: Potentialorgan
or tumor-imaging agents. 14. Myocardial scanning agents.
JMedChem 16:1038-1040,1973

7. KORNN, BUSWINKA, YUT, et al: A radioiodinated
bretylium analogasa potential agent for scanningthe adrenal
medulla. J Nuci Med I8:87-89, 1977

8. WIELAND DM, SWANSON DP, BROWN LE, et al: Imaging
the adrenal medulla with an 1-131-labeledantiadrenergic
agent.INuc!Med 20:155â€”158,1979

9. WIELANDDM,WUJ-L,BROWNLE,Ctal: Radiolabeled
adrenergic neuron-blocking agents:Adrenomedullary imaging
with [â€˜31IJ-iodobenzylguanidine.J Nuci Med 21:349â€”353,
I980

10. WIELAND DM, BROWNLE, T0BES MC, et al: Imaging the
primateadrenal medulla with [123I]and [â€˜31I]metaiodoben
zylguanidine: Concise communication. J Nuci Med 22:
358â€”364,1981

II. SISSONJC, FRAGERMS. VALK TW, et aI: Scintigraphic
localization of pheochromocytoma.N Engi J Med 305:12-17,
1981

/2. VALK TW, FRAGER MS, GROSS MD, et al: Spectrum of
pheochromocytoma in multiple endocrine neoplasia.A scm
tigraphicportrayalusing@ l-metaiodobenzylguanidine.Ann

Intern Med 94:762â€”767,1981
13. NICKERSON M, COLLIER B: Drugs inhibiting adrenergic

nerves and structures innervated by them. In The Pharma
cological BasisofTherapeuzics, 5th Ed., Goodman LS, Gil
man A, Eds. New York, Macmillan Publishing Co, 1975, pp
553â€”564

14. FIELDENR,GREENAL: Theeffectofsomearalkylguani
dinesinmice.BrJ Pharmacol24:408-417,1965

15. WIELAND DM, BROWN LE, ROGERS WL, et al: Myocar
dial imaging with a radioiodinated norepinephrine storage
analog.I NuciMed 22:22-31,I981

/6. WHITBYLG,AXELRODJ,WELL-MALHERBEH: Thefate
of H3-norepinephrine in animals. J Pharmacol Exp Ther
132:193â€”201,1961

/7. TAPLINGV,JOHNSONDE,DOREEK,etal: Suspensions
of radioalbumin aggregatesfor photoscanningthe liver, spleen,
lung and other organs. J Nuci Med 5:259-275, 1964

18. FURST CJ: Studies on the distribution and excretion of a
metabolite of guanethidine in the rat. Br J Pharmacol Che
motherapy32:57-64,1968

19. KLINE RC, SWANSON DP, WIELAND DM, et al: Myo
cardial imagingin man with l-123-meta-iodobenzylguani
dine.JNuclMed 22:129-132,1981

20. SCHANKER LS, MoRRISoN AS: Physiological disposition
of guanethidine in the rat and its uptake by heart slices.In:
J Neuropharmacol 4:27-39, 1965

2!. WAXMAN A, RAMANNA L, CHAPMAN N, et al: The sig
niflcance of 1-13 1 scan dose in patients with thyroid cancer:
Determination of ablation: Concise communication. J Nuci
Med 22:861â€”865,1981

22. CARNEY JA, SIZEMORE GW, SHEPS SG: Adrenal me
dullary disease in multiple endocrine neoplasia, type 2 pheo
chromocytoma and its precursors. Am J C/in Patho/ 66:
279-290,1976

23. SHAPIRO B, KALFF V, SissoN JC, et al: Intrathoracic
pheochromocytoma:A diagnosticdilemmasolvedby I31-
l-metaiodobenzylguanidinescintigraphy. C/in Res 30:722A,
1982(abst)

24. SHAPIROB,SISSONJC, BEIERWALTESWH: Experience
with the useof 131-l-metaiodobenzylguanidine for locating
pheochromocytomas. In Nuc/ear Medicine and Biology,
Volume II, Editor C Raynaud, PergamonPress,Paris, 1982,
pp 1258â€”1261

25. SHAPIRo B, SIsS0N JC, BEIERWALTES WH: Functional
imaging of malignant pheochromocytoma by I 3 1-I-metaio
dobenzylguanidine scintigraphy. C/in Res 30:554A, I 982
(abst)

682 THE JOURNAL OF NUCLEAR MEDICINE




