
he clinical manifestations of pheochromocytoma are
highly varied (1â€”3),but biochemical confirmation of the
diagnosis is now readily possible using plasma (4,5) and
urinary (4,6) catecholamine measurements. Plasma
chromogranin A levels may be another useful marker for
the presence of pheochromocytoma (7,8). Successful
therapy then hinges on accurate location of all tumors
thus permitting their extirpation (1â€”3).

Once a diagnosis of pheochromocytoma has been
made, locating the tumor, which may be multiple, is
sometimes difficult and often uncertain despite the in
troduction of computed tomography (9â€”11) and high
resolution ultrasound (12). Adrenal lesions less than 2
cm in diam and some extra-adrenal lesions considerably
larger than 2 cm in diam are frequently not visualized
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by computed tomography (9-1 1). Angiographic dem
onstration of tumors frequently identify adrenal lesions,
but in the case of extra-adrenal lesions, this approach
may be thwarted if selective injection of the feeding
vesselsisnot possible(13,14).Venographywithmultiple
sampling of venous effluent for catecholamine concen
trations sometimes discloses the anatomic level of a
pheochromocytoma but is both invasive and cumbersome
(1 1,15,16). Any of the radiological procedures which
require the injection of contrast material carry a small
but appreciable risk of allergic reactions and hyperten
sive crisis in patients not adequately pretreated with
alpha blockers (I ,13).

The major persisting problems in tumor location are:
detecting adrenal hyperplasia and small adrenal pheo
chromocytomas in patients with Multiple Endocrine
Neoplasia (MEN) Type 2 who are at high risk for these
lesions (17), uncovering extra-adrenal pheochromocy
tomas (18), locating residual and/or recurrent tumor at
sites of previous operations where tissue planes, and
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The efficacyof the newlydevelopedpheochromocytoma-seeking
radiopharmaceutical,[1311]MIBG,wasexaminedinthe first400 patients(441 studies)
investigated for suspected pheochromocytoma at our institution. The results of
[131IIMIBGscintigraphywereclassifiedastruepositive,falsepositive,truenegative,
andfalsenegative.Usingthisclassificationthesensitivitywasfoundtobe78.4% in
primary, sporadic pheochromocytoma, 92.4% in malignant pheochromocytoma, and
94.3 % in familial pheochromocytoma giving an overall sensitivity of 87.4 % . The
specificity was 98.9% in primary, sporadic pheochromocytoma, 100% in malignant
pheochromocytoma, and 100% in familial pheochromocytoma. The overall specificity
was 98.9% . lodine-131 MIBGscintigraphywasthusfoundto be a safe, noninvasive,
and efficacious technique for the location of pheochromocytomas, especially for
those arising from nonadrenal sites, recurring postoperatively, and exhibiting
malignant metastatic disease. We find that, where available, [1311]MIBGscintigraphy
Is the study of choice to initiate the location of suspected pheochromocytoma.
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samples by the technique of von Euler and Lishajko (30)
and were expressed in .tg/24 hr.

Iodine-131 MIBG scintigraphy
Iodine-i 31 MIBG was synthesized by the method of

Wieland et al. (31 ) and had a specific activity of at least
I .8 mCi/mg and was administered by slow i.v. injection
over a period of 10â€”20sec in a buffered bacteriostatic
saline (pH 5.5) with a specific concentration of at least
0.5 mCi/mi. The dose was 0.5 mCi/i .7 m2 body surface
area to a maximum of0.5 mCi. The uptake of free 1311
by the thyroid was minimized by the administration of
Lugoi's solution, 40 mg/day or saturated solution of KI
120 mg/day, beginning the day before and continuing
for 7 days after the administration of [â€˜31I]MIBG(23).
Using this regime, thyroidal uptake of free â€˜@ â€˜I was
seldomvisible(<5% ofcases) on the imageobtainedof
the posterior head, neck, and upper thorax. Faint thyroid
uptake of free I @â€˜Icould be discerned in 70% of cases in
which an anterior neck view was obtained.

Images were obtained using a large-field-of-view
gamma camera with high-energy, parallel-hole colli
mator and interfaced to a dedicated minicomputer.
Multiple overlappingimages from the skull to the un
nary bladder were obtained. Images containing 100,000
counts and were displayed as analog and digitized images
on film (23). A small number (32) of earlier studies were
performed in which images contained 50,000 counts and
were displayed on polaroid. Anatomical orientation was
provided by surface markers (â€˜37Ba)and in selected
cases by scintigraphy of other organs; kidney by tech
netium-99m diethylenetniaminepentaacetic acid
([99mTc]DTPA); liver and spleen by sulfur coiloid;
myocardium by thallium-201 ; cardiac blood pool by
99mTc..labeledred blood cells (23,26,28). Studies were
performed at I day only (three studies), 2 days only (43
studies), 3 days only (two studies), 1 and 2 days (88
studies), 1 and 3 days (five studies), 2 and 3 days (44
studies) but subsequent experiencehas been obtained
with images at 1, 2, and 3 days (256 studies) (Total
441 â€”Tables 2 and 3 based on these 441 studies).

The totals of Tables 2A-C add up to more than 441
studies (45 1 in Table 2D) because some cases are re
presented more than once (e.g., both familial and ma
lignant). The total number of patients in Table 2Aâ€”C
adds up to more than 400 patients (421 in Table 2D)
becausecertain patients werestudiedat different times
(e.g., having a true-positive scan preoperatively and a
true-negative scan following successful curative
surgery).

The criteria for the efficacy of [â€@̃â€˜I] MIBG scinti
graphy was based on the following preliminary
experience (32).

Normal scintigraphic appearances (32)
In patients in whom the clinical history, examination,

vascular anatomy are disrupted and where metallic clips
degrade computed tomographic images (9) and in the
detection and delineation of spread of malignant pheo
chromocytoma (19,20).

The development of the guanethidine analog iodine
I3 1 metaiodobenzylguanidine ([â€˜311]MIBG),provides
a safe, specific, and noninvasive technique for locating
pheochromocytomas, and it has been found effective in
solving many of the problems mentioned above (21â€”28).
We report here our experience with 441 studies (400
cases) of suspected pheochromocytoma studied with
[131I]MIBGscintigraphy.

MATERIALS AND METHODS

Patient population
All patients were referred for study between June

1980and November 1983 because of suspicion that they
harbored a pheochromocytoma on the basis of hyper
tension and/or spells characterized by headache,
sweating, palpitations, anxiety or tremor, or were at high
risk because of a family history of MEN Type 2a or 2b
or of neurofibromatosis. Before referral for our evalua
tion, the majority of patients had one or more abnormal
measurement of the plasma catecholamine concentra
tions or urinary catecholamine or catecholamine me
tabolite excretion rates, these having been determined
by a wide range of assay procedures and samples having
been collected under a variety of circumstances.

Before scintigraphy, all patients were subjected to a
detailed history with special emphasis being directed
towards a history of â€œspellsâ€•or hypertension and of
conditions known to be associated with pheochromocy
toma. On physical examination, special emphasis was
placed on relevant signs; pulse and blood pressure in the
supine and erect positions, abdominal masses and fea
tures that might indicate an inherited tendency toward
pheochromocytomas, neurofibromatosis, cafe au lait
spots, goiter, and retinal angiomatosis.

For 38 patients, studies were repeated (in several cases
more than once). These included: nine in which scm
tigraphy was performed before and after resection of
pheochromocytoma; six in which scintigraphy was per
formed in MEN patients with evolving medullary hy
perplasia; six in whom initial studies were negative
but suspicion remained high; and I7 patients with
positive initial scans which were repeated for
confirmation.

Catecholamine measurements
The plasma concentrations of epinephrine and nor

epinephrine were measured by radioenzymatic assay on
samples obtained after an overnight fast, the patient
having been recumbent for at least half an hour with an
indwelling venous cannula in situ (29). The urinary cx
cretion rates of catecholamines and catecholamine met
abolites were determined on 12-hr, overnight urine
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FIGURE1
Spectrum of adrenal uptake of [131l]MIBGin Multiple Endo
crine NeoplasiaType 2 (MEN2). All are posterior abdominal
imagesobtainedat 48 hr after injection. A: Patientwith MEN
2aâ€”novisible [131l]MIBGadrenaluptake(@ede0).B: Patient
with MEN 2bâ€”minimalbilateral [131IJMlBGuptake (&ade
I on left and Grade2 on right).C: Patientwith MEN 2aâ€”
prominent bilateral adrenal uptake of [131lJMlBG(grade 3).
Adrenal uptake indicated by arrows.

and plasma and urinary catecholamines were felt to
exclude pheochromocytoma and were thus designated
â€œnormal,â€•the scintigraphic appearances included sig
nificant uptake in the salivary glands (33), liven,spleen,
and urinary bladder in almost all cases (32). Less fre
quent and less intense uptake was also noted in the left
ventricle, lung bases, and colon. All the uptake in these
organs was most prominent at 24 hr and diminished
progressively thereafter to 72 hr. The thyroid uptake of
free iodine was prominent in those small number of pa
tients where blockade by the administration of iodides
was inadvertently omitted. The normal adrenal medulla
was not visualized at 24 hr but faint (less than liver)
uptake was noted in up to 16% of patients at 48 hr and
in some cases this persisted to 72 hr (23,32). Figure 1
portrays the range of intensity used to grade the intensity
of adrenal medullary [13â€˜IJMIBGuptake (32).

Scintigraphic appearances of pheochromocytoma
In contrast to the normal adrenal medulla, intra
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adrenal pheochromocytomas manifested as intense focal
uptake, often being the most intense area in the body
and, in all but a very small minority, being well marked
at 24 hr. Extra-adrenal or metastatic lesions manifested
as focal areas of [â€˜31I]MIBGuptake in sites not seen in
the â€œnormalâ€•patients.Allareasof uptakecorresponding
to pheochromocytomas, with only a few exceptions, be
came increasingly well defined between 24 and 72 hr as
background activity diminished (23,32).

Scintigraphic appearances in patients with a genetic
predisposition to pheochromocytoma

Patients from MEN Type 2a or 2b kindreds, as cx
pected, demonstrated a spectrum of scintigraphic find
ings in keeping with the evolution of adrenal medullas
from normal to hyperplasia to frank pheochromocytoma.
The results ranged from no visible uptake through faint
bilateral uptake (not distinguishable from that obtained
in a minority of normal individuals) to strikingly in
creased symmetrical or asymmetrical bilateral uptake.
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The MIBG uptake would appear to correlate with the
increasing stages of adrenomedullary hyperfunction, in
which at early stages biochemical indices are only mm
imally deranged (22,32). Patients with hypertension and
neurofibromatosis were found in some cases to have
pheochromocytomas; in all but one, these were unilateral
adrenal lesions [the one exception being bilateral adrenal
pheochromocytomas (25)J. A negative MIBG scan was
also useful in other hypertensive patients with neurofi
bromatosis in which causes of hypertension other than
pheochromocytoma (e.g., coarctation and renal artery
stenosis) were present or in which mass lesions other than
pheochromocytoma occurred (e.g., splenic artery
aneurysm) (25).

Criteria of evaluation of efficacy of['311]MIBG
scintigraphy

I. For primary pheochromocytomas (excluding
members ofMEN 2 kindreds)

A. True positive
1. Abnormal [â€˜31I]MIBGuptake unequivocal (if

adrenal greater than grade 2) (32).
2. Confirmation of the presence of a pheochromo

cytoma by:
a. Histology of resected lesions, or b and c:
b. Unequivocal depiction of a tumor by one or

more radiological techniques (CT, angiogra
phy, venography with venous sampling);

c. Plasma norepinephrine concentration >2,000
pg/ml; and

d. Comparable abnormalities (>5 s.d. above the
mean normal values) of urinary norepineph
rine, normetanephrine and/or vanillylman
delic acid (VMA) excretionrates.

In a small group of patients (I 2 cases, 15 studies over
all) the abnormal site of [â€˜31I]MIBGuptake was faint
and questionable in the case of foci outside the adrenal
region or in the case of the adrenal medulla just above
grade 2 uptake (32). Such cases were graded as true
positive and the criteria for the confirmation of the
presenceof pheochromocytomawereas for IA above.

B. True negative
1. No abnormal focus of [â€˜31IJMIBGuptake and

adrenal [â€˜31IJMIBGuptake within normal limits
(grade 2 or less) (32), plus

2. The confirmation of absence of pheochromocy
toma by the following:
a. Plasma norepinephrine concentration <600

pg/ml and normal urinary excretion rates of
norepinephrine, normetanephrine and/or
VMA, and at least b or c:

b. Normal abdominal CT scan;
c. Noncharacteristic history.

A significant number of patients (82 cases, 83 studies
overall) were classified as true negative with a somewhat
lesser degree ofcertainty (e.g., Table 2A). Like the pa
tients in lB above there was:

I. No abnormal foci of [â€˜31I]MIBGuptake and
adrenal [â€˜311]MIBGuptake within normal limits,
grade 2 or less (32). However,

2. Confirmation of the probable absence of a
pheochromocytoma by two or more of the
following:
a. Plasmanorepinephrineconcentrationbetween

600and 2,000pg/ml and/or urinaryexcretion
rates of norepinephrine, normetanephrine
andJ.of@VMAnot more than borderline dc
vated (between 1 and 5 s.d. above mean nor
mal values). These minimal-to-moderate
biochemical abnormalities could in most cases
be ascribed to the administration of drugs
(e.g., phenoxybenzamine or diuretics) and/or
various disease processes (e.g., congestive
cardiac failure);

b. Normal results from abdominal CT;
c. Nonlocalizingvena caval catheterization/or

angiography;
d. Noncharacteristic history.

C. False positive
1. Abnormal [â€˜31I]MIBGuptake intense (or adrenal

uptake greater than grade 2) (32), plus
2. Confirmation of the absence of a pheochromo

cytoma at the site of [â€˜311]MIBGuptake by:
a. Histology of the resected lesion (e.g., lesion

other than pheochromocytoma or closely re
lated tumor), or both b and c:

b. Normal plasma norepinephrine concentrations
<600 pg/ml and normal urinary excretion
rates of norepinephrine, normetanephrine
and/or VMA;

c. Normal abdominalCT scan.
D. False negative

1. No abnormal foci of [â€˜31I]MIBGuptake and
adrenal [â€˜31I]MIBGuptake within normal limits,
(less than grade 2) (32), plus

2. Confirmation of the presence of a pheochromo
cytoma by:
a. Histology of resected lesion or both of the

following:
b. Unequivocal visualization of the tumor(s) by

one or more radiological techniques (CT, an
giography, venography with venous sam
pling);

c. Plasma norepinephrine concentration >2,000
pg/ml and comparable abnormalities of un
nary norepinephrine,normetanephnineand/or
YMA excretionrates (>5 s.d. above the mean
normal values).
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II. For malignant pheochromocytomas
The criteria used were as for sporadic primary pheo

chromocytomas, with the following additional modifi
cations:

Iodine-l31 MIBG uptake may:
a. Revealmore regionsof involvementthan con

ventional radiologicaltechniques;
b. Reveal all the regionsof involvementseen by

other techniques;
c. Revealonly someof the regionsseen by other

techniques; or
d. Fail to be taken up by any lesions which were

confirmed to be present biochemically or by
other diagnostic modalities.

Parts a and b are classified as true positives. Part c is
classified as true positive unless [â€˜31I]MIBGfailed to
reveal a lesion which by the nature of its location was
critical to management. In the latter instancesthe scan
was classified as false negative even if it demonstrated
the unequivocal presence of metastatic disease in other
sites. Part d is classified as false negative.

III. For patientsfrom multiple endocrine neoplasia
kindreds which differedfrom that in the above
groupsinthat:

a. Increased [â€˜31I]MIBGuptake by the adrenals may
be observed in genetically predisposedpersonsat
a time when all plasma and urinary measurements
are normal or nearly normal (22,32);

b. Patients with MEN-2 syndromes differ in their
expression of pheochromocytomas only in that the
early onset of hyperfunction in the adrenal me
dullas (hyperplasia, a precursor of pheochromo
cytoma) may be impossible to detect by clinical,
biochemical, or radiologic information. Thus,
modest increases in uptake of [â€˜31I]MIBGby the
adrenal medullas in patients with MEN-2a or
MEN-2b may be the earliest evidence of pheo
chromocytoma (22). Such scintigraphic abnor
malities were considered positive without confir
matory data from other studies. Otherwise, the
criteria were the same as for patients suspected of
having sporadic pheochromocytomas; and

c. In one patient having a large pheochromocytoma
detected by [1311]MIBGin one adrenalgland and
a minute focusof pheochromocytomain the con
tralateral gland not detected by [â€˜31IJMIBG
scintigraphy the patient was scored as both true
positive and false negative (that is each lesion
treated separately, as the large lesion posed an
immediate problemand the small lesiona future
problem).

Data analysis
The scans are divided into true-positive, true-negative,

false-positive, and false-negative groups.

The certain â€œtrue-negativeâ€•patients, as described in
the criteriaforevaluation,had normal[â€˜311]MIBGscans
and no radiological evidence of pheochromocytoma, but
had abnormalities of catecholamine values (usually in
plasma) which, although not normal, were not diagnostic
of pheochromocytoma. Many of these patients have had
multiple subsequent localizing procedures, yet on fol
low-up evaluation, as long as 3â€˜/2yr in some cases, none
has been found to have a pheochromocytoma.These
minor elevations in catecholamine values above the
â€œnormalrangeâ€•in this group probably reflect the fact
that the â€œnormalâ€•range is defined for healthy adults
(usually young) and does not take into account the ef
fects of age, stress of multiple illnesses which were often
present in this group, and the effects of drugs (e.g., so
dium depletiondue to diuretics and the administration
of a adrenergic blocking drugs used for control of hy
pertension).Theformulaeusedforsensitivity,specificity,
and predictive accuracy are presented in Table 1.

No side effects were observed in any of the patients
following the administration of [â€˜311]MIBG.In addition
to the 400 cases presented in this publication, three
studies wereexcludedfrom further evaluationbecause
the patients were receiving tnicyclic antidepressants at
the time (33). Three patients with nonfunctioning gb
mus jugulare tumors and three patients with neuro
blastomas were also studied but these were excluded
from further consideration since in none of these cases
was the possibility of pheochromocytoma seriously en
tertained.

The overall results of [â€˜31I]MIBGscintigraphy are
presented in Tables 2A-D. A number of the categories
may encompass some of the cases; thus, for instance, a
patient may appear under both the malignant and
familial classifications.

= True Positive

TruePositive+ FalseNegative
TrueNegative

2. Specificity = TrueNegative+ FalsePositive
True Positive

3. PositivePredictiveAccuracy
TruePositive+ FalsePositive

4. NegativePredictiveAccuracy= T@ Negative

TrueNegative+ FalseNegative
= True Positive + False Negative

TotalPatients

RESULTS

TABLEI
Data Analysis

Formulae Used In Analyzing Results

1. Sensitivity

5. Prevalence
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TrueTrueFalseFalseItem
PositiveNegativeNegativePositive Total

. Number of patients (number of studies).

t Noncatecholamine-secreting retroperftoneal neuroendocrine tumor one; adrenal metastasis of choriocarcinoma one; unknown

cause= one(possiblydilatedrenalpelvis).
t Includesone patient with Carney's triad and an extra-adrenalpheochromocytomaanterior to the arch of the aorta.
Â§Catecholamine-secretingcarotid bodytUmOrS two.
I AllpatientsInwhomfalse-negativescanswereobtainedbutInwhomnolocalizingprocedurecoulddeterminethesiteofthelesion

are includedwiththeprimarybenigngroup(thesecasesarefalsenegativetomultiplecombinationsofCT,angiographyandvenous
sampling).

. . All patients in whom pheochromocytomas could not be demonstrated are included with the primary benign group.

Results ofTABLE
2B

[131I]MIBGIn 53 Patients Suspected of
Malignant Pheochromocytoma

True True FalseFalseHavingItemPositive
Negative Negative PositiveTotal

. Number of patient (number of studies).

t MEN 2 = three; Neurofibromatosis one; VonHipple-Lindau

= two; Familial in the absence of obvious syndrome two.

z Negative following resection (image was positive preopera
tively).Onlyevidencefor malignancyandresidualtumorwasml
croscopicmetastasesnotedinadjacentlymphnodesremovedat
surgery;at presentthispatientis freeof diseasebyall criteriabut
subjectto ongoingfollow-up.

TABLE2A
Results of [131l]MIBGin 312 Patientswith Suspected Primary Benign Pheochromocytoma

Suspectedprimarybenignpheochromocytoma
(excludingfamilialandmalignant)

a. lntra-a&enal
Intra-unilateral
Intra-bilateral

b. Extra-adrenal
Intra-abdominal

C. Extra-adrenal
Extra-abdominal

d. Unknownsite1
e. Suspected

pheochromocytoma
I) Not present'
ii) Probablynot

present
f. Total

21(23)0 (0)2 (3)2 (2)t25(28)2
(2)0 (0)0 (0)0(0)2(2)4(4)0(0)2(3)1(1)t7(8)8@(11)0(0)2(2)@0(0)10(13)0(0)0(0)3(3)0(0)3(3)

0(0) 189(192) 0(0) 0(0) 189(192)

0 (0) 76(76) 0 (0) 0 (0) 76(76)
35(40) 265(268) 9 (11) 3 (3)t 312(322)

A. Primarybenign pheochromocytomas:This group
excludes malignant lesions, patients from MEN kin
dreds, patients with neurofibromatosis, Von Hipple
Lindau disease, and familial pheochromocytomas in the
absence of a named syndrome. The patients in whom
there is a familial predisposition to pheochromocytoma
are presented in more detail under Section C of Table
2. Patients in whom pheochromocytoma was suspected
but excluded or probably excluded (true negative) are
presented in Section A of Table 2 (except for patients
from MEN kindreds and other predisposing syn
dromes).

The intra-adrenal pheochromocytoma patients totaled
23 cases of which 12 were right-sided, nine left-sided and
two bilateral. The abdominal extra-adrenal lesions
consistedof fivepararenallesions(twofalsenegativeand
three true positive), one para-adrenal lesion and one
para-aortic lesion (organ of Zuckerkandl). There were
eight primary paracardiac extra-abdominal lesions (six
occurring from the cardiac atnia,one from the aortico
pulmonary window and one from the arch of the
aorta).

In patients in whom benign, recurrent pheochromo
cytoma was present, [â€˜31I]MIBGscintigraphy was
successful in seven and falsely negative in four.

B. Malignant pheochromocytomas are presented
in Section B of Table 2 and are divided into sporadic and

familial subgroups. (Note that sensitivity is higher for
these patients than for those with sporadic pheochro
mocytomas.)

C. The patients from families with a predisposition
to pheochromocytoma (vide supra) are presented in
Section C of Table 2 and are divided into MEN, neuro

Malignantpheochromo

cytomaa.
Sporadic39 (53)@0 (0)4 (4)0 (0)43(57)b.
Familialt8 (8)1 (1)@1 (1)0(0)10(10)C.
Total47(61)1(1)5(5)0(0)53(67)
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amilialPredisoositiontoPheochromocvtomaTrueTrueFalseFalseRem

PositiveNegativeNegativePositive Total

Numberof patients(numberof studies).
. Positive for pheochromocytoma or medullary hyperplasla.

t One patient had large lesion in one adrenal which posed the immediate problem and which was detected while there was another

smallfocusof pheochromocytomaInthecontralateraladrenalwhichwouldhaveposeda futureproblemandthiscasehasbeenclassified
as true positive for the large lesion and false negative for the other. Malignant in three cases.

* 37 patients studiedâ€”several had more than one study (e.g., true positive preoperatively followed by true negative following bilateral

adrenalectomy; or equivocal positive evolving to true positive with the passageof time).
Â§One bilateral and one malignant case.
I Includesa postoperativescanina patientwithbilateraladrenalpheochromocytoma.
. . Von Hipple-Lindau and familial pheochromocytoma in the absence of an obvious syndrome.

tt One patient with Von Hipple-Undau (malignant), three patients with familial pheochromocytomas unassociated with a syndrome

(tworightrenalhilum,oneof whichwasmalignant)andonefromthe bladder(whichwasalsomalignant).
U One patient with Von Hipple-IJndau.

TABLE2C
Resultsof [131l]MIBGin 56 Patientswitha F

Familialtendencyto pheochromocytoma(Includesmalignant)a)MEN120
(23)t15 (16)2 (2)t0 (0)37(41)tb)Neurofibromatosis5(5)@9(10)@0(0)0(0)14(15)c)Other'4(5)141(1)tt0(0)0(0)5(6)d)Total29

(33)25 (27)2 (2)0 (0)56 (62)

fibromatosis and others (seven of the patients with ma
lignant lesions also appear in Section B). The MEN
patients differed from those in Section A in that many
were completely or nearly asymptomatic when studied.
The MEN patients were also less symptomatic than the
other familial cases studied.

There were a total of 37 patients from MEN 2 kin
dreds.Twopatientswereunaffectedmembersofa MEN
2a kindred and were true negative by scintigraphy as
were 11scans performed on affected patients following
successful bilateral adrenalectomy. A number of patients
had more than one scan; e.g., a patient whose scan was
true positive but had a true negative scan following
successful bilateral adrenalectomy. Three patients (all
MEN 2a) had malignant metastatic pheochromo
cytoma.

DISCUSSION

We have shown the new radiopharmaceutical,
[â€˜31I]MIBG,to be a safe and efficacious means of bo
cating a wide range ofpheochromocytoma (21-28). This
experience has been verified by a number of independent
investigators (34â€”37).In a substantial number (22% of
cases with pheochromocytoma) of patients, conventional
imaging techniques had failed to locate the lesions which
were revealed by scintigraphy. This was especially true
in cases of recurrent disease for whom surgical clips and
surgical distortionof normal tissueplanesrenderedCT
suboptimal (24). Also, for middle mediastinal tumors
(27,28) and in some malignant metastatic disease,
[â€˜31I]MIBGscintigraphy proved more sensitive than
conventional x-ray or scintigraphic procedures (26). The

patients having false-negative scintigrams had lesions
which were somewhat more frequently extra-adrenal
abdominal (e.g., para renal) in location but did not differ
significantly in biochemical or histological character
istics from lesions in similar sites which were well
demonstrated by scintigraphy.

Comparison of our findings with [â€˜311]MIBGscm
tigraphy and other imaging modalities is difficult. The
patient population was in many cases preselected so that
patients in which conventional modalities failed are over
represented (note the large proportion of malignant and
extra-adrenal lesions). Certainly in the abdomen and
especially in the adrenal glands, CT is highly efficacious
(9,10,38) with sensitivity and specificity exceeding 90%.
In the case ofsporadic intra-adrenal lesions, [â€˜31I]MIBG
scintigraphy is probably no better than CT. The scm
tigraphic approachappears to besuperiorin the caseof
extra-adrenal, recurrent, and malignant lesions
(21,23-28,38).

The uptake of [â€˜31I]MIBGby pheochromocytoma is
quite variablerangingfromnodetectableactivity(hence
the false-negative scans) through minimal uptake to
intense uptake (true positive). These patterns of uptake
occur in tumors which are apparently indistinguishable
from each other in terms of location, histology, and
measurements of plasma catecholamine concentrations
and urinary catecholamine and catecholamine metab
olite excretion. The uptake of [â€˜31I]MIBGby sympa
thetic tissueis believedto be due to activeuptake by the
so-called Type I catecholamine uptake mechanism and
subsequent storage in catecholamine storage grannules
(31 ). Such an uptake and storage mechanism may not
alwaysparallel the synthesisand secretionof catechol
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instances (and no more than 1.0 mCi in exceptional
circumstances). In the face of a negative [â€˜231]MIBG
scan in a patient with very strong clinical and biochem
ical evidence of a pheochromocytoma, [1231]MIBG
might be usefully employed. Ten millicuries of
[â€˜23IJMIBGhave a radiation dosimetry similar to that
of 0.5 mCi [â€˜31I]MIBGand provide a greatly increased
useful photon flux (44). Where [â€˜31I]MIBGis not
available and the referral of the patient is impractical,
CT (first of the adrenal area and then the remainderof
the abdomen, the pelvis, chest, and neck) is the invest
igation most likely to be successful. If CT fails to locate
the lesion, venous sampling would provide an invasive
alternative approach.

Neither [â€˜31I}MIBGscintigraphy nor any other
imaging procedure should be an initial screening test for
diagnosis of pheochromocytoma and patients selected
for study should be those in whom there is a reasonable
suspicion of pheochromocytoma based on the presence
of (a) labile, severe, or uncontrolled hypertension and/or
spells manifested by headache, palpitations, sweating,
or abdominal pain; and/or (b) basal plasma norepi
nephrine > 600 pg/mb, epinephrine > 150 pg/mI and/or
persistent urinary excretion rates for catecholamines that
are greater than 3 s.d. above the mean for normal
subjects; but also in (c) patients in whom there is his
tonical, clinical, or laboratory evidence for syndromes
in which pheochromocytomas occur with increased
frequency (MEN 2a or 2b, neurofibromatosis and Von
Hipple-Lindau disease) but who manifest only minor
symptoms and/or intermittent or borderline laboratory
abnormalities for pheochromocytoma.

Even when such criteria are applied, a substantial
number of patients not suffering from pheochromocy
toma will inevitably be imaged. In our hands, when the
biochemical tests for catechobamines (blood obtained
when the patient was fasting and recumbent, assayed
by the radioenzymatic method, and urine obtained
overnight under unstressed conditions) gave normal or
borderline results in patients, the vast majority would
exhibit negative [â€˜31I]MIBGscans. Most of these pa
tients were referred because of abnormal biochemical
data when these were obtained under less rigorous con
ditions. In our experience, patients with symptoms not
typical of pheochromocytoma and with normal cate
cholamine values never harbored pheochromo
cytomas.

The initial suggestion that [â€˜311]MIBGwas taken up
exclusively by pheochromocytomas (21 ,22) must be
tempered by (a) the fact that in the present series, two
nonpheochromocytoma tumors were imaged; and (b) the
reports of [â€˜311]MIBGuptake in neuroblastomas
(39,40), carcinoid tumors (41 ), and nonfunctioning
paragangliomas (42). Iodine-l31 might be better de
scnibed as a neuroendocnine or APUDoma-seeking ra
diopharmaceutical. This should be recognized when

TABLE3
Data Analysis(Basedon Numberof StudiesPerformed)

A. Suspectedprimarybenignpheochromocytoma(excluding
familialandmalignant)
Sensltlvity= 78.4%
Specificity= 98.9%
PositivePredictiveAccuracy 93.0%
NegativePredictiveAccuracy 96.1%
Prevalence= 15.8%

B. Malignantpheochromocytoma(sporadicand familial)
Sensitivity= 92.4%
Specificity= 100.0%
PositivePredictiveAccuracy 100.0%
NegativePredictiveAccuracy 16.7%
Prevalence= 98.5%

C Familial(includingMEN)
Sensitivity= 94.3%
Specificity= 100.0%
PositivePredictiveAccuracy 100.0%
NegativePredictiveAccuracy 93.1%
Prevalence= 56.5%

D. MENalone
Sensitivity= 92.0%
Specificity= 100.0%
PositivePredictiveAccuracy 100.0%
NegativePredictiveAccuracy 88.9%
Prevalence= 60.9%

. Prevalence in respective subgroups A to D.

amines. Indeed there is now evidence that [â€˜311]MIBG
uptake may occur in a range of neuroendocnine tumors,
including neuroblastoma (39,40), carcinoid tumors (41),
and nonsecreting paragangliomas (42). We have found
that in all cases thus far examined, tumors which have
taken up [â€˜31IJMIBGdemonstrated positive immuno
histochemical staining for chromogranin A. The pres
ence of this material is a marker for the neuroendocrine
nature of the tumors (7,8) and the relationship of plasma
chromogranin A levels to tumor uptake of pheochro
mocytoma remains to be explored.

We suggest that, where available, [â€˜31IIMIBGscm
tigraphy is the best initial procedure for locating pheo
chromocytomas (43). CT and angiographymay provide
better anatomical resolution but are not well suited for
screening the entire body and should be reserved for
confirmation and detailed delineation of anatomical
relations in cases with a positive scan or to search for
suspected tumors where, despite a negative [131I]MIBG
scan, the level of suspicion remains high (38). Even in
cases where an anatomical abnormality has been dem
onstrated by radiological means, [â€˜311]MIBGscinti
graphy may still be useful in disclosing unsuspected
metastatic or multicentric disease or in excluding this
unusual but by no means rare occurrence (26,28).

Iodine-l 31 MIBG is relatively inexpensive and has a
2-wk shelf life. The unfavorable dosimetric character
istics of 1311,however, limit the dose to 0.5 mCi in most
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TPFPtTNtFN@TotalReference1Michigan(overall)

111329116421â€”Southampton
2112134634Mayo

Clinic1512244236Tours
811712737(Combined

Germanexperience)561126819135a

TP TruePositive.t

FP FalsePositive.t

TN TrueNegative.Â§

FN FalseNegative.I
Based on number of cases studied (Table20).NumberSens'SpectNeg@

POAPostsPDAPrevalenceReference1Michigan

(overall)42187.498.994.897.430.2â€”Southampton
46889588955234MayoClinic
42799685944536Tours
27899494893337(Combined

Germanexperience)191889994983435.

SansSensitivity.t

SpecSpecificity.*

Nag PDA = Negative PredictiveAccuracy.Â§

Post PDA = Positive PredictiveAccuracy.I
Baserion numberof casesstudied(Table20).

TABLE4
Summary of Overall Result at University of Michigan and Comparison with Other Series

interpreting the scintigraphic images in the light of a

given patient's catecholamine values.
Those cases in which we demonstrated slight to

moderate biochemical abnormalities (insufficient for the
unequivocal diagnosis of pheochromocytoma) and in
whom the [â€˜31IJMIBGscan was negative and defined
as â€œpheochromocytomaprobably not presentâ€•present
a major uncertainty; they are the subject of an ongoing
investigation by means of clinical and biochemical fob
low-up and in some cases [â€˜231]MIBGscintigraphy (44),
CT, and whole-body venous sampling. To date, with up
to 3@/2yr follow-up in certain cases, no histologically
proven pheochromocytomas have come to light in this
group.

CONCLUSION

Scintigraphy with the new radiopharmaceutical
[â€˜311]MIBG permits a safe and efficacious means of
locating the majority of a wide range of pheochromo
cytomas and may have a role in the investigation of other
neuroendocrine tumors.

ACKNOWLEDGMENTS

Presented in part at the EuropeanNuclear MedicineCon
gress, Helsinki, August 14, 1984. Supported in part by the

followinggrants: NIAMDD 5P60 AM 20575, NCI 09015,
DHEW3M01 RR00042-22SI CLR,NIH ROlAM 21477,
ROl FD-01257,and the Nuclear Medicine Research Fund.
B.S. is the recipientof an NIH Clinical AssociatePhysician
Award (DHEW 3M01 RR00042-22S1CLR).

The authors wish to thank those physicianswho referred
patients for study as well as the fellows, house officers, tech
nicians, and nursing staff of the Division of Nuclear Medicine
and the ClinicalResearchCenter whomade this possible;Dr.
Thomas Mangner and Holly Anderson-Davisfor the manu
factureof [â€˜311]MIBG;the PhoenixMemorialLaboratoryfor
the useof their radiochemistryfacilities;and Ms.J. Boldtfor
typing the manuscript.

REFERENCES

I . Manger WM, Gifford RW: Hypertension secondary to
pheochromocytoma.Bull NY Acad Med 58:139- 158,
I982

2. VanHeerden JA, Sheps SG, Hamberger B, et al: Pheo
chromocytoma: Current status and changing trends.
Surgery 91:367â€”373,1982

3. Freier DT, EckhauserFE, Harrison FS: Pheochromo
cytoma:A persistentlyproblematicand still potentially
lethal disease.Arch Surg I I5:388â€”391,1980

4. BravoEL,Tarazi RC,GiffordRW,et al:Circulatingand
urinary catecholamines in pheochromocytoma:Diag
nostic and pathophysiologicalimplications.N Engl J
Med 301:682-686, 1979

584 Shapiro,Copp,Sisson et al TheJournalof NuclearMedicine



identification: Pre-operative assessment. Surgery 91:
374â€”376,1982

25. Kalff V, Shapiro B, Lloyd R, et al: The spectrum of
pheochromocytomain hypertensivepatients with neu
rofibromatosis.Arch Int Med 142:2092-2098,1982

26. Shapiro B, Sisson JC, Lloyd R, et al: Malignant pheo
chromocytoma:Clinical,biochemicaland scintigraphic
characterization. C/in Endocrinol 20:189-203, 1984

27. Shapiro B, Kalff V, Sisson JC, et al: Intrathoracic
pheochromocytoma: A diagnostic dilemma solved by
131-I-metaiodobenzylguanidine scintigraphy. Clin Res
30:722A, 1982 (abstr)

28. Shapiro B, Sisson JC, Kalff V, et al: The location of
middle mediastinal pheochromocytomas. J Thorac
CardiovascSurg87:814-820,1984

29. Peuler JD, Johnson GA: Simultaneous single isotope
radioenzymatic assay of plasma norepinephrine, epi
nephrineanddopamine. LifeSci 21:625-636, 1971

30. Von Euler US, Lishajko F: The estimation of catechol
amines in urine. Acta Physiol Scand 45:122â€”132,
I959

31. WielandDM, Wu J, BrownLE, Ctal: Radiolabeledad
renergic neuron-blocking agents: Adrenomedullary
imaging with l31-I-iodobenzylguanidine. J Nucl Med
21:349â€”353,1980

32. Nakajo M, Shapiro B, Copp J, et al: The normal and
abnormal distributionof the adrenomedullaryimaging
agent m[I-l 31]iodobenzylguanidine( I31-I-MIBG) in
man: Evaluation by scintigraphy. J Nucl Med 24:
672â€”682,1983

33. Nakajo M, Shapiro B, SissonJC, et al: Salivarygland
accumulation of mets [131-I-] iodobenzylguanidine.
J NuclMed 25:2-6,1984

34. Ackery DM, Tippett P. Condon D, et al: New approach
to the localizationof phaeochromocytoma:Imagingwith
â€˜311-MIBG.BrMedJ 288:1587â€”1591,1984

35. Editorial: Clinical value of adrenomedullary scintigraphy
with 131-I-MIBG.NuclComp 14:318,1983

36. BrownML, ShepsSG, SizemoreG: MIBG in the eval
uation of suspected pheochromocytoma:Mayo Clinic
experience.J Nucl Med 25:P94, 1984 (abstr)

37. Baulieu JL, Guilbotauu C, Canbon C, et al: MIBG scm
tigraphy:A one-yearexperience.J Nucl Med 25:Pl 11,
I984 (abstr)

38. FrancisIR,GlazerGM,ShapiroB,et al:Complementary
rolesof CT scanningand 131-I-MIBGscintigraphyin
the diagnosisof pheochromocytoma.Am J Roentgenol
141:719â€”725,1983

39. Treuner J, FeineU, NiethammerD, et al: Scintigraphic
imaging of neuroblastoma with â€˜311-MIBG.Lancet i:
333â€”354,1984

40. KimmigB, BrandeisWE, EisenhutM: Scintigraphyof
neuroblastoma with l3l-I-MIBG. I Nuc! Med 25:
773â€”775,1984

41. Fischer M, Kamanabroo D, Sanderkamp H, et al:
Scintigraphic imaging of carcinoid tumours with I31-
I-MIBG.Lancetii:165,1984(lett)

42. Smit AJ, Van Essen LH, Hollema H, et al: 131-I-MIBG
uptake in a non-secretingparaganglioma.J NucI Med
25:984â€”986,1984

43. Shapiro B, Copp JE, Eyre P, et al: A newand efficient
approach to the diagnosisand locationof pheochromo
cytomas. C/in Res 32:300A, 1984 (abstr)

44. Lynn MD, Shapiro B, Sisson JC, et al: Portrayal of
pheochromocytomaand normalhumanadrenalmedulla
by I23-I-metaiodobenzylguanidine (123-I-MIBG).
J NuclMed 25:436-440,1984

5. Cryer PE: Physiology and pathophysiology of the human
sympathoadrenal neuroendocrine system. N Engi I Med
303:436-444,1980

6. Freier DI, Harrison IS: Rigorous biochemical criteria
for the diagnosis of pheochromocytoma.J Surg Res
14:177â€”180,1973

7. O'Connor DT, Bernstein KN: Radioimmunoassay of
chromograninA in plasma as a measure of exocytotic
sympathoadrenalactivityin normalsubjectsand patients
with pheochromocytoma. N Engl J Med 311:764-770,
I984

8. Landsberg L: Chromogranin A (Editorial). N Engl J
Med 311:794â€”795,1984

9. Stewart BH, BrownEL, Haagu J, et al: Localizationof
pheochromocytoma by computed tomography. N Engl
JMed 299:460-461,1978

10. Laursen K, Gamgaard-Pedersen K: CI for pheochro
mocytoma diagnosis. Am J Roentgenol 134:277-280,
1980

I I . DunnickNR, DoppmanJL, Gill JR. et al: Localization
of functionaladrenal tumors by computedtomography
and venoussampling.Radiology 142:429-433,1982

12. Bowerman RA, Silver TH, Jaffe Mi, et al: Sonography
of adrenal pheochromocytomas.Am J Roenigenol
137:1227â€”1231,1981

I3. Rossi P, Young IS, Panke WF: Techniques, usefulness
and hazards of arterography of pheochromocytoma:
Reviewof99 cases.JAMA 205:547-553, 1968

14. Kinkhabwala MN, Conradi H: Angiography of extra
adrenal pheochromocytoma. J Urol 108:666-668,
1972

I5. Harrison IS, Seaton RF, Cerney JC: Localization of
pheochromocytomabycavalcatheterization.ArchSurg
95:339â€”343,1967

16. Jones DH, Allison CA, Hamilton CA, et al: Selective
venous sampling in the diagnosis and localization of
pheochromocytoma. Clin Endocrinol 10:179-186,
I979

17. Sizemore GW, Heath H, Carney JA: Multiple endocrine
neoplasia type 2. Clin Endocrinol Metab 9:299-3 15,
I980

18. St John Sutton MG, Sheps SG, Lie JI: Prevalence of
clinically unsuspected pheochromocytoma: Review of
50 year autopsy series. Mayo C/in Proc 56:354-360,
1981

19. Mahoney EM, Harrison JH: Malignant pheochromo
cytoma: Clinical course and treatment. J Urol I 18:
225â€”229,1977

20. Melicow MM: One hundred cases of pheochromocytoma
(107 tumors) at the Columbia-Presbyterian Medical
Center, 1926â€”1976. A clinicopathobogicalanalysis.
Cancer40:1987â€”2004,1977

2 1. Sisson JC, Frager MS. Valk 1W, et al: Scintigraphic
localization of pheochromocytoma.N Engl J Med
305:12â€”17,1981

22. Valk 1W, Frager MS. Gross MD, Ct al: Spectrum of
pheochromocytoma in multiple endocrine neoplasia: A
scintigraphic portrayal using I31-I-metaiodobenzyl
guanidineAnnInt Med 94:762-767, 1981

23. Shapiro B, Sisson JC, Beierwaltes WH: Experience with
the use of 131-I-metaiodobenzylguanidinefor locating
pheochromocytomas. In Nuclear Medicine and Biology,
Vol. 2, Proceedings of the Third World Congress of
Nuclear Medicine and Biology, August 29â€”September
2, 1982, Paris, France. Paris, Pergamon Press,
pp 1264-1268

24. Kalff V, Sisson JC, Beierwaltes WH: Adrenal gland

585Volume26 â€¢Number6 â€¢June 1985




