
Iodine-131meta-iodobenzylguanidine([131IJMIBG)
isa radioiodinatedanalogofguanethidine,anadrenergic
blocking agent (1). The affinity of [â€˜31I]MIBGfor the
adrenal medullae has proven useful in the scintigraphic
localization of pheochromocytoma (2,3) and the as
sessment of adrenal medullary hyperplasia (4). It has
been suggested that radioiodinated MIBG may be taken
up and stored in adrenergic neurons by the same mech
anism as that for norepinephrine (NE) (5). It has also
been shown that the efflu.x ofNE from the isolated rabbit
heart differs between neuronal and extraneuronal
compartments (6); the efflux ofNE is more rapid from
the extraneuronal compartments than from the adren
ergic neuronal compartments. The efflux of guanethidine
(an analog of MIBG) from the extravesicular corn
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partments is also rapid in the rat heart (7). Therefore
MIBG would have similar effluxes to NE and guan
ethidine in vivo. This hypothesis prompted us to carry
out the present study.

We report here rapid clearance of [â€˜31I]MIBGac
tivity from the heart and liver of patients with adrenergic
dysfunction and pheochrornocytoma when compared
with that of controls. This finding suggests that MIBG
has different compartments in efflux as well as NE and
guanethidine and measurements of time activity provide
a method for assessment of adrenergic function by using
radioiodinated MIBG.

MATERIAlS AND METhODS

Subjects
The control group consisted of four male volunteers

and four patients without evidence of pheochromocy
toma and adrenergic dysfunction. The volunteers, ages
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lodine-131MIBG,a radiolabeledadrenergicneuron-blockingagent,decreasedrapidly
fromtheheartandliverof patientswithadrenergicdysfunction(n= 3)and
pheochromocytoma (n 2) when compared with eight controls. The 4-hr activity
expressedaspercentages(meanÂ±s.d.)of the 20-mmcountswereasfollows:
80 Â±3.0% in thecontrolscomparedwith60 Â±7.6% in thepatientsovertheheart
(p < 0.01) and79 :1:3.2% inthe controlscomparedwith51 Â±17% inthe patients
overthe liver(p < 0.02).However,therewasnosignificantdifferenceIntherateof
[1311]MIBGdecrease in these organs between controls and patients in the intervals
subsequentto 4 hr(p> 0.05).Thesefindingssuggestthatadrenergicneuronaluptake
of [â€˜31IIMIBGintheseorgansissmallerinthepatientsthaninthecontrols.
Measurements of time-activity relationships of radioiodlnated MIBG may be useful for
assessment of adrenergic function of these organs and thus of generalized disorders
of adrenergicinnervation.
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Patientno.
item 1 2 3

TABLEI
Clinical Data of Patients with Adrenergic Dysfunction

59/M
Multiplesystematrophy
Yes (30/2)
Yes

62/M
Shy-Drager'ssyndrome
Yes(100/35)
Yes
Yes
Yes
Yes
3yr

CHE0.63i@1PH(0.8-1.1)

LVH

55/M
Shy-Drager'ssyndrome
Yes(50/40)
Yes
Yes
Yes
Yes
4yr

Normal

Normal

Age/sex
Diagnosis
Orthostatichypotension
Urinaryandfecal incontinence
Sexualimpotence
Sweatingdisturbance
Pupildisturbance
Durationofabovesymptomsandsigns

Liverfunction@

EKG

Yes
No
Yes
lyr

ZTT15.8Ku.U(4â€”12)
.1-rI8.3Ku.U(<5)

Normal

Circulationtimet(armtotongue;l8sec25secl6secdehydrocholic

acid)(10â€”16sac)PlasmaNE(pg/ml)204161135Hormonal

PlasmaE(pg/mI)136043values
UrineNE(g/24Pw)1187050Urine

E (g/24hr)6.28.94.9Urine
VMA(mg/24l@)5.88.48.6

. (upper/lower): Different value (mm Hg) in systolic (upper) and diasystolic (lower) blood pressure between supine and sitting posi

tions.
t ( ): Normal range.

25-36 yr, were normal by history, physical examination,
electrocardiogram (EKG) and liver function tests except
for slight elevation of â€˜y-gammaglutamyl transpeptidase
in two of them. The other four patients, three males and
one female, ages 27â€”66yr, underwent [â€˜31I]MIBG
imaging in the course of diagnostic workup; two with
essential hypertension, one with lung cancer, and one
with mediastinal neurinoma. The latter two patients @vere
normal by EKG and liver function tests. However, EKG
showed left ventricular hypertrophy (LVH) in two with
essential hypertension and one of them had slightly ci
evated values of serum transaminases. In these subjects,
concentrations of plasma NE and epinephrine (E) in
supine position and/or excretion rates of urine cate
cholamines and vanillyimandelic acid (VMA) were all
within normal limits or slightly elevated; plasma NE:
134â€”354pg/mi, plasma E: 20â€”123pg/mi, urine NE:
36-70 zg/24 hr, urine E: 8-16 @g/24hr and urine
VMA: 4.1-7.3 mg/24 hr.

The adrenergic dysfunction group consisted of a male
patient with multiple system atrophy (8) and two with
Shy-Drager's syndrome (9). The clinical data of these
patients are summarized in Table 1; they had symp
toms and signs suggesting autonomic dysfunction in
ciuding orthostatic hypotension, urinary and fecal in
continence, sexual impotence and/or sweating distur

bance. Concentrations of plasma NE and E in supine
position and excretion rates ofunne catecholamines and
VMA were all within normal limits or slightly elevated.
However, plasma NE failed to increase on standing or
sitting in two with Shy-Drager's syndrome, while it in
creased 1.5 times on standing when compared with the
supine values in a patient with multiple system
atrophy.

We used a pharmacological interventionaltest of the
cardiovascular autonomic function as an assessment of
the autonomic function in these patients (10). In this test,
the following parameters can be estimated by responses
of pulse rate or blood pressure during successive intra
venous infusions of parasympathetic blocker atropine,
beta-receptor stimulant isoproterenol with atropine,
beta-receptor blocker propranolol with atropine,
alpha-stimulant phenylephrine and alpha-receptor
blocker phentolamine; parasympathetic tone, beta
sympathetic tone, beta-sensitivity, beta-secretion,
alpha-sympathetic tone, alpha-sensitivity, and alpha
secretion. The results of this test are shown in Table 2.
They show hypersensitivity of alpha-receptor and de
crease of catecholamine secretion onto alpha-receptor
sites in Patient 1, and decrease of parasympathetic tone,
severe hypersensitivity of alpha- and beta-receptors, and
decrease of catecholamine secretion onto both receptor
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ParameterPatient
no.123Parasympathetic

tone54728(36â€”59
beats/mm)Beta-sympathetic

tone27520(19â€”28
beats/mm)Beta-sensitivfty2.5006,2508,500(1500â€”3000

beats/@g/kg/mmnisoproterenol)Beta-secretion0.01080.00080.0024(0.006â€”0.012

zg/kg/minisoproterenol)Alpha-sympathetic

tone163040(8â€”14
mmHg)Alpha-sensitivity60550110(10â€”40

mmHg/ig/kg/minphenylephrine)Alpha-secretion0.270.0550.36(0.4â€”1.0

.tg/kg/minphenylephrine).

( ): Normal range.

thin layer chromatography (silica gel support, acetate/
ethanol(1:1),Rf [â€˜31IJMIBG= 0.07,Rf [â€˜31ljiodide

= 0.75).

The subjects received 0.4â€”0.7mCi (average dose: 0.5
mCi/subject) of [â€˜311]MIBGi.v. No side effects were
observed during or after its injection. Potassium iodide
300 mg a day was given orally to block uptake of â€˜@ â€˜I by
the thyroid glands on the day before its injection and for
6 days afterwards. Serial anterior chest images which
included the heart and liver were obtained using a
gamma camera equipped with a medium-energy, mul
tiparallel-hole collimator. Subjects were positioned
reproducibly utilizing marks of the collimator and skin.
A 30%window was used, centered at 364 keV. All data
were recorded by a nuclear medicine minicomputer for
display and semiquantitative analysis. Fourteen-minute
images were acquired sequentially on a 64 X 64 corn
puter matrix at 20, 50, and 125 mm and 4, 24, and 48 hr
after the tracer injection.

Data processing
After nine points smoothing, rectangular regions of

interest (ROIs) were set over the heart, liver, and upper
lung fields to obtain the time-activity relationships as
functions of time. The size of the ROl was determined
as maximum as possible over each organ or region in the
20-mm image with the smallest organs. It was 49 pixels
for the heart and each of the upper lung fields, and I 65
pixels for the liver, respectively, as shown in Fig. I . The
ROI over the liverofa patient with a right intra-adrenal
pheochromocytoma was set in the hepatic portions which
were free from the influence of activity originated from
the tumor.

The initial 20-mm counts of ROIs over the heart and
liver were normalized by average administered dose (0.5
mCi) and body weight (57 kg) to compare the activity
of these organs between control, adrenergic dysfunction,
and pheochromocytoma groups: The normalized ROl
counts = ROl counts X 0.5 mCI X body weight (kg)/
administered dose (mCi) X 57 kg. The [â€˜311]MIBG
time-activity of each organ was expressed as a percent
age of the 20-mm ROt counts because of difficulty of
absolute quantitation. The rate of [â€˜311]MIBGdecrease
of the heart and liver was calculated between neigh
boring acquisition times as follows: (x â€”y) X I 00%/xt,
where x is the activity of the earlier acquisition time, y
is the activity of the later acquisition time, and t is the
time interval (hr) between these neighboring acquisition
times.

Statistical analyses were performed using unpaired
t-test or linear regression and correlation with t-test.

RESULTS

Table 3 shows the 20-mm normalized ROl counts over
the heart and liver. There was little difference in the
mean value over the heart between control, adrenergic

TABLE2
Results of Pharmacological Interventional Test of

CardiovascularAutonomicFunctioninPatientswith
AdrenergicDysfunction

sites suggesting denervation hypersensitivity.
Two patients were proven hormonally and histologi

cally to have pheochromocytoma; a 59-yr-old male with
a right intra-adrenal pheochromocytoma 8 cm in diam
and a 54-yr-old female with an extra-adrenal pheo
chromocytoma 4 cm in diam which located at the para
aortic region inferior to the right kidney. These tumors
concentrated [â€˜311]MIBG.The preoperative hormonal
values of these patients were, respectively, as follows:
plasma NE: 1,300 pg/mI and 5,350 pg/mI, plasma E:
986 pg/mi and 126 pg/ml, urine NE: 426 @g/24hr and
232 @g/24hr, urine E: 395 zg/24 hr and 17 @zg/24hr,
and urine VMA: 28 mg/24 hr and 14.5 mg/24 hr. EKG
showed LVH in both of them and slight elevation of
lactate dehydrogenase was shown in one of them by liver
function tests.

In this study, plasma levels of NE and E were deter
mined by liquid-chromatographic methods (1 1). Rates
of urinary excretion of catecholamines and VMA were
determined by a method using high-speed ion exchange
column chromatography (12). Their normal ranges are
as follows: plasma NE: 40-350 pg/mI, plasma E: <120
pg/ml in supine position, urine NE: 10-90 zg/24 hr.
urine E: <12 zg/24 hr, and urine VMA:
2â€”12mg/24 hr.

Imaging methods
Iodine-131 MIBG was prepared according to the

method of Wieland et al. (1). The average specific ac
tivity was 1.9 @Ci/@g(0.6â€”3.9@iCi/j@g).The radio
chemical purity was greater than 95% as determined by
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TABLE3Mean
20-mmNormalizedROlCountsoverHeart andLiver'soupNHeartLiver

FIGURE 1
ROISover liver (1),heart (2),andupper
lungfields(3 and4) in [131l]MIBGan
tenorchestdigitalimage

dysfunction, and pheochromocytoma groups, whereas
the value over the liver was higher in the latter two
groups by about 110% than in the control group.

Table 4 shows the time activity and rate of
3 1I]MIGB decrease over the heart and liver. In both

organs, the adrenergic dysfunction and pheochromo
cytoma groups showed more rapid clearance in the pe
nod of 4 hr after the tracer injection than the control
group. The largest difference in activity was observed at
4 hr between the former two and control groups. The
mean 4-hr activity over the heart was 80% in the control
group, 57% in the adrenergic dysfunction group, and 65%
in the pheochromocytoma group. Over the liver, it was
79%, 43%, and 63%, respectively. These differences in

activity at 4 hr over the heart and liver between control
and the latter two groups were statistically significant
(p < 0,01 over the heart and p < 0.02 in the liver). The
largest difference in the rate of [â€˜31I]MIBGdecrease was
observed from 125 mm to 4 hr over both organs; over the
heart, the mean rate was 7.3%/hr in the control group,
17%/hrin theadrenergicdysfunctiongroupand14%/hr
in the pheochromocytoma group. Over the liver, it was
7.9%/hr, 22%/hr, and 15%/hr, respectively. These dif
ferences in the ratÃ§of [I31I]MIBG decrease between
control and the latter two groups were statistically sig
nificant (p < 0.05 over both organs). However, no sig
nificant differences in the rate were observed between
control and the latter two groups in the intervals
subsequent to 4 hr (p > 0.05 over both organs).

Figure 2 shows the activity changes of the heart and
liver from 20 mm to 4 hr observed in images of a control
and a patient with Shy-Drager's syndrome. The abrupt
change of activity in the heart and liver is evident in the
latter patient.

Figure 3 shows the heart-to- and liver-to-lung ratios
as functions of time. In both organs, the ratio increased
from 20 to 125 mm in the control group, whereas such
increase in ratio was slight in the pheochromocytoma
group and lacking in the heart or the ratio decreased in
the liver in adrenergic dysfunction group. The major
differences in the ratio between the heart and liver
are:

Control 8 11,506(9,225â€”
12,76i)t

Adrenergicdysfunction 3 10,920(8,084â€”
12,398)

Pheoctwomocytoma 2 11,186(10,386â€”
11,986)

57,362(50,798â€”
63,157)

64,806(60,241â€”
70,076)

62,493(58.251â€”
66.734)

e Counts/57 kg of body weight/0.5 mCi administered dose.

t ( ): Range.
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C D
FIGURE2
[131I]MIBGimages of anterior chest in normal control (A and B) and Patient2 with Shy-Drager'sSyndrOme(C and D), acquired
for 14mm.A andC; 20-mmimages,andBandD;4-hr images.Abruptdecreaseinactivftyof heartandliverisdemonstrated
inpatientwithShy-Drager'ssyndromewhencomparedwiththatofnormalcontrol

1. All groups showed almost the same 20-mm ratio
in the heart, whereas in the liver, the ratio was higher in
the adrenergic dysfunction and pheochromocytoma
groups than in the control group.

2. In general, decrease in the ratio is more rapid in the
liver than in the heart after 125 mm in all groups.

DISCUSSION

Meta-iodobenzlguanidine is thought to share the same

uptake, storage, and release mechanisms as NE in ad
renergic nerve terminals; however, it is not metabolized
by catechol-o-methyl transferase and monoamine oxi
dase and thus can be viewed as a â€œnonmetabolizableâ€•
NE (5). The evidences for adrenergic neuronal uptake
of radioiodinated MIBG were demonstrated by the
previous animal and human studies: Reserpine pre
treatment caused a 30% decrease in the canine myo
cardial concentration of [â€˜251]M1BGat 2 hr after i.v.
injection of the tracer (5). Reserpine is thought to block

362 Nakajo,Shimabukuro,Miyajietal The Journal of Nuclear Medicine



The rapid clearance of [â€˜@@ I]MIBG from the heart
and liver in the patients with adrenergic dysfunction and
pheochromocytoma observed in this study should be
related to the property of MIBG. After i.v. injection of
this tracer, it will enter several compartments with dif
ferent effluxes of the organs as observed in the study of
catecholamines in the isolated rabbit heart (6). They can
be classified into adrenergic neuronal compartments
such as the axoplasm and vesicles and extraneuronal
compartments including vascular space and nonneuronal
tissues. Therefore the time activity of [â€˜31I]MIBG in
organs can be viewed as the sum of adrenergic neuronal
and extraneuronal accumulation.

Although the adrenergic neuronal and extraneuronal
fate of radioiodinated MIBG after its i.v. injection has
not been fully or directly studied as a function of time,
it would be similar to that of NE and guanethidine (an
analog of MIBG). In the heart, the efflux of NE located
extraneuronally is more rapid than that of NE located
in the neurons (6,19,20). The intravesicular accumu
lation of guanethidine in the rat heart is relatively con
stant, while its accumulation in the other compartments
decreased rapidly for a period of 2 to 5 hr (7). Such
property of NE and guanethidine provides a hypothesis
to the phenomenon observed in this study that the major
factor to result in the different clearance of activity from
the heart and liver is the difference in relative amount
of [â€˜31I]MIBGneuronal to extraneuronal accumulation
in these organs between controls and patients with ad
renergic dysfunction and pheochromocytoma at the early

24hr 48hr period after i.v. injection of the tracer.

This point of view is supported by the following:
1. The rapidity ofcirculation is probably not the cause

of the rapid clearance observed in the patients with ad
renergic dysfunction because they had normal or rather
prolonged circulation times. It also does not appear to
be related to abnormalities of the heart and liver as
evaluated by routine function tests and to specific activity
of [â€˜31IIMIBG(Table 5).

2. The decreasing patterns of [â€˜31IIMIBGin the
hearts of the subjects in the control, and adrenergic
dysfunction or pheochromocytoma groups from 2 to 4
hr are analogous with those of guanethidine in the hearts
of the controlratsand the rats pretreatedwith reserpine,
respectively (7).

3. The clearance of [â€˜31IJMIBGis more rapid in
Patients 2 and 3 than Patient 1. Much more severe ab
normality of the adrenergic nerve terminals is suggested
in Patients 2 and 3 than in Patient 1 by the clinical
symptoms and signs, the pharmacological interventional
test and postural response of plasma NE (Tables 1 and
2).

4. There was no significant difference in the rate of
[â€˜31I]MIBGdecrease over the heart and liver between
control, and adrenergic dysfunction and pheochromo
cytoma groups in the intervals subsequent to 4 hr. This

24hr 4Shr

A
2.0

01.8

@1.4

1.2

It.

2050
mm mm

125mm 41w â€œ

TIME

B

2.8

024

I-

@2.0

1.6

â€˜I

TIME
2050
mmnmm

FIGURE3
Heart-to-lung ratios (A) and liver-to-lung ratios (B) for
[131IIMIBGas functionsof time In control(0), adrenergic
dysfunction(â€¢),andphacchromocytoma(@) @â€˜oups,desived
from ROlein digital images.Bars show s.e.m. Markswith no
bars are due to s.e.m. too small to be shown

selectively the vesicular uptake of NE in adrenergic
neurons (13). Iodine-131 MIBG heart intensity in the
24- and 48-hr posterior images was inversely related to
plasma concentrations of catecholamines suggesting
competitive uptake of [â€˜311]MIBGby the heart with
circulating catecholamines as a major cause for the in
verse relationship (14). The 24-hr or later images (15)
revealed that [â€˜31IJMIBGsalivary gland accumulation
was reversely blocked by administration of tricyclic
antidepressants known to inhibit the neuronal uptake of
NE and guanethidine (16), was markedly diminished
by the ipsilateral salivary glands in a patient with Hor
ncr's syndrome and was bilaterally diminished in a pa
tient with severe idiopathic sympathetic neuropathy. The
heart and salivary glands are both richly innervated by
the sympathetic nerves (17,18). However the time course
to determine such imaging findings has remained to be
elucidated.

125mm
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No. of patients4-hr activity(meanÂ±s.d.)Item
Organ NormalAbnormalNormalAbnormalpLiver

function Heart@ 6'
tests LiverÂ±

13
69Â±2371

Â±10
68Â±14Heart

EKG 8 5'
Liver76Â±12 70Â±2268Â±

9
65Â±12>0.05Heart

Bloodpressuret 8 5
Liver76Â±12 70Â±2268Â±

9
65Â±12No.

of patients

Heart
Specificactivityt 13

LiverEquation
y = â€”0.015x+ 3.1

y = â€”0.OlOx+ 2.6r
â€”0.15

â€”0.15.

Having at least one abnormal finding in liver function tests or EKG.

t Normal = normotensive; abnormal hypertensive in supine position.

t x = 4-hr activity, y specific activity of [131lJMlBG (@Ci/@g) and rcorrelation coefficient.

TABLE5
RelationBetweenRoutineFunctionTestsor SpecificActivityof [131l]MIBGand4-hrActivity(%) of [131l]MIBG

suggests that the slow efflux from the neuronal corn
partments is a major determinant for the clearance in
these intei@vals.

5. The heart-to- and liver-to-lung ratios as functions
of time (Fig. 3) showed differences between groups: The
increase in ratio in both organs in the control group from
20 to I25 mm is consistent with that obtained in the
normal volunteers reported by Kline et al. (21 ). This
indicates that certain compartment(s) in which
[â€˜31IJMIBGaccumulates actively retains against the
lung activity. Guanethidine studies (7,22) suggest that
this is due mainly to active accumulation process or re
tention in the NE storage vesicles.However, this increase
is lacking in the adrenergic dysfunction group or slight
in the pheochromocytoma group.

The heart-to-lung ratio as a function of time also
suggests that nonvisualization of the heart in the 24- or
48-hr images of the patients with high levels of circu
lating catecholamines produced by pheochromocytoma
reported previously (14) is already determined around
4 hr after the injection of the tracer because the ratio is
constant thereafter. Slight increase in the ratio from 20
to 125 mm in the patients with pheochromocytoma ap
pears to be consistent with the concept that competitive
uptake of [â€˜311]MIBGwith circulating catecholamines
is a major possible mechanism leading to nonvisualiza
tion of the heart in pheochromocytoma patients. How
ever, the rapidity of circulation may result in the rapid
decrease in ratio from 125 mm to 4 hr in both organs.

Although the liver is innervated by the sympathetic
nerves (23), it is a major site for blood-pool and cate
cholamine degradation. More rapid decrease in the ratio
of the liver compared with the heart suggests that the
liver is different in compartment(s) or relative amount

between compartments from the heart. Higher 20-mm
counts and liver-to-lung ratios and more rapid decrease
in the ratio of patients with adrenergic dysfunction
suggest that blood pool as an extraneuronal compart
ment may be larger than in the controls. Generalized
adrenergic dysfunction would change the liver
blood pool (24,25).

Thus, the rapid clearance of [â€˜311]MIBGfrom the
heart and liver of the patients with adrenergic dysfunc
tion and pheochromocytoma can be interpreted as fol
lows. In the patients with adrenergic dysfunction, the
heart and liver have smaller amounts of intact func
tioning adrenergic neurons to take up and store
[â€˜311]MIBGthan in the controls. In the patients with
pheochromocytoma, high levels of circulating cate
cholamines compete with [â€˜311]MIBGin entering ad
renergic neurons. Such conditions result in a relatively
larger amount of extraneuronal compartments with
rapid effluxes in the heart and liver of these patients
when compared with that of the controls. This difference
in the relative amount of extraneuronal and neuronal
compartments is a major factor to result in the rapid
clearance of [â€˜31I]MIBGfrom the heart and liver of the
patients from 20 mm to 4 hr after the injection of the
tracer. Most of the activity in the extraneuronal com
partments will be washed out by 4 hr. Thereafter the rate
of decrease is mainly governed by the neuronal efflux to
make no significant difference in it between groups.
However, further experimental studies using MIBG it
selfare required to prove more directly the validity of this
interpretation.

In spite of use of semiquantitative methodology, the
present study suggests that serial measurement of time
activity of radioiodinated MIBG in certain organs may
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be useful in the assessment of their adrenergic function
and thus a generalized adrenergic neuropathy. In addi
tion, it implies the appropriate time (4 hr or later after
injection of radioiodinated MIBG) for imaging to
quantify its neuronal accumulation in the myocar
dium(2!).
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