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in more than 50% of normal adrenal medullae.

Key Words iodine-131-metaiobenzylguanidine; adrenal medulla;
pheochromocytoma
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ALSdLIthoughrare, pheochromocytomais a potentially life-threat
ening tumor that usually can be managed with minimal mor
bidity provided that it is diagnosedearly (1). Since its intro
duction in 1980, metaiodobenzylguanidine (MIBG) labeled
with 1311has proven to be a safe, noninvasive and efficient
localization procedure. This is particularly true for tumors
arising from extra-adrenalsitesor exhibiting malignant meta
static disease and for postoperative tumor recurrence (2â€”7).

MIBG is an analog of the endogenous neurotransmitter
norepinephrine, and two mechanisms of uptake have been
described. The first is an energy- and sodium-dependent spe
cific uptake mechanism (known as Type I); in addition, there is
somedegreeof nonspecificdiffusion (known asType II). After
entering neuroendocrine cells, MIBG is concentrated in the
intracellular hormone storage vesicles by an energy-dependent,
tetrebenazine-sensitiveprocesssimilar to the cell membrane
specific uptake mechanism (8). Uptake can be found in a
variety of normal tissues, such as the adrenals, and the sympa
thetic innervation of the salivary glands and myocardium.
Consistent with the neuroadrenergic uptake mechanism, there is
a good correlation between the uptake of radioactivity and the
amount of neurosecretory granules (9). The normal distribution
of this agent was first described in detail by Nakajo et al. (10)
in 1983. They found that, after injection of 18.5 MBq, normal
adrenal medullae were observed only in 2% of patients at 24 hr
and in 16% of patients at 48 hr postinjection, whereas pheochro
mocytomas had an intense focal area of uptake between 24 and 72
hr postinjection. Other researchers (3, 4) found that the adrenal
medulla usually was not depicted using this dosage, whereas
uptake could be delineated more frequently with higher doses.

Examining the 13tI-MIBG distribution pattern over recent
years, we had the impression that the adrenal medulla was more
often visualized, although the prevalence of pheochromocy
toma was stable (i.e., 2â€”3/yr)and the injected radioactivity

lodine-131-metaiodobenzylguanidine(MIBG)scintigraphy is a reD
ablemethodusedto diagnosepheochromocytoma.Althoughthe
adrenalmedullausually is not visualized,faint uptake can be
observed in 16% of the patients 48â€”72hr after injection of 18.5â€”37
MBqâ€˜311-MIBG.Werecentlyobservedanincreaseinthefrequency
of visualizationof the adrenalmedullain patientsinjectedwith 74
MBq131I-MIBG.Therefore,weretrospectivelyevaluatedthepattern
of uptake and potentialchangesbetween 1984 and 1994.Methods:
Scintigraphic data from 103 patients referred for suspected pheo
chromocytomawerereviewedrandomly.Datafrom19patientswith
medullary thyroid carcinoma were analyzed separately. Patients
wereinjectedwith74 MBq 131l-MIBGand imagedat 24 hr postin
jection, 48 hr postinjection, or both. Adrenal uptake was scored
visuallyas 0 (novisible uptake)and 1 (uptakejust visible)to 4 (most
intense activity in the picture). Semiquantitativeindicies were eval
uated for discriminatingbetweennormaladrenalmedullaeand
pheochromocytomas. Twenty-seven pheochromocytomas were
surgically proven in 25 patients. Results: A visual score 3 was
noted in 81% and 90% ofthe pheochromocytomasat 24 hr and 48
hrpostinjection,respectively.From1984to 1988,16%and31% of
adrenal medullae were seen at 24 and 48 hr postinjection, respec
tively,whereasfrom 1989 to 1994,56% and 73% were visualizedat
24and48hrpostinjection,respectively.Before1989,thebestcutoff
criterion to identifya pheochromocytoma,determined from receiver
operating characteristic curve analysis, was a score 1 at 24 hr and

3 at 48 hr postinjection,with a sensitivityandspecificityof 92%
and 84% at 24 hr and 92% and 99% at 48 hr postinjection. From
1989,thebestcutoffwasa score 3 atbothimagingsessions,with
a sensitivityand specificityof 82% and 100%at 24 hr and 100%
and 97% at 48 hr postinjection.Amongthe semiquantitativemdi
cies, the adrenal-to-liver and adrenal-to-heart ratios were the best
discriminators between normal and pathological adrenals. They
were, however,of little use becauseof the overlap between normal
adrenalmedullaeandpheochromocytomas.Conclusion:Thehigh
rateof visualizationof the normaladrenalmedullainthisstudywas
relatedto the larger-than-usualinjecteddose(74MBa).Overrecent
years, however, this rate has been increasing, possibly because of
the increasedspecificactivityof 1311-MIBG.Adequateinterpretation
shouldtakeintoaccountthatafaintordefiniteuptakemaybevisible
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remained unchanged (74 MBq). We conducted a retrospective
studyto determinewhetherthe visualizationrateof the adrenal
medulla really is higher now than previously. In addition, we
tried to analyze the factors that might have influenced the
uptake of I3â€˜I-MIBGby the normal adrenal medulla.

MATERIALS AND METhODS

Patients
This retrospective study was based on data from 103 patients (57

women,46 men;agerange15â€”88 yr) referredto our department
between January 1984 and December 1994 for suspicion of
pheochromocytoma based on a history of paroxysmal or severe
hypertension or episodic spells (e.g., flushing, headache, sweating).

Patients were instructed by their physician to withdraw drugs
known to potentially interfere with MIBG uptake (11); in partic
ular, sympathicomimetics, labetalol, alpha-blocking agents and
reserpine were strictly avoided. Twenty-seven pheochromocyto
masweresurgicallyprovenin 25patients.Patientswereclassified
as normal if no tumor was found at completion of the workup,
including biochemistryand additional localization procedures
(transmission CT, MRI or both), and this was confirmed by a
negative follow-up course.

In addition,19patientswith histology-provenmedullarythyroid
carcinoma(MTC)in whomMIBGscintigraphywas performedfor
screeningof pheochromocytomaor for assessmentof tumor
recurrence were analyzed separately. They comprised 12 sporadic
and7 familial MTC. Onepatientwaspart of a kindredwith the
multiple endocrine neoplasia syndrome, Type 2 (MEN-2), in which
2 cases of pheochromocytoma had been recorded previously in
other hospitals. This patient had repeated measurements of urinary
catecholamineswithin normallimits between1984and1996.Ten
patients, including 5 familial cases, had multifocal disease, and 9
patients,including3 familial cases,hadmetastasesat the time of
diagnosis. In none of the 19 patients was a definite diagnosis of
pheochromocytoma made during a median follow-up period of 8 yr
(range 3â€”13yr).

Scanning Protocol
Patient preparation included thyroid blockade by the adminis

tration ofLugol's solution (40 mg iodide per day) beginning 2 days
before the tracer injection until 3 days afterward. Scans were
obtained 24 hr (n = 101)or 48 hr (n = 94) after slow intravenous
injectionof 74MBq 1311-MIBG.Overthe 10-yrperiod,â€˜@â€˜I-MIBG
was obtained from three different radiopharmaceutical companies
(IRE, Fleurus, Belgium; Amersham Belgium; and Mallinckrodt,
Inc.,Petten,Holland).Althoughthespecifications(i.e.,thespecific
activity [SA] and radiopharmaceutical purity) ofthe tracer supplied
were not recorded on an individual basis, they could be derived
from cataloginformation.From 1984to 1986,the doseswere
obtained from IRE (SA: 18â€”55MBq/mg).The doses were obtained
from Amersham in 1987 and 1988 (SA: 37â€”74MBq/mg) and in
1989 and 1990 (SA: 185 MBq/mg). In 1990 until mid-1992, doses
were obtained from IRE (SA: 148 MBq/mg). Finally, during the
last monthsof 1992until 1994,the doseswerepurchasedfrom
Mallinckrodt(SA: 370 MBq/mg). The radiopharmaceuticalpu
rity stated by the manufacturers was always in excess of 95% at the
calibrationdate.In a few instances,â€1̃I-MIBGwastestedfor the
presence of free iodide at injection, which was never greater than
1%. Most generally, â€˜@â€˜I-MIBGwas injected on the day of
dispatchingandkeptat 4Â°Cbetweendispatchingandinjection.

Imageswereacquiredusinga large-field-of-viewgammacam
era equipped with a high-energy, general-purpose collimator (Gen
eralElectricStarport400AC/T, GeneralElectric,HÃ¶lte,Denmark
[n = 39], or Elscint 410, Elscint, Haifa, Israel [n 64]).
Overlappinganterior and posteriorviews of the head,thorax,

@r-
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FIGURE1. Ann Arborvisual scale used to grade the adrenal 131l-MIBG
uptakeintensity.Grade1(I)= uptakejust visible;Grade2 (II)= uptakeclearly
visible;Grade3(III)= prominentuptakeandGrade4(1V)= hOtteStspotinthe
picture.Grade0 is assignedwhen no uptakecan be distinguishedfrom the
background(notillustrated).ExamplesofGrades1and2wereobtalnedfrom
patientswithoutpheochromocytoma.Examplesof Grades3 and 4 were
obtainedfromPatientswithhistology-provedpheochromocytoma.

abdomen and pelvis were obtained. Images of at least 200 kcounts
or 20 mm wereacquired.A similarprotocolwasfollowed in the
MTC group, in which 18 patients were scanned at 24 and 48 hr
postinjection, respectively; 10 were imaged using the General
Electric camera.

Data Malys@s
Visual Analysis. All scans were reviewed on screen in random

order over a 1-mo period by an observer who did not know the
experimentalconditions.A total of 176 and 167 normaladrenals
could be analyzed at 24 and 48 hr postinjection, respectively. In
MTC patients, no pheochromocytoma was identified, so 38 adre
nalscouldbe considerednormal.The intensityof adrenaluptake
was gradedaccording to the Ann Arbor visual scale(10), in which
Grade 0 = no uptake; Grade 1 = uptake just visible; Grade 2 =
uptake clearly visible; Grade 3 = prominent uptake and Grade 4 =
hottestspotin thepicture.Figure1showstherangeof intensities
usedto gradetheadrenalâ€˜311-MIBGuptake.

Semiquantitative Evaluation. To better discriminate between
normal and abnormaladrenals,we calculatedsemiquantitative
indiciesusingadrenal-to-liver,heart,lung and background(i.e.,
mediastinum)ratios of activity normalizedper pixel and for
acquisitiontime, at 24 and 48 hr postinjection.Note that such
indiciesarepartlybiasedby the fact thatonly thoseadrenalsthat
couldbedelineatedfrom thesurroundingbackgroundwerequan
titated.

Statistical Analysis. Sensitivity and specificity values were
calculatedin the usualfashion,taking surgicaldemonstrationof
pheochromocytomaas the reference for true-positivesand negative
workup and clinical follow-up as referencefor true-negative
results.Receiveroperatingcharacteristic(ROC)curveswereused
to derivethebestcutoff criteriafor the visualanalysisof adrenal
uptake(12,13). Theareasunderthe curveswerecomparedusing
dedicatedsoftware(INDROC-IBM-PCversion).A Z value of

1.96wasconsideredsignificant.
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1MeanVSnVS 1MeanVS1984-19888916%0.28731

%0.41989â€”1994875@%@0.78073%1.1*p

< 0.0001versus 1984â€”1988.
VS= AnnArborvisualscale.
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Period24

hrpostinjection48 hrpostinjectionnVS

@ 1MeanVSnVS 1MeanVS1984-19881050%0.71060%1.51989â€”19942479%1.22075%1.4,4Jl

comparisonswere nonsignificant.
VS= AnnArborvisualscale.

since1984. Therewasa clearincreaseoverthe years,with a
changebetween 1987 and 1989. Therefore, the 10-yr period
was divided into two periods, one from 1984 to 1988 and
anotherfrom 1989to 1994.Approximately the samenumberof
patientswere studiedin thesetwo periods.For the subsequent
analysis,eachperiodwassubdividedinto two groupsof patients
accordingto the result observedat 48 hr postinjection.Indeed,
in all but two cases,when a particular adrenal medulla was
visualizedat 24 hr postinjection,the finding was confirmed at
48 hr postinjection. Finally, four groups of patients were
identified: Group I , from 1984 to 1988, visible adrenalmedul
lae (n = 14; 11 bilaterally); Group 2, from 1989 to 1994, visible
adrenalmedullae(n 33; 25 bilaterally); Group 3, from 1984
to 1988,adrenalmedullaenot visualized(n 25) andGroup4,
from 1989to 1994,adrenalmedullaenot visualized (n = 6).
Table 1 summarizesthe frequencyof visualization of the nor
mal adrenal medulla at 24 and 48 hr postinjection for the two
periods.The differencebetweenthe frequencyobservedin the
two periods was statistically significant (p < 0.0001).

The adrenal medulla was visualized more often in MTC
patients(i.e., 71% at 24 hr and 70% at 48 hr postinjection). In
this group, no difference was noted between the two time
periods (Table 2) This held true in both the familial and
sporadic groups. No statistically significant difference was
observed between patients with sporadic and familial MTC.
Overall, at either 24 or 48 hr, 13 of 14adrenalmedullaewere
visible in the familial group compared with 18 of 24 in patients
with sporadicMTC. Whencombining the patientssuspectedof
having pheochromocytomaand patients with MTC, the fre
quencyofvisualization ofnormal adrenalmedullaeat 24and48
hr was still significantly different between the two time periods
(19% versus61% at 24 hr and 34% versus73% at 48 hr; p <
0.0001 for both comparisons).

ROC Curve Analysis
ROC curves used to determinethe best cutoff for the visual

criteria to localize pheochromocytomaare shown in Figure 3.
The areas under the curves from data at 24 and 48 hr
postinjection, during both periods, were highly similar (a Z
value was not significant for all comparisons). This suggests
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FIGURE2. Proportion of adrenal medullae visualized
postinjectionas a function of time since 1984.

at 24 and 48 hr

Forcomparisonof the frequencyof adrenalvisualization,mean
visualscores,semiquantitativeindiciesandthe factorsthat might
interfere with the uptake of the radiopharmaceutical, we used
Student'st-testandFisher'stestasappropriate.Significancewas
set at the 0.05 level.

RESULTS

Visual Analysis
Among the 27 glands for which a final diagnosisof pheo

chromocytoma was established, 25 were clearly visualized
(score 2â€”4),and 2 were either faintly or not detected (score
0â€”1) at 24 and 48 hr postinjection.Overall, 36% and 52% of
normal adrenalswere visualizedat 24 and48 hr postinjection,
respectively.Figure2 showstheproportionof normaladrenals
visualized at 24 and 48 hr postinjection as a function of time

TABLE I

Frequency of Visualization of the Adrenal Medulla at 24 and 48 Hr Postinjection in Patients Referred for Suspicion of
Pheochromocytoma During Both Test Periods

TABLE 2
Frequencyof Visualizationof theAdrenalMedullaat 24 and48 Hr Postinjectionin Patientswith MedullaryThyroidCarcinoma

DuringBothTestPeriods
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FiGURE3@Receiveroperatingcharacteristiccurves showingthe best cutoff
for visual criteria for identificationof pheochromocytomaat 24 and 48 hr
postinjection for both tests periods. Arrows point toward the best cutoff
criterionfor each curve.

that the overall diagnostic performance of the test has not
changed over the years. However, the criteria leading to the best
diagnosticperformance varied as indicated by the arrows in
Figure 3: Before 1989, the best cutoff score was 1 at 24 hr
postinjectionand 3 at 48 hr postinjection,with a sensitivity
and a specificity of 92% and 99%, respectively, at 48 hr
postinjection. From 1989, the best cutoff score was 3 at both
scanning times, with a sensitivity and a specificity of 100% and
97%, respectively, at 48 hr postinjection.

Semiquantitative Analysis
Table3 showstheresultsofthe four semiquantitativeindicies

that were computed (adrenal and liver, adrenal and heart,
adrenal and lung, adrenal and background). The indicies were
calculated with a view to possible prospective use. Therefore,
only results from the 1989â€”1994period are shown. The best
indicies to discriminate between normal and abnormal adrenal
medullae were the adrenal-to-heart ratio at 24 hr postinjection
(2.3 Â±1.1 versus1.1 Â±0.2; p = 0.002) andthe adrenal-to-liver
ratio at 48 hr postinjection (2.0 Â±0.9 versus 0.8 Â±0.2; p =
0.003). Although differences between normal and abnormal
adrenals were statistically significant, the overlap between the
semiquantitative values made them of little additional use to
visual scoring (Fig. 4).

Factors Influencing lodine-131-MIBG Uptake In Normal
Adrenal Medullae

As shown in Table 4, the distribution ofpatients taking drugs
that could interferewith MIBG uptakewasrelatively homoge
neous. No statistically significant difference was found between
the different groups.Also, no relationshipwas found between
the visualization of normal adrenalsand age, gender, renal
function and camera used.

Thereseemedto be a relationshipbetweenthe frequencyof
visualization of the adrenal medulla and the specific activity of

FIGURE4. Valuesofthe best semiquantitativeindices(adrenal-to-heartand
adrenal-to-liver)usedto discriminatebetweennormaland abnormaladrenal
medullae.

thetracer.It is, however,impossibleto establisha mathematical
parallelism between these parameters because the specific
activity of each individual injected dose is not known.

DISCUSSION
Results of this study indicate that normal adrenals imaged

with 74 MBq â€˜311-MIBGwere more often visualized than
reported in the literature with dosagesthat were most often
50%_75% less and that the frequency of adrenal visualization
increased with time (56% and 73% at 24 and 48 hr postinjec
tion, respectively, during the period 1989 to 1994). Currently, only
prominent uptake (visual score 3) at either 24 or 48 hr postin
jection indicates a high probability of pheochromocytoma.

Previous research has shown that the normal distribution of
MIBG labeled with 13II includes infrequent (2% at 24 hr
postinjection and 16% at 48 hr postinjection) or no visible
uptake of normal adrenals (3,4, 10). These reports, however,
referred to studiesperformedwith 18.5â€”37MBq 131I-MIBG.
The fact that even before 1989, normal adrenalmedullae were
moreoften seenis mostprobablyrelatedto the greateractivity
injected (74 MBq). This is related to the general phenomenon
known as â€œthemore you give, the more you see.â€•Brown et al.
(14) reported clear visualization of a normal adrenal medulla,
resulting in an incorrect diagnosis of bilateral pheochromocy
toma. The patient was imaged after injection of 74 MBq
â€˜31I-MIBG.Similarly, Morais et al. (15) mentioned that a
greater activity injected accounted for the increase in sensitiv
ity. A patient with pheochromocytoma was injected and imaged

TABLE 3

Semiquantitative Indices at 24 and 48 Hr Postinjection for Normal and Abnormal Adrenal Medullae from 1989 to 1994
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VariableAM

visibleAMnotvisible1984-19881989-19941984-19881989-1994No.ofpatients1433256Age(meanÂ±s.d.,yr)45Â±2050Â±1655Â±1451Â±16Gender8F,6M19F,14M12F,13M3F,3MAbnormal

serumcreatinine*0000DrugsT3C1000Betablockers1110Calcium

channelblockers2620*Num@

of patlentswithvaluesabove1.3mg/dl.
AM = adrenalmedullae;T3C= tricyclicantidepressant.

TABLE 4
Characteristicsof PatientsWithOutPheochromocytomaWith Visible or NonvisibleAdrenal Medullae During the Two Test Periods

at 1-wk intervals, respectively, with 18.5 and 37 MBq â€˜@â€˜I
MIBG; the tumor was successfully detected only with the
higher activity. A greaterinjected activity results in a greater
dose per kilogram of body weight. This explains why the
adrenal medullae of dogs or monkeys studied with the same
dosage used in humans (17.5 MBq, which is 5â€”10times more
on a MBqfkg basis) are generally well imaged (16). Finally, in
confirmation of previous data (5,10) in the frecÃ§uencyof
visualization of the normal adrenal medulla with â€1̃1-MIBG
was higher at 48 than 24 hr postinjection.

In our department, the injected activity (74 MBq) has
remained unchanged since 1984. This can explain the initial
higher rateof visualizationof the adrenalmedullaebut not the
increasing visualization with time. How can we explain an
increased visualization rate of normal adrenals with time?
Among the different factors that might interfere with the
distribution of MIBG, drug intake, which can reduce the uptake
and impaired renal ftmction, leading to a reduction of MIBG
clearance and increased uptake, are the most frequently reported
(1 7â€”20).No relationship was found between these factors and
the visualizationof the normaladrenalmedullaor with the age,
gender and the camera used. It has been reported that calcium
channelblockers,suchasnifedipine, improve MIBG retention
in the adrenals(21). In our population, most of the patients
taking such drugs were classified in the group â€œvisibleadrenal
medullae, 1989â€”1994â€•(Table 4), but no statistically significant
trend was observed when compared with the other groups. The
increased frequency of patients on calcium blockers who
displayedvisible adrenalsis probablyrelatedto the fact that this
family of drugs has, in recent years, gained popularity in the
treatmentof hypertension.Although intake of calciumblockers
cannot be ruled out as a determinant of increased uptake in
adrenalmedullae,it might be consideredasa possiblecofactor
becauseonly one patient in six with a visible adrenal was
treated with this type of drug. An increasedSA of the MIBG
during the last years is strongly suspected as the explanation for
the more frequent visualization.

Over the past 10 yr, we have used commercially available
MIBG from three differentcompanies. The SA rangedfrom 10
to 55 MBq/mg in 1984 as comparedwith 100â€”300+MBq/mg
in the past 4 or 5 yr. However, because the information about
eachdosewas not kept in our files or was not availableat the
time of dispatch, it is impossible in retrospectto establishan
objective (e.g., linear) relationship between the scan pattern and
the specific activity of the MIBG used. Nevertheless,this
finding is in accordance with experimental evidence that the
uptakeof 13â€˜I-MIBGin the adrenalmedullaof mice is greater
when the SA is higher (22). This is true in absolute terms as

well as when the uptake is expressed as a adrenal-to-liver ratio.
With increasedSA, or at low MIBG concentration,there is
increased uptake in organs in which the high-affinity, specific
uptake-I mechanism is predominant, such as the adrenal me
dulla. In anotherstudyperformedin humans,adrenalmedullae
imaged with â€˜231-MIBGat an SA of 320 MBq/mg were most
often visualizedat 48 hr, whereasno uptakecould be detected
in the same patients with 1311-MIBG at a lower SA (i.e., <100
MBq/mg) (23). In this comparison, however, the different
physicalpropertiesofthe isotopes,especiallythe higherphoton
yield and better spatial resolution with 123!,also must be consid
ered. In the same article, the uptake of 1311-MIBGalso was clearly
visible when a therapeuticdosewas given to one ofthe patients. In
that case, the total amount of radioactivity, the higher SA (1.16
GBq/mg)andimagingdelayedat 6 dayspostinjectionall could
have contributed to the visualization of normal glands.

The increased specific activities of commercially available
â€˜311-MIBGcan be explained by the improvement in radiolabel
ing methods,asreviewedby Wafelmanet al. (24). In the early
years of â€˜31I-MIBG,radiolabeling was performed using the
halogenexchangemethod, which did not allow for high SA
with an acceptableyield (25). The developmentof copper(I)
assisted or copper(II)-catalyzed methods, which have been
adopted by several companies, permitted one to increase the
specificity by a factor of 3â€”10.Other approaches,suchas the
â€œnocarrier addedâ€•method devised by Vaidyanathan and Zalutski
(26), result in the formation of â€˜311-MIBGwith an extremely high
SA (in the orderof0.1â€”l.0TBq/mg)thatcan be used for therapy
but are not necessary for diagnostic scanning (27).

The changein the pattern of adrenalvisualization was not
observed in the MTC group: the frequency of visualization of
normal adrenals has been higher since 1984 and did not change
over time. The majority (12) of the MTC patients are sporadic
MTC, and none of the patients of the familial group has
developed a pheochromocytoma. Accordingly, the higher rate
of visualizationof the adrenalsin the first period could not be
related to the presence of asymptomatic pheochromocytoma. It
cannot be ruled out that some of these patients might have
adrenomedullary hyperplasia. This, however, is unlikely be
cause:(a) only one patient was part of a well-characterized
MEN-2 kindred, (b) urinary catecholamines were consistently
within normal limits and (c) none of the patientsdevelopeda
pheochromocytomaover a median follow-up period of 8 yr.
The only difference betweenthe MTC group and the normal
group is that most of the MTC patients had high calcitonin
levels at the time of evaluation.

In addition, the results of our study have again confirmed the
excellent sensitivity and specificity of MIBG scanning in
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diagnosing pheochromocytoma. Although, on average, semi

quantitative indicies are highly discriminant, the overlap be
tween values observed in normal and abnormal adrenal medul
lae make them of little additional use in clinical practice.

CONCLUSION
We found that the adrenal medulla is more often visualized

after injection of 74 MBq 13â€˜I-MIBGand that adequate inter
pretation ofa MIBG scan should take into account that 56% and
73% of normal glands are seen at 24 and 48 hr postinjection,
respectively. Since 1989, the optimal visual score for diagnos
ing pheochromocytoma is 3 or more. Thus, only an intense

uptake should be considered to be positive. We could not find
any factor related to the patient recruitment and the scanning

protocol to explain this change. Therefore, we strongly suspect
that the increase in SA of labeled MIBG during recent years is
the probable explanation of the higher proportion of normal
adrenal medullae displaying visible uptake.
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on scintigraphy. In the remaining9 patientswith only partial nodule
destruction on scintigraphy, protein-bound 1311remained elevated
although markedly reduced. Biologic half-life was shortened in 18 of
24 patients before treatment; after treatment, it was normal in 18 of
24 patients (13 of 15 with complete nodule ablation and 5 of 9 with
partial ablation).Conclusion: Ethanoltreatmentnormalizedthe
hormonal pattern in all patients. Measuresof radioiodine turnover
were better markers of residual disease in that they normalized in
almost all patients with complete nodule ablation, whereas they
remained abnormal in a high proportion of patients with incomplete
ablation. Thyroid hormones remained normal over a follow-up
period of 3-7 yr in all patients.

KeyWords:autonomousthyroidadenomapercutaneousethanol
injection; ethanol injection
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In 24 patients with autonomous thyroid adenoma, we studied the
hormonal pattern (free thyroxine, free triiodothyronine and thyroid
stimulating hormone) and markers of radioiodine turnover before
and after nodule ablation with percutaneous ethanol injection.
Methods:The hormonalpatternwasstudiedbeforetreatmentand
at various intervals after nodule ablation. Changes in radioiodine
turnover were studied measuring 1311protein-bound iodine and the
biologic half-lifeof radioiodinein the thyroid (calculatedfrom thyroid
uptakeat24and48hr)beforeandafterethanoltreatment.Results:
The hormonal pattern was normalized by treatment in all patients
and remained normal for the follow-up period. Before treatment,
protein-bound 1311was elevated in all patients but 4; after treatment,
it normalized in 15 patientswith the disappearanceof the adenoma
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