
resolution of PET. All operations were performed by the same
surgical team and all patients underwent clinical follow-up for a
period of2 mo to 7 yr after surgery. Postoperative recurrences were
mainly diagnosed by conventional examinations (CT, ultrasound,
radiography and others). Ten patients with a normal esophagus and
onewith benignesophagealtumor(granularcell tumor)werealso
studied as controls.

Tracer Synthesis and PET Scanning
Fluorine-l8-FDG was synthesized by the acetylhypofluorite

method with a CUPID automatic tracer synthesizer from â€˜8F
manufactured with a small CYPRIS cyclotron (Sumitomo Heavy
Industries,Tokyo, Japan).PET imageswere obtainedon a HEAD
TOME III (Shimazu Works, Kyoto, Japan)scanner.A ramp filter
and a Butterworth filter (cutoff frequency: 8 mm I, order 3) were
used for image reconstruction, resulting in an in-plane spatial
resolution of 10.5 mm (FWHM) with z-axis resolution of 16.5 mm

(6).
After transmission scanning with a 68Ge ring, â€˜8F-FDG(148

MBq) was administered intravenously. PET scanning of the tumor
(5 mm scans) was initiated 60 mm after administration. Fluorine
l8-FDG activity within each tumor was correctedfor physical
decay and normalized by dose administration and patient weight to
produce a standardized uptake value (SUV) (8). Mean radioactivity
(cps/ml) value was determined at the designated site of maximum
accumulation(9 pixels;9 X 9 mm2in thetumor.No correctionfor
the tumor-to-blood volume was made.

A dynamicstudyfor detailedevaluationof glucose metabolism
wereperformedin 11patientsfor a fixed duration(from February
1990 to September 1991). Arterial blood samples were collected
from the brachial artery (nine 15-sec interval, four 30-sec interval,
four 1-mm interval, two 2-mm interval, one 3-mm interval, three
5-mm interval and three 10-mm interval), and dynamic scans of the
tumor were performed (five 2-mm scans and ten 5-mm scans).
Changes in radioactivity ofplasma (Cp) were measured with a well
counter and radioactivity changes in tumor (Ci) were evaluated
through PET images. Rate constants defined by Phelps et al. (9) in
a metabolicmodel for â€˜8F-FDGin brain tissue (Fig. 1) were
calculated by a nonlinear least squares method (6). The rate
constants used were: kl = transfer from blood into tissue; k2 =
transfer from tissue into blood; Id, phosphorylation by hexoki
nase; k4 = dephophorylation by glucose-6-phosphatase.

Measurement of Tumor Hexokinase Activity
Hexokinaseactivitiesof the resectedtumortissueswere simul

taneously measured in accordance with the method of Monakhov et
al. (10) in 13 patients (1 1 of whom underwent a dynamic study).
The tissue specimens for analysis were obtained immediately after
resection from the area corresponding to the region of interest in
the preoperative PET images with reference to other image
findings.

To evaluate glucose metabolism in esophageal cancer, 48 patients
werestudied usingPETwith 18F-2-fiuoro-2-deoxy-D-glucose(FDG).
Methods: After transmission scans were obtained, 18F-FDG(148
MBci)was administered intravenously. In 11 patients, a dynamic
study was performed to evaluate glucose metabolism. Using the
changes of radioactivity in both plasma and tumor, rate constants
(kl-k4) defined in the metabolic model for 18F-FDGwere calculated.
In 48 patients,staticPETscansof the tumor (5-mmscans)were
obtained 60 mm after administration. Fluorine-18-FDG actMty within
each tumor was corrected for physical decay and normalized by
dose administrationand patient weight to produce a StandardIzed
uptakevalue(SUV).Results:Boththe k3 value(n = 11)reflecting
hexokinase actMty and SUV (n = 13) were well correlated with
hexoidnaseactMtyfromthe resectedspecimen(p < 0.05).Forty
sevenof48 patientsbeforetreatmentrevealedSUVgreaterthan 2.0,
but 10 normal control subjects and 1 esophageal benign tumor
revealedless than 2.0 (accuracyrate 98.3%).Although clinicopath
ological findings did not correlatewith SUV,except for two patients
with carcinosarcoma,23 patientswith an SUV greaterthan 7.0 had
a poorprognosiscomparedwith25 patientswithSUVs lessthan
7.0.ConclusIon:Thesefindingssuggestthat18F-FDGPETmaybe
useful in distinguishingmalignanttumors from benign lesionsand in
the preoperativeevaluationof the prognosticfactor.
Key Words PET; fluormne-18-fluorodeoxyglucose; esophageal can
cer@;prognosis
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Esophagealcancerhasoneofthemostunfavorableprognoses
in digestive malignancies due to its biological behavior and
surgical difficulties. Elucidation of the prognostic factor on the
basis of biological viability of the tumor is essential in improv
ing the prognosis of esophageal cancer. The rate of glucose
metabolism is considered to increase in malignant tumors and
correlateswith tumor proliferative activity (1,2). In this study,
for thepurposeofevaluating glucosemetabolismof esophageal
cancer, â€˜8F-2-fluoro-2-deoxy-D-glucose (FDG) was used as a
tracer for glucose metabolism, and PET was performed in
patients with esophageal cancer. Fluorine-l8-FDG PET has
been used for various neoplasms (3â€”6), however, no detailed
analysis of glucose metabolism in esophageal cancer has been
revealed (7). We attempted to define a convenient and reliable
index for clinical assessment of esophageal cancer and to
predict prognosis before surgery.

MATERIALS AND METhODS

P@nta
Between August 1988 and December 1995, 48 patients (43 men,

5 women; mean age 61.4 yr; age range 44â€”76yr) with primary
esophageal cancer underwent PET using â€˜8F-FDG before radical
resection. All patients were untreated and selected based on tumor
size, which was greater than 3 cm in diameter due to the limited

Receh@edMar.11,1997;acceptedSep.4,1997.
ForcorrespondenceorreprintscontactToniFukunaga,MD,SecondDepartmentof

Surgery,ChibaUniversitySchoolof Medicine,1-8-1Inohana,Chuo-IwChiba,260,
Japan.

1002 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 39 â€¢No. 6 . June 1998

Evaluation of Esophageal Cancers Using Fluorine
18-Fluorodeoxyglucose PET

Tom Fukunaga, Shinichi Okazumi, Yoshio Koide, Kaichi Isono and Keiko Imazeki
Second Department ofSurgery and Department ofRadiology, Chiba University School ofMedicine, Chiba, Japan



sUv0

esophageal cancer
(n=48)

benign esophageal
tun@r
(nâ€”i)10

I â€” . .15 .I.6.99Â±3.05

â€¢
0.86normal

esophagus
(n10)â€¢@ 1.34Â±0.37

Serum Tumor tissue
(Ci)(Cp)

ki

k2

(hexokinase)
k3

: I 18F-FDG@@ 0'@ â€˜8F-FDG-6P04 I

k4

(glucose-6-phosphatase)FIGURE1. Compartment model of 18F-
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changesin radioactivityof tumor.

RESULTS

PET and SIN
All esophageal cancers showed marked accumulation of

â€˜8FFDG at 60 mm after tracer injection (Fig. 2). In SUV,
esophageal cancers had significantly higher values (6.99 Â±
3.05, n = 48) than either benign tumors (0.86, n = 1) or normal
control subjects (1 .34 Â±0.37, n = 10). In malignancies, 47 of
48 patients had SUVs greater than 2.0, and all nonmalignant
tissues had SUVs less than 2.0 (Fig. 3). It was possible to
distinguish malignant tumors from benign lesions by using the
cutoff value of 2.0 (accuracy rate 98.3%) (11,12).

FiGURE2. CT (A)and FDGPET(B)images of esophageal cancer. White
arrow(B)showsa markedaccumulationof 18F-FDGat the sameposition
identifiedontheCTimage(A).

Estimation of Glucose Metabolism and SIN
Since the radioactivity change oflabeled FDG in tumors were

considered to depend on rate constants, a â€˜8F-FDGdynamic
study was performed on 11 patients with esophageal cancer to
calculate the rate constants.

The k4 value(dephosphorylationby glucose-6-phosphatase),
0.008 Â±0.007/mm, was significantly lower than the k3 value
(phosphorylationby hexokinase),0. 143 Â±0.053/mm, in esoph
ageal cancer (Fig. 4).

Hexokinase activities from resected specimens were mea
sured in 13 patients with esophageal cancer (5.01 Â±2.1 1 U/g

A@

I

B

â€˜4'

I,

I
FiGURE3. SUVsin esophageal cancers and other states. Al esophageal
cancersexceptonerevealSUVsof greaterthan2.0(meanÂ±s.d.;6.99Â±
3.05).Tennormalcontrolsubjectsandonepatientwithabenignesophageal
tumorhadSUVs< 2.0(1.34Â±0.37,0.86).

FIGURE4.Valuesof rateconstants k3and k4in11esophageal cancers. The
k3value(reflectsthehexokinaseactivity)isdefinitelyhagherthanthek4value
(reflectsthe glucose-6-paseactivity).The k4 valuecan be neglectedin
esophagealcance@
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differences were evident between pNOpMO, pN lpMO and
pM1LYM.

7. pTNM classification: Through categorization by pTNM
classification,10 patientswere classifiedas Stage hA, 4
as StageIIB, 17 as StageIII and 17 as StageIV. SUVs
were 7.15 Â±2.80, 5.54 Â±3.33, 7.39 Â±2.66 and 6.85 Â±
3.61, respectively.No significantdifferenceswere evident
between Stages hA- IV.

Prediction of Prognosis and SIN
The radically resected patients were divided into two groups:

Group A and Group B, according to SUVs. All 48 patients
underwent radical resection, thereby excluding absolute noncu
rative surgeries. Group A includes 25 patients with SUVs less
than 7.0 (the approximate average of SUVs), and Group B
includes23 patientswith SUVs greaterthan 7.0. Table 2 shows
the SUV and pTNM classification of these two groups. No
difference in each factor was observed in each group. Figure 6
shows the cumulative survival rate without recurrence after
surgeryin eachgroup.The survival ratewas significantly high
in Group A (p < 0.05). Furthermore, in patients with lymph
node metastasis (Fig. 7) and Stages III and IV classification
(Fig. 8), a high SUV tended to result in a poor prognosis in
comparison to low SUVs (p < 0.01, p < 0.05).

DISCUSSION
In this study, â€˜8F-FDGwas used as a tracer for glucose

metabolismand PET was performed to examine glucoseme
tabolism of esophageal cancer. Glucose metabolism increases
in malignant tumors (15), and in the glycolytic pathway,
hexokinase activity correlates with tumor proliferative activity.
Fluorine-I 8-FDG is phosphorylated by hexokinase within the
cells and accumulatesintracellularly as@ 8F-FDG-6-P04, since
it is not a substrate of phosphohexose isomerase (the enzyme
involved in the next step of the glycolytic pathway). The
measurement of glucose metabolism using 8F-FDG is reported
as a metabolic model for the brain by Phelps et al. (9) based on
Sokoloff's model (16). In thisstudy,sincethe k3 value waswell
correlated with the measured hexokinase activity, this model
seemes to be reliable for the analysis of esophageal cancers.

SUV is one of the most convenient and common indices of
tracer uptake in PET studies. It is easily calculable from
radioactivities of tumors, injected dose of â€˜8F-FDG,body
weight and physical decay (8). It had been used as an index of
â€˜8FFDGuptake in previous reports, but there are currently no
reports examining the correlation between the rate constant and
SUVs of esophageal cancer. Our dynamic study revealed that
the k4 value of esophageal cancer was significantly lower than
k3. This result is consistent with a previous report in which
glucose-6-phosphatase presents specifically in the liver and
kidneys but not in tumors and other tissues (1 7,18). Given that
â€˜8F-FDGuptake by tumor cells as a function of the enzyme
ratio of hexokinase to glucose-6-phosphatase, I8F-FDG uptake
in esophageal cancer may depend solely on hexokinase activity,
since glucose-6-phosphatase activity tends to be negligible. The
reliability of SUV as a marker for observing hexokinase activity
in esophageal cancer was confirmed by evidence of correlation
of the SUV with hexokinaseactivity andthe k3 value. Focally
inflammatory lesions are known to show high â€˜8F-FDG uptake
at times due to increased metabolic activity of leukocytes and
other inflammatory cells, however, since no patient in this study
presentedwith esophagobronchialfistulaor other infectious
lesions, SUV could be used as a convenient index to assess
glucosemetabolismin esophagealcancer.

k3
(1mm)

suv

15.0

0.5

10.0

5.0

0.0 0.0
8.0 10.0

(unit/g tissue)

FIGURE5. The relationshipbetween hexokinaseactivity,k3 and SUV.Both
k3 and SUVare well correlatedwith hexokinaseactivityin esophageal
cancers.

tissue). Both the k3 value and SUV were well correlatedwith
hexokinase activity of tumor (p < 0.001) (Fig. 5).

Clinical and Pathological Findings and SIN
Clinical and pathological findings of 48 resected patients are

shown in Table 1 (13,14). The information in Table 1 can be
summarizedasfollows:

1. Age: No statistical correlation between age and SUV were
evident.

2. Location of the lesion: Lesions were located in the
cervical esophagusin 4 patients(SUV = 5.90 Â±1.52),
upper thoracic portion in 5 (6.39 Â±4.47), midthoracic
portion in 29 (7.36 Â± 3.19) and lower thoracic and
abdominalesophagusin 10 (6.67 Â±2.47). No significant
differences in SUV were evident.

3. Vertical extension: Length of tumors, as measured from
resected specimens, ranged3.5â€”23.0cm (7.4 Â±3.5). No
correlation between vertical extension and SUV were
evident.

4. Histologic classification: The resected patients were di
vided into 5 groups by histological grading as follows:
Group 1 = well differentiated (n = 11); Group 2 =
moderately differentiated (n = 25); Group 3 = poorly
differentiated( n = 8); Group 4 = undifferentiated(n =
2); and Group 5 carcinosarcoma (n â€”2). SUVs were
6.64 Â±3.14, 6.91 Â±2.57, 6.24 Â±2.45, 7.48 Â±6.70 and
12.50 Â± 5.13, respectively. Carcinosarcoma revealed
significantly high values comparedto others(p < 0.05);
however, no significant differences were evident between
Groups 1â€”4.

5. Depth of invasion: The patients were divided into 4
groupsby depthof invasionasfollows:pTl to submucosa
(n = 4); pT2 to muscularis propria (n = 10); pT3 to
adventitia (n = 3 1) and pT4 to adjacent structures (n = 3).
SUVs were 6.81 Â±6.42, 7.06 Â±2.01, 7.12 Â±2.97 and
5.69 Â±1.98, respectively. No significant differences were
evidentbetweenpT- pT4.

6. Lymph node metastasis:Absenceof lymph node metas
tasis was revealed in 11 patients (pNOpMO), regional
lymph node metastasis in 20 (pNlpMO) and distant
metastasisin 17 (pM1LYM). SUVs were 6.93 Â±2.75,
7. 15 Â±2.84 and 6.85 Â±3.6 1, respectively. No significant
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PatentAgeLengthHistologicNMno.(yr)
Sex SUVLocation (cm)classification pT pN pM stage

ASUV<7.0(n=25)35152916131242712BSUV@7.0(n=23)1516161718562105

1 72 M 1.53 lu 5.5 Moderate 1 1 0 lB
2 46 M 2.04 . E 7.0 Well 3 0 0 IIA
3 64 M 2.74 Im 4.0 Undetermined 3 1 1 IV
4 57 M 3.05 lu 4.0 Well 3 1 1 IV
5 72 M 3.47 Im 9.0 Moderate 3 1 0 Ill
6 76 M 3.75 E 8.4 Poor 3 1 0 III
7 58 M 3.90 Im 8.0 Poor 3 1 0 III
8 61 M 4.18 Im 4.0 Poor 1 1 0 IIB
9 53 F 4.28 Ce 9.0 Well 4 1 1 IV
10 72 F 4.35 Im 3.5 Well 3 0 1 IV
11 62 M 4.47 Im 9.0 Moderate 2 1 1 IV
12 71 M 4.55 Im 7.0 Well 3 0 0 lIA
13 63 M 4.83 Im 9.0 Moderate 4 0 0 III
14 57 M 5.16 Im 3.7 Moderate 2 1 1 IV
15 69 M 5.16 Im 10.0 Moderate 3 1 1 IV
16 58 M 5.30 E 5.5 Moderate 3 1 0 III
17 54 F 5.39 Im 5.5 Moderate 1 0 1 IV
18 70 M 5.63 Ce 6.0 Moderate 2 0 0 IA
19 66 M 5.64 E 4.1 Moderate 2 0 1 IV
20 63 M 5.73 Ce 4.0 Poor 2 0 1 IV
21 51 M 5.74 Im 8.0 Moderate 3 1 0 III
22 61 M 5.78 Im 5.0 Moderate 3 0 0 IA
23 51 M 5.82 lu 23.0 Poor 3 1 1 IV
24 51 M 6.04 Im 5.6 Moderate 3 1 0 III
25 67 M 6.97 E 11.5 Moderate 3 1 1 IV
26 56 M 7.12 rn 5.5 Moderate 3 0 0 lA
27 70 M 7.23 E 7.0 Moderate 3 1 0 Ill
28 44 M 7.51 Im 5.8 Well 3 0 0 IIA
29 46 M 7.59 Im 6.0 Poor 2 1 0 lB
30 50 F 7.95 Ce 5.0 Moderate 4 1 0 III
31 59 M 7.99 Im 13.0 Well 2 1 1 IV
32 68 M 8.29 Im 7.0 Moderate 3 1 0 III
33 59 M 8.34 Im 6.0 Moderate 3 1 0 Ill
34 56 M 8.39 E 10.5 Poor 3 0 0 IIA
35 69 F 8.82 Im 7.0 Moderate 3 1 0 III
36 62 M 8.87 E 6.5 Carcinosarcoma 2 1 0 IIB
37 52 M 8.87 Im 8.0 Well 2 0 0 IIA
38 65 M 8.88 E 8.0 Well 3 1 0 III
39 76 M 9.05 lu 7.0 Moderate 3 1 0 III
40 63 M 9.66 E 7.0 Well 3 0 0 ILA
41 72 M 10.47 Im 10.2 Moderate 3 1 0 III
42 51 M 10.50 Im 4.5 Moderate 3 1 1 IV
43 55 M 10.60 Im 12.8 Poor 2 1 1 IV
44 58 M 11.31 Im 4.5 Moderate 3 1 0 III
45 62 M 11.89 Im 5.0 Well 3 0 0 IlA
46 69 M 12.22 lm 16.0 Undetermined 3 1 0 III
47 69 M 12.52 lu 5.0 Moderate 3 1 1 IV
48 72 M 16.13 lm 8.0 Carcinosarcoma 1 1 1 IV

Ce = cervical esophagus;lu and lm = upper and middle intrathoracicesophagus;E = lower esophagus.

Sincepatientswith esophagealcancerspresentedwith sig- (accuracyrate96.7%)(11). Clinically,â€˜8F-FDGPETshouldbe
nificantly higher values than those with benign tumors or used to assess postoperative esophageal cancer, because it can
normal control subjects, malignant tumors can be distinguished define early recurrence from miscellaneous mass lesions. Fur
from benign lesions by referring to the SUV cutoff value of 2.0 thermore, recent studies have assessed the use of PET (espe

TABLE 2
suV and pTNM Classification in Groups A and B

Regional Distant
Primarytumor lymphnodes metastasis pTNMclassification

Group SUVclassification pTl pT2 pT3 pT4 pNO pNl pMO pMl hA IIB III IV
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TABLE I
Clinical and PathologicalFindingsand SUV (Resected50 Cases)
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cially whole-bodyPET) in preoperativestagingof malignant
tumors (19).

SUV may also be a useful diagnostic index to distinguish

FIGURE6. The cumulativesurvnialrate withoutrecurrenceafter surgeryfor
GroupsA and B. Prognosisis favorablefor Group A.

FIGURE7. The cumulativesurvivalrate withoutrecurrence in patients with
lymphnodemetastasis.Relapsewas observedinGroupB within2 yr except
for onepatient.

FIGURE & The cumulative survival rate without recurrencefor Stages Ill and
IV(pTNM).InGroupB,earlyrecurrenceappeared.

malignant tumors from benign lesions and elucidate prognosis
after surgery. In this study, patients with higher SUVs had poor
prognoses in comparison to those with low SUVs. Two possible
explanations for this tendency exist. First, SUV may be repre
senting the measurement of growth rate of residual cancer cells.
In previous publications, glucose utilization was reported to be
higher in rapidly growing tumors as compared to less aggres
sive low-grade neoplasms(20â€”22).Actually, recurrent cases
with higher values of preoperative SUV had shorter latent
periods after operation than those with lower values. Accord
ingly, frequent follow-ups are vital in cases with high SUV
value. Second, SUV may be assessing tumor viability (23).
Variable prognosis observed in patients having similar radio
logical and pathological findings. It may be caused by the
viability of cancer cells. In our previous report, DNA ploidy
patterns were actually well correlated with â€˜8F-FDG uptake
(24). In accordance, high SUV levels may be indicative of
preoperative adjuvant therapy.

Since SUV is easily obtained by a static study, repetitive
analyses are possible. Accordingly, it is a useful index for
repetitive assessments of treatment effect (25) and postopera
tive follow-up. The subjects of this study were restricted by
tumor size due to limited resolution of the PET scanner,
however, recent technical advancements have made analysis of
smaller esophageal cancers possible.

CONCLUSION
Fluorine-18-FDG PET was executed to elucidate glucose

metabolism in esophageal cancer. Evaluation of â€˜8F-FDG
uptakewasmanifestedby SUV. SUV of patientswith esopha
geal cancer is: (a) well correlated with hexokinase activity of
the resected specimen; (b) useful for distinguishing malignant
tumors from benign lesions by referring to the cutoff value of
2.0; and (c) regardedas a useful index for predictingprognosis
beforesurgery.Consequently,SUV is a vital index for clinical
assessmentof esophagealcancer.
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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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