
located within the thyroid gland, where localization is difficult.
To facilitate localization ofthe abnormal glands imaging can be
performed with ultrasound, magnetic resonance (MR), com
bined 201Tl/[9@Tc]pertechnetate (T11Tc)subtraction techniques
(1â€”3)and recently @â€œ@Tc-sestamibi(4â€”7).Sestamibi imaging
has a reported sensitivity of 77% overall, with 93% localization
for adenomas and 60% for hyperplastic glands (8). The recent
demonstration of 9@Tc tetrofosmin localization in parathyroid
adenoma (9) led us to compare this agent to ultrasonography
and MR imaging in patients with suspected parathyroid disease.

METhODS

Study Population
We evaluated 26 patients, 7 with primaryand 19 with secondary

hyperparathyroidism (due to chronic renal failure treated with
hemodialysis). There were 9 male and 17 female patients, age
range 18-69 yr (mean 46.6 yr). Hyperparathyroidism was sus
pected in all patients based on an elevated intact PTH value. The
etiology of renal failure in the uremic patients was chronic
glomerulonephritis. Uremic patients were on hemodialysis for
142.3 Â±73.8 mo and were dialyzed three times per week.

Patients were selected for surgical exploration based on the
following criteria: (a) patients with primary hyperparathyroidism,
obvious hypercalcemia and repeated episodes of renal colic due to
kidney stones; and (b) hemodialysis patients with secondary
hyperparathyroidism, who failed to improve on vitamin D therapy
or vitamin D pulse therapy. Although secondary hyperparathyroid
ism due to hemodialysis is more often treated by vitamin D
supplements than by Calcitriol (l,25(OH)2D3) injection, but Cal
citriol is not available in Japan. Parathyroidectomy was performed
on 18 ofthe 26 patients within 1 mo after tetrofosmin imaging. The
seven patients with primary hyperparathyroidism all had surgical
neck exploration, and 11 hemodialysis patients who failed to
respond to vitamin D therapy or vitamin D pulse therapy also had
parathyroid surgery. The location, weight and histopathologic
findings (oxyphil cell count and chief cell count of the excised
glands) were recorded. The remaining hemodialysis patients were
either asymptomatic or were receiving vitamin D or vitamin D
pulse therapy (n = 8) at the time of imaging. One patient receiving
vitamin D therapy died of heart failure 35 days after tetrofosmin
imaging.

Laboratory Data
Immunoreactive intact PTH assay was performed using the

Allegro intact PTH kit (Nichols Institute Diagnostics, San Juan
Capistrano, CA). The serum concentrations of calcium and phos
phate were also measured.

Informed consent for participation in the study was obtained
from each patient or their guardians as part of the protocol
approved by the Institutional Clinical Subpanel on Human Studies
at our university.

Preoperativelocalizationof hyperactiveparathyroidglands is useful
to minimize operative time and reduce patient morbidity. This
investigationcompared the sensitivityof radionuclide imaging with
99mTctetrofosmin with that of ultrasonographyand magnetic reso
nance(MA)imagingin patientswith hyperparathyroidism.Methods:
Twenty-six patients with primary (n = 7) or secondary (n = 19)
hyperparathyroidism were imaged with @Fctetrofosmin, ultra
sound and MR imaging of the neck and thorax to localize the
lesions.The presence of hyperparathyroidismwas identified by an
intact parathyrod hormone in vitro assay. The parathyroid/normal
thyroid tissue activity ratio was calculated for all patients with
evidence of an abnormality on tetrofosmin images. Pathological
findings were compared with the results of imaging in 18 of the 26
patients who underwent parathyroidectomy.ResuIts Technetium
99m tetrofosmin scans demonstrated focal uptake in 46 glands of
26patients.Theuptakewascategorizedasslightin78.3%(36/46)
andintense(parathyroid/normalthyroidtissueactivityratio,>1.4)in
21.7%(10/46).UttrasonographyandMRimagingidentified44and
47 glands, respectively, in these patients. Eleven of the 18 patients
who underwent parathyroidectomy within 1 mo after tetrofosmin
imaging had hyperplastic glands, while 7 had parathyroid adeno
mas. Tetrofosmin imaging successfully localized 7 of 7 (100%)
adenomasand27of37(73.0%)hyperplasticglands.Thesensitiv
ities of each technique for localizingabnormal parathyroidglands
were77.3%(34/44)for tetrofosminimaging;68.2%(20/44)for
ultrasonography;and 682% (30/44)for MR imaging. Technetium
99m tetrofosmin uptake ratio in the 18 patients with surgicalexplo
ration was not proportional to several oxyphil cells. Conclusion:
Technetium-99mtetrofosmin parathyroidimagingmay be usefulfor
localwng abnormal glands in patients with primary and secondary
hyperparathyroidism.The sensitivityof @9@ctetrofosmin parathy
roid imaging was high as compared to ultrasonography or MR
imaging.The prolonged retentionof tetrofosmin may not depend on
the number of mitochondria-rich oxyphil cells.
KeyWords:technetium-99mtetrofosmin;primaryandsecondary
hyperparathyroidism; parathyroid adenoma; hyperplastic parathy
roid;oxyphilcell

J NucIMed1997;3&706-711

Patients withhyperparathyroidismareusuallydiagnosedby a
combination of serum calcium measurements and radioimmu
noassay determination of intact parathyroid hormone (PTH).
The most common etiologies for hyperparathyroidism are
parathyroid adenoma or chief cell hyperplasia. Patients on
chronic hemodialysis are at particular risk for developing
hyperparathyroidism (usually due to chief cell hyperplasia).
Surgical therapy requires localizing the involved gland(s).
While this can be accomplished at the time of surgery in many
cases, there are some patients with ectopic glands or glands
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Technetium-99m-TetrofosminParathyroidImaging
Anterior view images of the neck were recorded at 10 ruin and

2â€”3hr after intravenous injection of @â€˜@â€˜Tctetrofosmin (â€”740
MBq). Images were recorded with a small field of view camera,
equipped with a parallel-hole all-purpose collimator, adjusted to
record a photopeak of 140 keY with a 15% window. Data were
recorded for a preset time of 10 mm (â€”500,000counts) both in
analog form on film and digitally (256 X 256) on a dedicated
computer system. In addition, a large field of view, dual detector
camera and computer system, equipped with a low-energy, high
resolution, parallel-hole collimator were concomitantly used to
record images of the mediastinum from the anterior and posterior
positions -â€”1 hr after the injection of radiotracer. Each acquisition
lasted 10 mm, during which â€”-500,000counts were collected.

Data An@
Visual. Two observers, blinded to the patients' clinical findings,

laboratory data and the results of ultrasonography or MR images,
independently evaluated the images for the presence of abnormal
increased uptake in the region of the thyroid bed or mediastinum.
Early and delayed @â€˜Tctetrofosmin images were displayed side
by side on the computer monitor to detect uptake in the parathyroid
gland.

The initial image, acquired 10 mm after the injection of
radiotracer, was referred to as the â€œthyroidphaseâ€•and the second
image at 2â€”3hr was referred to as the â€œparathyroidphase,â€•as
described by Taillefer et al. (5).

Quantitative Analysis. The neck images recorded at 2â€”3hr were
used to set regions of interest over the normal thyroid parenchyma
and the areas of persistent increased uptake corresponding pam
thyroid glands. Average counts per pixel in the parathyroid were
divided by average counts per pixel in the thyroid region to
calculate the parathyroid/normal thyroid tissue activity ratio (P/T
uptake ratio) (5).

Ultrasonography
All patients underwent ultrasonography within 2 or 3 days after
@Tc-tetrofosminimaging. Real-time scanning with a 7.5-MHz

annular array probe was used to identify abnormal parathyroid
glands. Any hypoechoic mass adjacent, inferior or superior to the
thyroid lobes was considered a positive indication of the presence
of abnormal parathyroid gland. The scans were interpreted by a
single observer, blinded to the result of other imaging studies.

MRI
All patients underwent MR imaging within 1 wk after @Tc

tetrofosmin imaging. MR images were acquired on a superconduct
ing magnet operating at 0.5 or 1.5 Tesla using a neck coil. All
patients were examined in the supine position with their neck
extended as far as was comfortable. Imaging parameters were as
follows: spin-echo sequences (repetition time, msec/echo time,
msec: 400â€”600/15â€”20)for Ti-weighted images, T2-weighted
images (2000â€”3000/90â€”120)and proton-density images (2000â€”
3000/20); 5-mm section thickness without an interslice gap; and
256 X 256 acquisition matrix. Ti-weighted images were also
acquired after administration of gadolinium-DTPA, in the seven
patients with primary hyperparathyroidism (contrast was not ad
ministered to patients receiving hemodialysis). Two observers,
blinded to the result of other imaging studies, independently
evaluated the MR images for the presence ofabnormal parathyroid
glands in the area of the thyroid bed or other ectopic regions.
Abnormalappearanceon Ti- or T2-weighted images, enhancement
after administration of gadolinium-DTPA and short time inversion
recovery (STIR) images with fat supression were used as the
criteria for identifying parathyroid glands. When there was dis

TABLE I
Resultsof Technetium-99m-Tetrofosmin,MRI and

UltrasonographyStudies in 18 Patients

Tetrofosminimaging Adenoma(7)
Hyperplasia@37)

Total

MRI Adenoma(7)
Hyperplasia@37)

Total

TP= true-positiveFN= false-negativetetrofosmin= @â€œTc-tetrofosmin.

agreement, the readers discussed the fmdings and reached a
consensus opinion.

Histopathology
Specimens to be evaluated by light microscopy were fixed in

10% formalin for 24 hr, embedded in paraffin, cut into sections 4
ILm thick and stained with hematoxylin and eosin. Other specific
stains were not used. The following observations were recorded:
(a) specific cells counts in the tumorsâ€”i.e.,oxyphil cell, chief cells
and clear cells; (b) composition of fat; (c) presence/or absence of
necrosis; and (d) the presence/or absence of a tumor capsule.
Specimens for ultrastructural study were cut into 1-mm cubes,
fixed in 2.5% Karnovsky's solution, postfixed in 2% osmium
tetroxide and embedded in Epon. One microsection was treated
with toluidine blue for examination by light microscopy. Ultrathin
sections were stained with uranyl acetate and zinc and examined
with an electron microscope.

The proportion of oxyphil cells, chief cells, and clear cells area
in thetumorwasdeterminedin thelargestcutspecimen.Wetraced
and measured the cells by automatic image processing using
nexusQube@computer image analysis system (10).

S@csi N@la
All quantitative data are expressed as the mean Â±s.d. Quanti

tative data comparison was performed using an unpaired Student's
t-test. A probability level of less than 0.05 was considered
significant.

RESULTS
â€” Data

Intact PTH values ranged from 92 to i960 pg/mi (mean
873.4 Â±844.2 pg/mi; normal range, 10â€”65pg/mI). The serum
concentration ofcaicium ranged from 7.4 to 15.0 mg/mi (mean
10.6 Â±1.5 mg/ml; normal range, 8.5â€”10.5mg/mi). The serum
concentration ofphosphate ranged from 1.7 to 8.7 mg/ml (mean
4.3 Â±2.2 mg/mi; normal range, 2.5â€”4.5mg/mi).

Relationship Between Surgical Findings, Technetium-99m-
TefrofosminImaging,Ultrasonographyand MRI

Seven patients had parathyroid adenomas (7 glands) and i 1
patients had hyperplastic glands (37 glands). A total of 44
glands were resected. In the 18 patients who underwent surgical
exploration, tetrofosmin imaging was found to be sensitive for
detecting abnormal parathyroid glands in 77.3% (34/44); ultra
sonography, 68.2% (30/44); and MM, 68.2% (30/44) (Table 1).
All of seven adenomas were correctly localized in 9@Tc
tetrofosmin imaging, whereas 27 of 37 (73.0%) hyperplastic
glands were localized. The weight of the parathyroid adenomas

7 0
26 11
33 11

7 0
23 14
30 14

5 2
25 12
30 14

Uttrasonography

Total

Menoma(7)
Hyperplasia@37)
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FiGURE1.A48-yr-oldwomanwithprimaryhyperparathyroidism.Thepatientpresented withFddneystones.@ Early @rc-tetrofosminimageshows intense
focal uptakein the nght lower neck (arrow).(B) Delayedimageconfirmsthat this area of uptakecorrespondsto the parathyroidgland. (C)A
gadolinium-enhanced,T1-welghtedMRimage(coronal)of theneckshowstheparathyroidgland(arrow)inthecorrespondinglocation.Exploratorysurgery
revealeda parathyrokladenomainthatlocalion.(D)Histopathologicexaminationof theresectedspecimen(20g)revealedatumorthatconsistedmainlyof
chiefcellswfthsomeclearcell dffferen@atkxi.Therewereno oxyphilcellsand no findingto suggesta malignancy(hematoxylinand eosin,50X).(E@
Ultrastructuralexamination(2000X)revealedtumorcellsnchinglycogen,somemitochondna,occasionallipkldropletsanda fewsecretorygranules.The
diagnosiswasparathyrcidadenoma.

46 (78.3%) glands. More intense focal uptake (PIT uptake ratio,
> 1.4) was seenin the remaining 10 (2 1.7%) glands (Figs. 1â€”3).
There was a significant difference (j < 0.0001) between the
P/T uptake ratio in patients with slightly elevated focal uptake
(n = 36, mean = 1.18; range 1. 10â€”1.33) and that in patients
with intense uptake (n = 10, mean = 1.76; range 1.40â€”3.13).

FiGURE2. A 46-yr-oldwoman with secondary hyperparathyrosdism.@A)
Early @rc-tetrofosminimageshowstwoareasofshghtfocaluptake(arrow)
in the right and left upper neck. (B) Delayed image confirms that these areas
ofuptakecorrespondto theparathyroidglands.Twoareasoffocaluptakein
the nghtandleft lowerneckwereseenon thedelayedimage.Exploratory
surgeryrevealedhyperplasticparathyroidglandsinthatlocation.Theglands
weighed10.8-13.9g Qeftupper,11.9g; leftlower,10.8g; rightupper,12.7g;
rightlower,13.9g).

and hyperplastic glands ranged from 0. 16 g to 20.6 g (mean
3.0 Â±5.5 g). The mean weight of the parathyroid glands was
3.00 g in the true-positive glands (range, 0.28â€”20.6g). The
parathyroid glands in the false-negative group weighed 0.60 g
(range, 0.16â€”1.0g). There was no significant difference in the
weights of the true-positive and false-positive excised parathy
roid glands.

RelationshipBetweenTechnetium-99m-Tetrofosmin
Imaging, Ultrasonography and MRI

Technetium-99m-tetrofosmin localized in a total of 46 para
thyroid glands in the 26 patients. Ultrasonography and MRI
identified 44 and 47 parathyroid glands, respectively. Ectopic
parathyroid glands (thymus and mediastinum) were identified
in five patients. Four of these patients underwent parathyroid
ectomy. Technetium-99m-tetrofosmin imaging detected five
ectopic parathyroid glands and MR imaging detected four
glands (one gland was located outside the region of the MR
coil). All parathyroid adenoma were detected by Ti-weighted
images and showed enhancement after administration of gado
linium-DTPA.

RelationshipBetweenFocalUptakeinVisualMalysis and
P/T Uptake Ratio.

The P/T uptake ratio was calculated from the delayed images
in all 26 patients with evidence of an abnormality on the
tetrofosmin images. Technetium-99m-tetrofosmin scans dem
onstrated minimal focal uptake (PIT uptake ratio, < 1.4) in 36 of

A
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FIGURE5@Relationthipbetween P/T uptake ratioand the percent of chief
cellcount

tetrofosmin uptake revealed intense focal uptake of parathyroid,
oxyphil cell count showed 0%. Although tetrofosmin uptake
revealed slight uptake in three patients, oxyphil cell count
ranged from 68 to 70%. There was not a significant difference
between true-positive and false-negative oftetrofosmin scans in
each percentage of oxyphil cell and chief cell count (Table 2).
Clear cells were seen in one specimen and its count was 3%.

DISCUSSiON
Several studies have confirmed the usefulness of T1/Tc

subtraction scintigraphy in evaluating patients with parathyroid
glands (1,3,11,12). However, the hyperpiastic parathyroid
glands in hemodialysis patients show slight focal uptake and are
difficult to identify. Kessler et al. (12) reported that repeat
surgery performed after the initial parathyroidectomy failed for
hyperplastic parathyroid glands in 9 of 105 patients. Adalet et
al. (13) found that T1/Tc subtraction scintigraphy was able to
localize only 5 of 20 hyperplastic glands.

O'Doherty@et al. (6) compared the Ti/Tc subtraction tech
nique and@ Tc-sestamibi in 40 adenomas, 37 of which were
localized with the Tl/Tc subtraction technique and 39 of which
were localized with 9@Tc-sestamibi. Further, Taillefer et al. (5)
introduced the double@ase technique (comparison of early
and late images) using Tc-sestamibi for detecting abnormal
ities of the parathyroid gland. Those authors defined the early
image as the thyroid phase and used the later image to identify

TABLE 2
Results of Oxyphil Cells and Chief Cells

%
100-

80.0

@ 0.0

@60-

@? rO.125

@ 0 11=34
p@40.@ p=O.48

@00

20

1.0 1.5 2.0 2.5 3.0 3.5 4.0

PiT uptake ratio
Oxyphilcells(%)15.5Â±25.68.9Â±11.9nsChief

cells(%)84.8 Â±25.791 .1Â±11.9ns

FIGURE4. Relationshipbetween P/I uptake ratioand the percent of oxyphil
cellcount.
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FiGUREa A 32-yr-oldwoman withan adenomatousparathyroidgland
pafientpresentedwithkidneystonesand hypercalcemia.(A@Eatly @9c-
tetrofosminimageshowsfocaluptakein the right lowerneck(arrow).(B)
Delayedimageconfirmsthatthisareaof uptakecorrespondsto a parathy
roidgland.(C)Gadolinium-enhancedTi-weightedMRimage(axial)of the
rightlowerneckshowsthe parathyroidgland(arrow)in the corresponding
location. Exploratory surgery revealed adenomatous parathyroid gland in
that location.Theglandweighed1.5g.

RelationshipBetweenOxyphilCell Countand Tetrofosmin
Uptake in ParathyroidGlands

Pathological findings were evaluated by the specific cell
count in the 18 parathyroidectomy patients. The oxyphil cell
count ranged from 0 to 8 1%. There was no correlation between
the P/T uptake ratio and the percentage of oxyphil cell count or
chief cell count (Figs. 4 and 5). In one patient (Fig. 1), although



the parathyroid glands. This approach avoided many of the
drawbacks of TlfFc subtraction method. Although it is believed
that the single-radiotracer, double-phase @â€˜@â€˜Tc-sestamibitech
nique is accurate, easy to perform and provides images of high
quality, the early and late 9@Tc-sestamibi imaging may fail to
detect some parathyroid adenomas because ofa similar washout
from the parathyroid adenoma and the normal thyroid gland

@ 14). However, Lee et al. (8) reported that double-phase
9mTcses@ibi imaging was a promising technique for local

ization of parathyroid glands, especially in patients with ade
noma. Hence, we applied the early and late imaging technique
to tetrofosmin imaging, an agent which can be labeled at room
temperature (15) and rapidly clears from most tissues except the
myocardium.

Comparison of Technetium-99m-Tetrofosmin Parathyroid
Imaging, Ultrasonography and MRI

In the 18 patients who underwent surgical exploration to
resect abnormal parathyroid glands, the sensitivity for detecting
abnormal parathyroid glands by tetrofosmin imaging was
77.3%; that by ultrasonography was 68.2% and that by MRI
was 68.2%. All seven adenomas were correctly localized,
whereas 27 of 37 (73.0%) hyperplastic glands were localized.
Tetrofosmin parathyroid imaging in patients with parathyroid

@1andsshowed a high sensitivity, similar to findings with
@@Tc-sestamibi(11â€”13).One patient in the current series was

seen after surgical removal of three hyperplastic glands had
failed to improve his clinical condition. The remaining para
thyroid gland was ectopically located in the thymus and was
revealed by tetrofosmin imaging. Likewise, another patient had
an ectopic parathyroid adenoma in the anterior mediastinum
(Fig. 3) that was not detected by ultrasonography. After
tetrofosmin imaging, MRI localized an ectopic parathyroid
gland. Thus, radionuclide parathyroid imaging was useful in
redirecting the MRI.

Diffuse enlargement of the thyroid gland reduces the ability
of high-frequency ultrasound to detect posteriorly located
parathyroid glands when high-resolution transducers with a
short range of depth are used (16). Thus, 9@Tc-tetrofosmin
parathyroid imaging proved more useful than ultrasonography
in localizing ectopic parathyroid glands.

MRI has a high incidence of false-positive results, especially
for cervical glands (17). The sensitivity of MRI was not as high
as radionuclide imaging in our evaluation of patients undergo
ing parathyroidectomy. One gland was located outside the
region of the MR coil, and MRJ failed to identify an ectopic
parathyroid gland. Our data suggest that the neck coil used for
MRI should be selected to localize abnormal parathyroid glands
after the anatomic guidance of 99mTc@tetrofosminimaging.

MRI and ultrasound offer the advantage of defining the
anatomy surrounding the thyroid/parathyroid structures. As a
result, some surgeons may prefer these procedures as the initial
approach to evaluate patients with hyperparathyroidism. Al
though information about surrounding structures is important in
planning surgery, especially in patients who have prior neck
explorations, it is also important to know where the abnormal
gland(s) are located. In this study, neither MRI nor ultrasound
was as sensitive as radionuclide imaging for the detection of
abnormal parathyroid glands. As a result, it is likely that these
imaging modalities may be used together in the preoperative
evaluation of patients evaluated for parathyroid surgery.

Overall, the sensitivity of 99mTc@tetrofosmin imaging in
localizing adenomatous or hyperplastic parathyroid glands in
the 18 patients who underwent parathyroidectomy was 77.3%.
Sensitivity was lower in hyperplastic glands (73.0%). Taillefer

et al. (5@escribed two patients with parathyroid hyperplasia in
whom Tc-sestamibi imaging revealed very focal uptake in
one and a normal finding in the other. Likewise, Lee at al. (8)
reported a lower sensitivity for hyperplastic glands than for
adenomas. Piga et al. (18) reported that the sensitivity for
hyperplastic parathyroid glands was 74% with 9@'Tc-sestamibi

@arathyroidimaging, similar to the finding in this study using
@Tc-tetrofosmin.Tetrofosmin imaging may be of value for

localization of multiple hyperplastic glands in hemodialysis
patients with secondary hyperparathyroidism. In Japan, only a
small number of renal transplants are performed, and many
patients with chronic renal failure receive hemodialysis. Hence,
we believe that while intact PTH in vitro assay is useful, a
simple technique for morphologic imaging may ultimately be
required to localize the abnormal parathyroid glands in patients
who fail medical therapy.

Cellular Kinetics of TetrOfOSmIn
Sandrock et al. (19) reported that the ability to detect

abnormal parathyroid glands in patients using Tl/Tc subtraction
scintigraphy may depend on the presence of mitochondria-rich
oxyphii cells within the abnormal parathyroid tissue. Several
researchers reported that the mitochondrial content influenced
the retention of sestamibi, and that the retention of sestamibi
was proportional to the cellular and mitochondrial transmem
brane potential gradient (20,21). Benard et al. (22) proposed
that mitochondria-rich oxyphil cells made a logical target for
the prolonged retention of 9@'Tc-sestamibi usually observed in
abnormal parathyroid glands. However, Lee et al. (8) reported
that the percentage of oxyphil cells was not a statistically
relevant factor. Interestingly, we observed one patient (Fig. 1)
with a parathyroid adenoma consisting mostly of chief cells
without mitochondria. The adenoma in this case showed intense
uptake of @â€˜@â€˜Tc-tetrofosmin,inconsistent with the previous
TlITc subtraction method report by Sandrock et al. (19) but
consistent with that of @â€˜@â€˜Tc-sestamibireport described by Lee
et al. (8). Our data suggested there was no association between
the number of oxyphil cells or chief cells and the P/T uptake
ratio oftetrofosmin. Further, the abnormal parathyroid glands in
patients with secondary hyperparathyroidism consisted mainly
of chief cells, but not oxyphil cells. There were a small number
of patients who showed intense uptake in hyperplastic parathy
roid glands. Younes et al. (23) reported that the accumulation of
9@Tc-tetrofosmin by mitochondria was related to their ability
to transduce metabolic energy into an electronegative mem
brane potential. We therefore emphasize that 9@Tc-tetrofosmin
imaging may not reflect a prolonged retention ofthe radiotracer
in the mitochondria-rich oxyphil cells because of the small
number of oxyphil cells on histologic examination of the
parathyroid. Our data thus suggest that mitochondrial content
does not influence the retention of tetrofosmin.

CONCLUSION
Technetium-99m-tetrofosmin parathyroid imaging appears to

be useful for the preoperative localization of abnormal parathy
roid glands. Compared to ultrasonography or MRI, the sensi
tivity of 9@Tc-tetrofosmin parathyroid imaging was high. The
prolonged retention oftetrofosmin seemed to be independent of
the oxyphil cell count. Findings suggest this radiopharmaceu
ticals is useful in imaging studies of the parathyroid glands.
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the use of displacement doses of nonlabeled octreotide, and we
have evaluated the results of this novel approach with a
biological model of the in vivo behavior of labeled pentet
reotide as a receptor ligand. This report describes an individual
patient where the results ofthe study had a significant influence
in clinical management.

CASE REPORT
A 31-yr-old woman was admitted to the endocrinology unit at

the University of Florence for suspected Cushing's syndrome. The
presence of the syndrome was confirmed by high levels of urinary
free cortisol, plasma cortisol and plasma ACTH, absence of
circadian rhythm in cortisol secretion, absence of cortisol and
ACTH response to insulin-induced hypoglycemia and absence of
suppression in plasma cortisol and ACTH after 2 mg of oral
dexamethasone.

An ACTH-dependent Cushing's syndrome due to an ectopic
secretion was suspected because plasma cortisol and ACTH were
not suppressed after administration of 8 mg oral dexamethasone
and did not increase after 100 @gintravenous human CRF.

MRI of the pituitary showed a slight bulging of the superior
profile of the gland, which was considered a possible indirect sign
of the presence of a pituitary microadenoma. However, petrosal
venous sampling on both sides failed to demonstrate any ACTH
gradient before and after stimulation with CRF (Table 1). An
abdominal CT scan showed normal adrenal glands. Plasma ACTH
was not suppressed by the administration of 100 @gintravenous
octreotide. A second multiple venous sampling along the main
venous tree (from the superior vena cava to the iliac veins) was
performed and again no ACTH gradient was found (Table 2).

Chest MRI and a second abdominal CT scan, performed in an
attempt to reveal the ectopic source of ACTH, failed to show
significant fmdings. Therefore, despite the lack of ACTH suppres

Thisreportdescribesa techniquethatincreasesthespecificityof
1â€œIn-pentetreotide as evaluated in a patient with ectopic Cushing

syndrome. Methods: Two separateSPECTstudieswere performed
with different pharmacologic protocols, both including treatment
with cold octreotide.The imagingprotocol providesacquisitionsat 4
and 24 hr after injection.The quantitative approach was based on
the AOl activity (manually designed) of an area of pathological lung
uptake (ROl-T) versus background (AOl-Ni). Histologk@al,histo
chemical and specffic mRNA measurements confirmed the pres
ence of an SSR2 receptor carcinoid in the lung. Results The time
course of ROl-T/ROl-NT is a linear increase between 4 and 24 hr.
Washout withcold octreotide diminishedthe ROl-Tactivitycontent
andthesaturationprotocolincreasedROl-T/ROl-NT,confirmingthe
specific nature of the uptake. Conclusion: Displacementand satu
ration protocols in @â€˜1ln-pentetreotide imaging demonstrated the
specificityoftumorbinding.
Key Words somatostatin receptors; indium-i 11-pentetreotide; oct
reotide;ectopic Cushing syndrome
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Theuseofâ€˜Iâ€˜In-DTPA-D-Phe-pentetreotideinthescinti
graphic diagnosis of well-differentiated neuroendocrine tumors
has been reported (1,2), but a model-based approach and/or the
use of pharmacological interventions have not been used to
increase the specificity of the imaging procedure, which is
hampered by false-positive results due to unspecified binding in
the tumor.

We have tried to characterize the in vivo distribution of
111In-pentetreotide with a combined kinetic uptake study and
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