
Double-phase planar scintigraphy using @Tc-MIBIhas been
introduced as a means to detect and localize parathyroid ade
nomas. Focal uptake on both early and delayed imaging is
typical of these entities. We report a patient with persistent hy
percalcemia following subtotal parathyroidectomy, who was
foundscintigraphicallyto have an ectopicparathyroidadenoma.
Following initial detection within the mediastinum using planar
scintigraphy,the adenoma was more precisely localizedusing
SPECT imaging.This case suggests that double-phase para
thyroid planar scinligraphy augmented with SPECT imaging, if
needed, is cost-effective, and often necessary, in the assess
ment of primary hyperparathyroidpatients before surgical re
exploration.
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he incidence of primal)' hyperparathyroidism is now
higher than previously suspected with the increasing phy
sician awareness and relative ease with which accurate
screening laboratory studies are obtained. Since the clini
cal presentation of primary hyperparathyroidism is widely
variable, it is not unusual for patients to be identified with
little, if any, concurrent hypercalcemic complications.

The previously described differential washout and opti
mal Anger camera characteristics of @Tc-MIBImake it a
promising agent for routine preoperative localization of
parathyroid adenomas. In this patient, SPEC].' imaging

augmented the planar findings in such a way that the sur
gical approach was appropriatelyaltered to facilitate suc
cessful excision.
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A 32-yr-oldwomanwithotherwiseunremarkablepastmedical
and family histories was found to have primary hyperparathyroid
ism based on markedly elevated serum calcium, hypercalciuria
and elevated intact parathyroid hormone levels. Because of her
young age, high urinary calcium levels and a possible risk for
progressive bone loss, she was referred to surgery for neck ex
ploration.

Intraoperatively, four hyperplastic parathyroid glands were vi
sualized and pathologically confirmed. No adenomawas identified
in the young patient. Near-total 3 Â½-glandparathyroidectomy was
performedwithout complications.Histopathologicexamination
confirmed the hypercellularity of four distinct parathyroid glands.
Subsequent endocrinologic evaluation ruled out the possibility of
multiple endocrine neoplasia syndrome.

Postoperatively, the patient remained biochemically hyperpar

athyroid, thus further localizing imaging modalities were per
formed to locate an ectopic parathyroid adenoma. Noncontrast
Cr oftheneckandchestwerenegativeaswellasUSoftheneck.
After intravenous administration of 740 MBq (20 mCi) @â€˜Tc
MIBI, planar parathyroid scintigraphy, as described by Taillefer
et al. (1), revealed a small focus of activity within the chest
(Fig. 1). Repeat planar scintigraphy demonstrated similar findings.

Delayed SPECT of the neck was then performed with a dual
head, large field of view gamma camera. Low-energy all-purpose
parallel-hole collimators were used for 360Â°acquisition at 30 sec/
stop over 45 stops. A 128 x 128word matrix was used to acquire
the raw data obtained over a 20% symmetric energy window
centered on 140keV. The corrected data were reconstructed with
a Butterworth filtered backprojection technique. Final filtered im
ages produced 5.28 mm slices. SPECF imaging further localized a
focus7 cm deepwithinthe anteriormediastinumat the T4verte
bral body (Fig. 2).

Subsequent high-resolution CT of the mediastinum revealed a
possible ectopic parathyroid adenoma in the area of the remnant
thymus. Fat-suppressed MRI did not corroborate this finding.
Arteriogramof the internalmammaryarteriesrevealeda â€œtumor
blushâ€•in the anterior mediastinum, fed by the second segmental
branch of the right internalmammaryartery (Fig. 3).

The patient was taken to surgery and a median sternotomy was
performed. The ectopic parathyroid was found in the scintigraphic
location (Fig. 4). After pathologic confirmation of a frozen spec
imen, it was excised and a total thymectomy performed. The
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FiGURE 1. Imagesobtained15 mm(A)and2 hr (B)postinjection
show an abnormal focus of activityin the thorax (arrow and arrow
head, respectively). Increased intensityover time is suggestive of a
parathyroid adenoma.

remaining parathyroid tissue was cryopreserved for possible fu

ture re-implantation.
Histopathologic examination of the fixed surgical specimen

confirmedthe tissue as a parathyroid adenoma. The patient's
biochemical profile returned to normal postoperatively.

DISCUSSION

Primary hyperparathyroidism is the most common cause
of hypercalcemia in adults. Autonomous parathyroid tissue
leads to excessive parathyroid hormone concentrations, in
spite of elevated serum calcium levels. Clinical manifesta
tions are highly variable, and may be completely asymp
tomatic, insidious over many years, or accelerated and

FIGURE 2. SPECT imagingwas usedto furtherlocalizean ab
normal focus of activity before additional surgery. Representative
slices from the coronal (A),sagittal (B) and transverse (C) projec
tions pinpoint the abnormal focus within the anterior mediastinum
(curved arrow). The remaining anterior planar image (D)was used
as a reference.
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FIGURE 3. Arteilogramof the nghtinternalmammaryarteryre
vealeda lumor blushâ€•(arrowhead)whichcorrespondsto the scm
tigraphicfindings.

overt. Symptoms may range from recurrent renal stones
and accelerated bone loss, to that associated with severe
hypercalcemia or disabling fractures. Enlargement of a

single parathyroid gland is the cause in approximately 85%
of cases. Of these, the vast majorityare due to adenomas,
whereas parathyroidcarcinomas are extraordinarilyrare.

FiGURE 4. An ectopioparathyroidadenoma was found in the
loweranteriormediastinum,as indicatedscmntigraphically.This in
traoperative image shows a ligaturearound the adenoma's vascular
pedicle (arrow)and ligatureson the dissected adenoma itself
(curved arrow).
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The remaining 15%are due primarilyto chief-cell hyper
plasia (2).

Disease incidence increases with age and occurs more
often among women; peak incidence is between the third
and fifth decades. The overall incidence of primaryhyper
parathyroidism appears greater than previously suspected,
largely due to increased physician awareness, wider use of
multichannelanalyzers and increased accuracy in the bio
chemical assessment of parathyroidhormone levels (2).

Ectopic adenomas occur in 6%â€”1O%of cases, in loca
tions such as the thymus, thyroid, pericardiumor behind
the esophagus. The reported incidence of ectopic hyper
plastic parathyroidglands ranges from 7% to 47% (3).

Although most cases of primary hyperparathyroidism
are sporadic, those due to hyperplasia may be familial,
inherited as an autosomal dominant trait. In some patients,
hereditary primal)' hyperparathyroidism occurs as part of a
complex of endocrinologic disorders: Type I multiple en
docrine neoplasia (MEN I, Wermer's syndrome)â€”hyper
parathyroidism, pancreatic islet cell tumor and pituitary
tumor; or MEN II (Sipple's syndrome)â€”hyperparathy
roidism, medullary carcinoma of the thyroid and pheochro
mocytoma (2).

Confirmed primary hyperparathyroidism often warrants
surgical intervention. The success rate of an experienced
endocrine surgeon in removing an adenomatous gland
without preoperative imaging has been reported to be in
the range of 85%â€”98%(4,5). Postoperative patients with
persistent or recurrent hypercalcemia, however, usually
undergo imaging studies to localize ectopic parathyroid
tissue prior to repeat surgery (5).

Although no single imaging modality is clearly superior,
a multimodality approach, including scintigraphy, CT,
Mm and real-time sonography, improves localization ac
curacy (5). The primary strength of radionuclide parathy
roid scintigraphy over anatomic imaging modalities is its
unaffected sensitivity (â€”70%)and specfficity (90%) follow
ing initial parathyroid surgery (4).

Computed tomography can visualize retrotracheal, ret
roesophageal and mediastinal parathyroid adenomas (4),
but its postoperative images are diminishedby metal clips
and distorted tissue planes (5).

Postoperative MRI sensitivity is about 75%(2) and pos
itive predictive values are between 77% and 95% (5). Po
tential disadvantages of this modality include its cost, po
tential for artifactualfindings and low specificity (5).

There are two radionuclide techniques currently avail
able to image parathyroidadenomas: (a) dual radionucide
subtraction scintigraphy with 201'fl and [@TcJpertechne
tate (6) and (b) double-phase single radionuclidescintigra
phy with @â€œ@Tc-MIBI(1,7).

Tumor size is an important consideration with regard to
scintigraphic sensitivity. For adenomas greater than
500 mg, the reported sensitivity using the 201'p@
[@Tc]pertechnetate subtraction technique is 90% (4). Us

ing the double-phase @Tc-MIBItechnique, Tailleferet al.
reported a 90% sensitivity in adenoma detection, with tu
mor size rangingfrom 150mg to 8.0 g (1). In a subsequent
study, O'Doherty reported a detection sensitivity of 98%
for adenomas rangingfrom 194 mg to 5.02 g (8).

The @Tc-MIBItechnique offers several advantages
over 201Tl4@'Tc]pertechnetate:

1. Technetium-99m imaging characteristics are far supe
rior than those of 201'fl

2. Differential washout over time allows for straightfor
ward interpretation,

3. Patient throughout is optimized, without time-con
suming, subtraction-related image acquisition and
processing (1).

Localization of @â€œ@Tc-MIBIis presumably due to its
cytoplasmic and mitochondrial sequestration in response
to the negative membrane potentials generated across the
respective bilayers (1,8). Sandrocket al. demonstratedthat
parathyroid adenomas had high concentrations of mito
chondria (9). Parathyroidadenomas have a much greater
avidity for @Tc-MIBIthan that of surroundingtissue; in
addition, there is a slower differentialwashout from the
adenomatoustissue. These processes together allow for an
optimal target-to-background ratio and clear scintigraphic
visualization on delayed images (1,8). The addition of
SPEC!' imaging in our patient clearly demonstrated its
utility in precisely localizing adenomas and proved helpful
to the surgeon in pinpointing the operative site.

Although experienced surgeons possess extremely high
initial surgical success rates without preoperative tumor
localization, this case suggests that preoperative planar and
SPEC!' scintigraphyis cost-effective in precisely localizing
ectopic foci and thereby directingtheir surgical excision.
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