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Dual radionuclide imaging using a combination of 2°'Tl with
either ®™TcO,~ or '2| is recognized as a useful procedure in
the preoperative localization of parathyroid adenomas. Re-
cently, ®"Tc-sestamibi (MIBI) has been introduced for myo-
cardial perfusion imaging as an alternative to 2°'Tl. The pur-
pose of this prospective study was to evaluate parathyroid
scan using early and late imaging following MIBI injection.
Twenty-three patients (21 F, 2 M, mean age: 57 yr) with a
clinical and biologic diagnosis of hyperparathyroidism were
submitted to a MIBI study prior to surgical exploration of the
neck. Cervico-thoracic planar imaging (anterior view, 10 min/
view) was performed at 15 min and at 2-3 hr after an
intravenous injection of 20-25 mCi of MIBI. A positive MIBI
scan for parathyroid adenoma was defined as an area of
increased focal uptake which persisted on late imaging, con-
trary to the uptake in the normal thyroid tissue which pro-
gressively decreases over time (differential washout). Surgical
exploration of the neck, performed between 1 day and 72
days (average: 16 days) after the MIBI study, showed a
parathyroid adenoma in 21 patients and hyperplasia in two
patients. MIBI scan correctly detected and localized 19/21
adenomas (90%). In conclusion, parathyroid imaging using a
single radionuclide with MIBI (early and late study with differ-
ential washout analysis) is a promising procedure in the
preoperative detection and localization of parathyroid adeno-
mas in patients with primary hyperparathyroidism.
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Hyperparathyroidism is a condition characterized by
an excess secretion of parathyroid hormone by adenoma-
tous or hyperplastic glands (/). Between 80% to 95% of
patients with hyperparathyroidism have a solitary ade-
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noma of the parathyroid glands. Different imaging tech-
niques have been used for detection of abnormal parathy-
roid glands such as high resolution ultrasonography, com-
puterized tomography, arteriography, venous sampling or
magnetic resonance imaging (2-5). Radionuclide proce-
dures have been also involved in the detection and local-
ization of parathyroid adenomas (6-7). Among the several
different techniques available for parathyroid radionuclide
imaging, the most common is the use of a dual-radioiso-
tope procedure combining of [*'T1]thallous chloride with
either [*™Tc]pertechnetate or '’I (8). However, there are
some controversies regarding the optimal technical aspects
of this procedure, including the relative amount of injected
dose of radiotracers, the order of injection of the radiotra-
cers, the computer subtraction technique and computer
alignment procedures. The use of a single radionuclide
method would be very useful to solve these technical
limitations.

Technetium-99m-sestamibi has recently been intro-
duced for myocardial perfusion imaging as an alternative
to 2°'T1 (9-12). The purpose of this prospective study was
to evaluate parathyroid scintigraphy using a single radi-
otracer method with ®™Tc-sestamibi, in the preoperative
detection and localization of parathyroid adenomas in
patients with known hyperparathyroidism.

PATIENTS AND METHODS

Patient Population

Over an 18-mo period, 23 consecutive patients with biochem-
ical confirmation of hyperparathyroidism (inappropriate level of
parathyroid hormone associated with elevation of serum calcium
concentration) were prospectively studied with *™Tc-sestamibi
planar parathyroid scintigraphy. All these patients were scheduled
to undergo surgical exploration of the neck. Histopathologic
correlation was obtained in every patient. Eight of these patients
also had a [*'Tl]thallous chloride/*™Tc-sodium pertechnetate
dual radiotracer parathyroid scan before the surgery.
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Preoperative serum parathyroid hormone levels were deter-
mined for all patients using a radioimmunoassay that measured
the intact PTH. The results of *™Tc-sestamibi (detection and
specific localization of parathyroid adenomas) were known to the
surgeon preoperatively. All parathyroid glands were identified at
surgery and the gross surgical findings, location of parathyroid
adenomas, weight of excised glands and histopathologic findings
were recorded for each patient.

%mTc-Sestamibi Parathyroid Imaging

The labeling efficiency of *™Tc-sestamibi was assessed by thin
layer chromatography before the intravenous injection. The per-
centage of *™Tc-sestamibi labeling was always more than 95%.
Patients were injected with 20-25 mCi of **™Tc-sestamibi without
any specific preparation. Planar imaging of the neck and upper
portion of the thorax (and mediastinum) was done in the anterior
view with the patient supine and the head and neck extended and
immobilized. Other optional views (anterior oblique or lateral
views) were performed only when judged necessary. Analog im-
ages were acquired with a preset-time mode of 10 minutes for
each image using a large field-of-view scintillation camera with a
low energy, high resolution, parallel hole collimator. The zoom
factor varied from 1.0 to 1.5. Digital data (128 X 128 matrix)
were also acquired during 10 min. Two sets of images were
obtained, the initial set at 10-15 min and the second set at 2-3
hr after the injection of the radiotracer.

20'T1/[** Tc]Pertechnetate Dual Radiotracer
Parathyroid Imaging

In 8 of the 23 patients, a second radionuclide imaging of the
parathyroids was performed using a dual tracer scintigraphic
procedure with [*°'Tl]thallous chloride and *™Tc-sodium per-
technetate. The patient was positioned under the scintillation
camera after the intravenous injection of 2-3 mCi of *°'Tl. An
anterior view of the neck and upper thorax was obtained 15-20
min later, for a duration of 10 min. After recalibration of the
gamma camera and without movement of the patient, a dose of
5 mCi of ®™Tc-pertechnetate was injected and a second image
was acquired. Subtracted images were then generated using the
computerized data.

Data Analysis

Localization studies with ®™Tc-sestamibi were evaluated and
the results were made available to the surgeon before the surgery.
For the purpose of the study, all images were retrospectively read
by two blinded observers without knowledge of the results of
surgery and histopathologic diagnosis in each patient.

The initial image, obtained at 10-15 min after the injection of
9mTc-sestamibi, was used as the “thyroid” phase of the study
since this radiopharmaceutical is rapidly concentrated in the
thyroid parenchyma. The second image performed between 2-3
hr after the injection corresponded to the delayed or “parathy-
roid” phase.

Both initial and delayed analog images of a given patient were
placed side by side for comparison. A positive *™Tc-sestamibi
study for the presence of a parathyroid adenoma was defined as
a focal area of increased uptake of the radiotracer in projection
of the thyroid bed and surrounding areas or mediastinum which
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showed either a relative progressive increase over time or a fixed
uptake which persisted on delayed imaging, contrary to the
uptake in the surrounding normal thyroid tissue which progres-
sively decreases over time (differential washout analysis). Observ-
ers were asked to give the exact location of the parathyroid
adenoma: right or left side; upper, lower or ectopic location. The
interpretation of the scintigraphic data was done only on the
analog images, obtained in the anterior view.

On a second reading session performed many weeks after the
initial one, the same blinded observers randomly interpreted early
and delayed parathyroid images separately. They were asked to
read a single image at a time (early or delayed) and to give the
location of the adenoma.

Digital images were used only to evaluate the parathyroid
adenoma/normal thyroid tissue uptake ratios as part of the
differential washout analysis. One region of interest (ROI) was
drawn over the area of persistent increased uptake corresponding
to the parathyroid adenoma and a second one over the normal
thyroid parenchyma. The parathyroid adenoma/normal thyroid
tissue ratio was then calculated for both early and delayed imag-
ing.

Technetium-99m-sestamibi parathyroid scintigraphy results,
surgical reports, and pathologic findings were analyzed for each
patient. Pathologic reports were reviewed for the histology of the
lesions as the size or weight determinations of the parathyroid
adenomas. These data were compared with the findings at the
surgery with attention directed to the exact anatomic location of
adenomas. The *™Tc-sestamibi study was judged to be accurate
only if the parathyroid adenoma was precisely located. Accurate
lateralization alone was not sufficient for the determination of
the procedure sensitivity.

Statistical Analysis

All data are expressed as mean plus or minus one standard
deviation. Sensitivity was defined as the number of true positives
divided by the sum of true positives and false negatives. A paired
Student’s t-test was used to analyze the differences in uptake
ratios.

RESULTS

Patient Population

Twenty-three patients were included in this study. There
were 21 women and 2 men; their ages ranged from 31 to
87 yr with a mean age of 57 yr. It was the first neck
exploration for all patients. Preoperative serum parathy-
roid hormone levels ranged from 7 to 31 pmol/liter (mean
16 £ 7 pmol/liter, normal range = 1.0-6.4 pmol/liter).
Serum calcium levels ranged from 2.50 to 3.92 mmol/liter
(mean 2.91 + 0.28 mmol/liter, normal range = 2.12-2.58
mmol/liter).

The mean time interval between *™Tc-sestamibi para-
thyroid scintigraphy and the surgery was 16 days (range of
1-72 days). Thallium-201/[**™Tc]pertechnetate dual-
tracer parathyroid imaging, performed in eight patients,
was separated from the *™Tc-sestamibi study by a mean
time interval of 4 days (2-12 days).
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Correlation Between Surgical and Scintigraphic
Findings

From the operative and histologic results, 21 patients
were found to have solitary parathyroid adenomas and
two had parathyroid hyperplasia. The weight of parathy-
roid adenomas varied from 150 mg to 8.0 g (mean of 1.6
+0.9 g).

Technetium-99m-sestamibi parathyroid scintigraphy
correctly identified and precisely localized 19 out of the
21 adenomas: 8 in right lower neck, 7 in left lower neck,
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2 in right upper neck and 2 in left upper neck (Figs. 1-6).
The sensitivity of **™Tc-sestamibi study to localize para-
thyroid adenomas was 90% (19/21). In two patients,
#mTc-sestamibi study detected an area of persistent in-
creased uptake, but the final scintigraphic diagnosis did
not exactly correspond to the surgical findings. In one
patient, the *™Tc-sestamibi scan showed a right lower
neck lesion while the surgery detected a right upper neck
adenoma of 175 mg. In the second patient (Fig. 7), the
9mTc-sestamibi study demonstrated two areas of increased

FIGURE 1. Technetium-99m-sesta-
mibi parathyroid imaging (planar anterior
view) obtained at 15 min (A) and 2 hr (B)
postinjection. (A) The thyroid parenchyma
is visualized with an increased focal up-
take in the left lower neck. (B) On delayed
imaging, only the parathyroid adenoma
(400 mg) is clearly seen (left lower neck,
arrow).

FIGURE 2. The early **™Tc-sestamibi
imaging shows a uniform thyroid distribu-
tion and an increased focal uptake in the
left lower neck (arrow). (B) On delayed
imaging (2 hr) the parathyroid adenoma
(3.5 g) is well visualized at the same level
(arrow).

FIGURE 3. (A) The early ® Tc-sesta-
mibi scintigraphy shows a normal and rel-
atively uniform thyroid uptake. (B) How-
ever, on delayed imaging (2.5 hr), there is
an increased focal uptake in the left lower
neck corresponding to a parathyroid ade-
noma (300 mg) at this level (arrow).
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FIGURE 4. (A) Early %™Tc-sestamibi
parathyroid imaging showing a uniform
thyroid uptake with a slight focal uptake in
the left lower neck (under the left thyroid
lobe). (B) The delayed image demon-
strates an inverse pattern, the thyroid up-
take decreased over time while the relative
uptake in the parathyroid adenoma (2.5 g)
increased (arrow).

FIGURE 5. (A) Thallium-201 cervico-
thoracic scintigraphy showing a relatively
uniform thyroid uptake except for a slight
assymetry in the right lower neck (which
was considered as being within normal
range on 2°'TI/[®"Tc]pertechnetate dual
radiotracer scintigraphy). (B) A delayed
%mTc-sestamibi parathyroid imaging was
obtained 3 days later and showed a sig-
nificant lesion at the same level (arrow).
Surgery revealed a right lower neck para-
thyroid adenoma (2.0 g).

uptake, one, larger and more intense involving the left
lower neck; the second one, smaller and less intense, at
the level of the right lower neck. Surgery revealed a follic-
ular adenoma of the left thyroid lobe (2 X 1.5 cm) and a
parathyroid adenoma of the right lower neck (400 mg).
Surgery detected two cases of parathyroid hyperplasia.
In one patient, the ®™Tc-sestamibi study was completely
normal, while the other showed a very slight focal uptake

in the left lower neck. The final interpretation of the *™Tc-
sestamibi scan in this particular case was that the study
was probably normal.

Although the initial image, obtained at 10-15 min after
the injection of *™Tc-sestamibi, was used mainly as an
anatomical reference (“thyroid phase”) for the second set
or delayed imaging, the observers were asked to interpret
independently the initial images only. The criterion for a

C

FIGURE 6. Early (A) and delayed (B) ®"Tc-sestamibi imaging showing a left lower neck parathyroid adenoma (arrow). The same
lesion was seen on a 2°'Ti scan (C) performed 4 days later. The parathyroid adenoma/normal thyroid tissue activity ratio is much
more increased with *™Tc-sestamibi. Surgery revealed a 1.5 g parathyroid adenoma.
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positive study for parathyroid adenoma on the initial
imaging was a relative focal increased uptake. This was
seen in 15 of the 21 patients (sensitivity of 71%) with
parathyroid adenomas.

Parathyroid adenoma/normal thyroid tissue activity ra-
tio was quantitatively determined in 15 patients in whom
complete (both early and delayed imaging) computerized
data were available. This ratio was 1.24 + 0.23 for the
initial phase and 1.46 + 0.20 for the delayed phase (p <
0.001).

Technetium-99m-sestamibi parathyroid imaging results
were compared to dual radionuclide (*°'T1/[*™Tc]pertech-
netate) parathyroid study obtained in eight patients. Sur-
gery detected the parathyroid adenomas in all these pa-
tients. The *™Tc-sestamibi study correctly localized the
adenomas in all of them (sensitivity = 100%) while the
dual radionuclide procedure showed an adenoma in six of
eight patients (sensitivity = 75%).

DISCUSSION

Although an experienced surgeon will be able to localize
up to 90%-95% of parathyroid adenomas during an initial
neck exploration for primary hyperparathyroidism, failure
to identify the tumor may result in significant morbidity
for the patient (/3,14). Furthermore, a preoperative local-
ization procedure may help to shorten operative and anes-
thesia time by directing the surgeon to the site of the
lesions.

Several techniques with various degrees of accuracy have
been evaluated for the preoperative localization of para-
thyroid adenoma in patients with biochemically proven
hyperparathyroidism: intraoperative vital staining meth-
ods (15), cineesophagography, thermography (/6), me-
diastinography, computerized axial tomography (17), ar-
teriography, selective venography, ultrasonography (/8)
and more recently, magnetic resonance imaging (3,19),
digital subtraction arteriography and needle aspiration
combined with high-resolution ultrasonography (20). The
introduction of nuclear medicine procedures was based on
the concept of using metabolic markers directed to specific
tissues.
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FIGURE 7. Early (A) and delayed (B)
¥mTc-parathyroid imaging in a patient with
a follicular adenoma of the left thyroid lobe
(arrow head) and a small parathyroid ade-
noma (425 mg) of the right lower neck
(arrow). This case illustrates a “false-posi-
tive” ®Tc-sestamibi uptake for parathy-
roid adenoma in the left thyroid lobe.

Cobalt-57 B12 vitamin (21), "*Se-methionine (22) and
131Ce-chloride (23) have been successively used for para-
thyroid imaging. In the late 1970s, [*°'Tl]thallous chloride
had been reported as an agent to visualize parathyroid
glands (24). Increased cellular density and vascularity of
parathyroid adenomas have been postulated as main rea-
sons for increased 2°' Tl uptake in these lesions. The addi-
tion of [*™Tc]pertechnetate imaging to provide the com-
puterized subtraction of the normal thyroid gland **'Tl
uptake was introduced a few years later (25-26). Since
then, several studies on 2°'T1/[**™Tc]pertechnetate dual-
radiotracer parathyroid scintigraphy have been reported in
the literature (27-29). In a review of the literature on this
topic, performed few years ago by Hauty et al. (30) and
regrouping 14 studies with a total of 317 patients with
primary hyperparathyroidism who have been operated
upon, the accumulated sensitivity of parathyroid scintig-
raphy to detect parathyroid adenomas was 82%. The di-
agnostic accuracy was 78%, the positive predictive value
94% and the false-positive rate was 5%.

Although the dual radionuclide parathyroid scintigra-
phy has shown satisfactory results and good diagnostic
accuracy, many technical aspects of the procedure are
either still somewhat controversial or not completely re-
solved in the literature (6); for example: the involved
radiotracers ([**"Tc]pertechnetate or '2), the order of
injection of tracers (**'T1 before or after [*™Tc]pertech-
netate), the relative injected activities of the tracers (related
to the tracers and their injection order), the value of
computer subtraction techniques (increased sensitivity, de-
creased specificity) and the computer alignment and dis-
play procedures. Furthermore, it is essential that the head
and neck of the patient remain immobile during the image
acquisition.

Recently, Coakley et al. (31) reported the use of **™Tc-
sestamibi as a new agent for parathyroid imaging. Concep-
tualizing that ®™Tc-sestamibi has been introduced as an
alternative to ' Thallium for myocardial perfusion imag-
ing, they studied five patients who underwent surgery for
proven hyperparathyroidism. Their **™Tc-sestamibi para-
thyroid imaging protocol was as follows: Ten 2-min frames
were acquired after intravenous injection of 5 mCi of
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9mTc-sestamibi. Images were compared to a standard
20171 /[*™Tc]pertechnetate dual-radiotracer protocol. Four
patients had a parathyroid adenoma correctly localized by
both dual radionuclide and *™Tc-sestamibi parathyroid
imaging. In three patients, the abnormal parathyroid gland
was more easily detected (both qualitatively and quanti-
tatively) with ®™Tc-sestamibi imaging than with dual
radionuclide procedure. The same group (32) more re-
cently reported their experience with this procedure. On a
total of 40 parathyroid adenomas, 37 were localized with
2011 and 39 with *™Tc-sestamibi.

The results of our study confirmed that *™Tc-sestamibi
parathyroid imaging can be useful in the preoperative
detection and localization of parathyroid adenomas in
patients having proven hyperparathyroidism (sensitivity of
90%). The double-phase *™Tc-sestamibi parathyroid
study is simple to perform and does not require the im-
mobilization of the patient. Furthermore, computerized
data have not been used for the scintigraphic diagnosis.
The use of a single radiopharmaceutical study overcomes
all the drawbacks related to dual radiotracer procedure, as
previously mentioned. The late phase of ®™Tc-sestamibi
scan is sufficient to detect parathyroid adenoma. However,
the early phase is helpful and used as an anatomical
reference to locate the abnormal focus of persistent uptake
since the normal thyroid tissue is usually only faintly seen
on the delayed imaging. The parathyroid adenoma/normal
thyroid parenchyma activity ratios confirmed the highest
lesion detectability of the late phase of the study. This
indicates that the washout of ®™Tc-sestamibi from para-
thyroid adenoma is slower than the one from surrounding
thyroid tissue. This differential washout constitutes the
rationale of the use of *™Tc-sestamibi for parathyroid
single radiotracer scintigraphy.

Criteria used in our study to define a positive ®™Tc-
sestamibi scintigraphy for parathyroid adenoma was rig-
orous; the exact scintigraphic location of the adenoma was
essential. In one patient who had a ®™Tc-sestamibi study
considered as “false-negative” for adenoma location, the
scan showed a right lower neck lesion while the surgery
detected a right upper neck adenoma. Chan et al. (33)
showed that such “misinterpretation” is thought to be due
to the prolapse of the adenoma arising from the upper
gland toward the lower pole of the thyroid, thereby mim-
icking a lower neck lesion on the ¥'Tl/
[®*™Tc]pertechnetate scan.

The most common cause of false-positive localization
of 2°'T1 during parathyroid imaging is its uptake in thyroid
adenomas. As seen in one of our patients, *™Tc-sestamibi
uptake was “falsely” increased in a follicular adenoma,
resulting in a false-positive study. Although the clinical
experience with this new agent is somewhat limited, pal-
pation of thyroid gland will remain mandatory (as for dual
tracer procedure) and further radionuclide thyroid evalu-
ation may be helpful whenever thyroid lesions are detected
or suspected on physical examination. Further studies will
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be needed to evaluate the incidence and the degree of
9mTc-sestamibi uptake in various types of thyroid lesions
for a better understanding of potential false-positive para-
thyroid studies. In addition, in selected cases where the
9mTc-sestamibi differential washout analysis fails to give
a “definitive” diagnosis, it might be valuable to use a
thyroid selective agent to subtract thyroid activity (as with
dual radiotracer parathyroid imaging) in order to improve
the accuracy of the procedure.

More accurate data on ®™Tc-sestamibi thyroid uptake
and washout will improve parathyroid imaging. It might
help to determine the optimal time after the injection to
obtain initial and delayed imaging. In this study we have
used a dose of 20-25 mCi on the basis of previous expe-
rience with ®™Tc-sestamibi myocardial perfusion imaging.
With a better understanding of the thyroid and parathyroid
kinetics of **™Tc-sestamibi, the injected dose can probably
be decreased. Furthermore, in vitro studies will be needed
in order to determine the mechanisms of *™Tc-sestamibi
uptake in parathyroid adenomas.

In conclusion, single radionuclide parathyroid imaging
with ®™Tc-sestamibi (early and late study with differential
washout analysis) is a promising procedure in the preop-
erative detection and localization of parathyroid adenomas
in patients with primary hyperparathyroidism.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the valuable help of Guy
Bisson, MD, Carole Benjamin, CNMT, Anne-Marie Dufort,
Marc Dumont, the audiovisual service and the nuclear medicine
technologists of the Hétel-Dieu de Montréal Hospital.

REFERENCES

1. Heath H, Hodgson SF, Kenedy MA. Primary hyperparathyroidism. inci-
dence, morbidity and potential economic impact in a community. N Eng/
J Med 1980;203:189-193.

2. Peck WW, Higgins CB, Fisher MR, et al. Hyperparathyroidism: compari-
son of MR imaging with radionuclide scanning. Radiology 1987;163:415-
420.

3. Auffermann W, Gooding GAW, Okerlund MD, et al. Diagnosis of recur-
rent hyperparathyroidism: comparison of MR imaging and other imaging
techniques. AJR 1988;150:1027-1033.

4. Miller DL, Doppman JL, Shawker O, et al. Localization of parathyroid
adenomas in patients who have undergone surgery, Part I. Noninvasive
imaging methods. Radiology 1987;162:133-137.

5. Reading CC, Charboneau JW, James EM, et al. High-resolution parathy-
roid sonography. AJR 1982;139:539-546.

6. Fine EJ. Parathyroid imaging: its current status and future role. Sem Nucl
Med 1987;17:350-359.

7. Winzelberg GG, Hydovitz JD. Radionuclide imaging of parathyroid tu-
mors: historical perspectives and newer techniques. Sem Nuc/ Med
1985;15:161-170.

8. Picard D, D’Amour P, Carrier L, et al. Localization of abnormal parathy-
roid glands using **'thallium/'*iodine subtraction scintigraphy in patients
with primary hyperparathyroidism. Clin Nucl Med 1987;12:61-64.

9. Iskandrian A, Heo J, Kong B, et al. Use of technetium-99me-isonitrile (RP-
30A) in assessing left ventricular perfusion and function at rest and during
exercise in coronary artery disease and comparison with coronary arteri-
ography and exercise thallium-201 SPECT images. Am J Cardiol
1989:64:270-275.

The Journal of Nuclear Medicine ¢ Vol. 33 ¢« No. 10 » October 1992



. Kiat H, Maddahi J, Roy L, et al. Comparison of technetium-99m-methoxy-

isobutyl-isonitrile and thallium-201 for evaluation of coronary artery dis-
case by planar and tomographic methods. Am Heart J 1989;117:1-11.

. Taillefer R, Lambert R, Dupras G, et al. Clinical comparison between

thallium-201 and Tc-99m-methoxy isobutyl isonitrile (hexamibi) myocar-
dial perfusion imaging for detection for coronary artery disease. Eur J Nucl
Med 1989;15:280-286.

. Wackers FJ, Berman DJ, Maddahi J, et al. Technetium-99m-hexakis-2-

methoxyisobutyl isonitrile: human biodistribution, dosimetry, safety and
preliminary comparison to thallium-201 for myocardial perfusion imaging.
J Nucl Med 1989;30:301-311.

. Clark OH, Way LW. Surgical endocrinology: clinical syndromes. In: The

hypercalcemic syndrome: hyperparathyroidism. Philadelphia, PA: JB Lip-
pincott, 1978:237-264.

. Satava RM, Beahrs OH, Scholz DA. Success rate of cervical exploration

for hyperparathyroidism. Arch Surg 1975;110:625-628.

. Digiulio W, Lindenauer SM. Use of tolonium chloride in localization of

parathyroid tissue. JAMA 1970;214:2302-2306.

. Brennan MF, Doppman JL, Kurdy AG, et al. Assessment of techniques

for preoperative parathyroid gland localization in patients undergoing
reoperation for hyperparathyroidism. Surgery 1982;91:6-11.

. Sommer B, Welter HF, Splesberg F, et al. Computed tomography for

localizing enlarged parathyroid glands in primary hyperparathyroidism. J
Comput Assist Tomogr 1982;6:521-526.

. Scheible W, Deutsch AL, Leopold GR. Parathyroid adenoma: accuracy of

localization by high-resolution real-time sonography. J Clin Ultrasound
1981;9:325-330.

. Stark DD, Moss AA, Gamsu G, et al. Magnetic resonance imaging of the

neck II: pathologic findings. Radiology 1984;150:455-461.

22

23.
24,

25.

26.

27.

28.

29.

31

32.

Potchen JE, Sodee DB. Selective isotopic labeling of the human parathy-
roid: a preliminary case report. J Clin Endocrino Metab 1964;24:1125-
1128.

Ferlin G, Conte N, Borsato N, et al. Parathyroid scintigraphy with '*'Cs
and ®'T\. J Nucl Med Allied Sci 1981;25:119-123.

Fukunaga M, Morita R, Yonekura Y, et al. Accumulation of %' Tl-chloride
in a parathyroid adenoma. Clin Nucl Med 1979;4:229-230.

Ferlin G, Bursato N, Camerani M, et al. New perspectives in localizing
enlarged parathyroid glands by technetium-thallium subtraction scan. J
Nucl Med 1983;24:438-441.

Young AE, Gaunt JI, Croft DN, et al. Localization of parathyroid adeno-
mas by thallium-201 and technetium-99m subtraction scanning. Br Med
J 1983;286:1184-1186.

McCall A, Henkin R, Calendra D, et al. Routine use of the thallium-
technetium scan prior to parathyroidectomy. Am Surgeon 1987;53:380-
384,

Stein BL, Wexler MJ. Preoperative parathyroid localization: a prospective
evaluation of ultrasonography and thallium-technetium scintigraphy in
hyperparathyroidism. Can J Surg 1990;33:175-179.

Opelka FG, Brigham RA, Davies RS, et al. The role of dual radionuclide
scintigraphy in the preoperative localization of abnormal glands. Am
Surgeon 1988;54:240-242.

. Hauty M, Swartz K, McClung M, et al. Technetium-thallium scintiscan-

ning for localization of parathyroid adenomas and hyperplasia, a reap-
praisal. Am J Surg 1987;153:479-486.

Coakley AJ, Kettle AG, Wells CP, et al. 99mTc-sestamibi—a new agent
for parathyroid imaging. Nucl Med Commun 1989;10:791-794.
O’Doherty MJ, Kettle AG, Wells P, et al. Parathyroid imaging with
technetium-99m-sestamibi: preoperative localization and tissue uptake

20. Doppman JL, Krudy AG, Marx SJ, et al. Aspiration of enlarged parathy- studies. J Nucl Med 1992;33:313-318.
roid glands for parathyroid hormone assay. Radiology 1983;148:31-35. 33. Chan TYK, Serpell JW, Chan O, et al. Misinterpretation of the upper
21. Sisson JC, Beierwaltes WH. Radiocyanocobolamine (CO57B12) concentra- parathyroid adenoma on thallium-201/technetium-99m subtraction scin-
tion in the parathyroid glands. J Nuc! Med 1962;3:160-162. tigraphy. Br J Radiol 1991;64:1-4.
EDITORIAL

Parathyroid Imaging—Current Status and Future Prospects

he prevalence of hyperparathy-

roidism seems to be increasing
(1). Some of this apparent increase is
due to the earlier detection of hyper-
calcemia through the routine meas-
urement of serum calcium in clinical
chemistry screens. This increasing
prevalence of suspected hyperparathy-
roidism, as indicated by an elevated
serum calcium detected on a routine
screen, may be no more than a lead
time bias induced by the detection of
a chemical abnormality in presymp-
tomatic patients. Some presympto-
matic hyperparathyroidism may not
ever become clinically significant. The
role of further diagnostic work-up of
patients with hypercalcemia is contro-
versial, because there have been very
few studies on the implications of pre-
symptomatic hyperparathyroidism.
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Further diagnostic studies, which at-
tempt preoperative localization of ab-
normal parathyroid tissue in patients
with suspected hyperparathyroidism,
present an even greater problem in
efficacy. As many as 90%-95% of in-
dividuals with symptomatic hyperpar-
athyroidism and hypercalcemia will
be readily treated by an experienced
surgeon without preoperative local-
ization of the abnormal gland (/-3).
The question becomes: does every pa-
tient with a chemically detected hy-
percalcemia, who may indeed have an
occult parathyroid adenoma, warrant
further diagnostic studies directed to-
ward the localization of that prospec-
tive parathyroid lesion? Some authors
have questioned whether every pa-
tient with asymptomatic hyperpara-
thyroidism even needs surgical re-
moval of the offending gland (4).
With this background, we need to as-
sess the propriety and utility of alter-
native schemes designed to locate a
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parathyroid lesion preoperatively.

There is a long history of nuclear
medicine efforts to diagnose and lo-
cate abnormal parathyroid tissue. Sis-
son and Beierwaltes, in 1962, at-
tempted the use of radiocyanocobo-
lamine with only modest results (5).
Subsequently, Potchen (1963) dem-
onstrated prospects for "*Se localiza-
tion of parathyroid tissue (6). This too
had only minimal clinical utility. The
utility of selenomethionine was de-
pendent upon tissue blood activity
changes over time. The time-depend-
ent variation in tissue activity contrast
is similar to the time-dependent rela-
tive thyroid parathyroid activity with
9mTc-sestamibi reported in this issue
(7).

In addition to these early radioiso-
topic approaches, other techniques
had been attempted for the preopera-
tive localization of hyperactive para-
thyroid adenomas. Esophageal dis-
placement, as seen on the barium
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