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Abstract

The novel trend toward focused parathyroidectomy requires precise preoperative localization of
the parathyroid adenoma in patients with primary hyperparathyroidism (PHPT). The present study
evaluated the impact of hybrid single photon emission computed tomography/computed tomog-
raphy (SPECT/CT), using **™Tc-sestamibi (MIBI), on the surgical management of these patients.
In a retrospective study of 36 patients with PHPT, SPECT/CT was undertaken when planar *°™Tc-
MIBI scintigraphy was negative or when an ill-defined focus in the neck or an ectopic site on planar
views was visualized. Imaging data were compared with intraoperative findings, and the incre-
mental value of SPECT/CT to lesion localization and surgical procedure was assessed. Three
patients with both negative planar and SPECT/CT studies subsequently underwent bilateral neck
exploration, with multiglandular hyperplasia diagnosed in two patients and a parathyroid adenoma
in one. Of 33 patients with a positive MIBI study, parathyroid adenoma was confined to the neck in
23 patients and to the lower neck-mediastinum in 10. SPECT/CT facilitated the surgical explo-
ration of all 10 ectopic parathyroid adenomas and 4 of 23 cervical parathyroid adenomas, the latter
four either at reexploration or in patients with nonvisualization of the thyroid after thyroidectomy.
SPECT/CT contributed to the localization of parathyroid adenomas in patients with PHPT and to
planning the surgical exploration in 14 of 36 (39%) patients, predominantly those with ectopic
parathyroid adenomas or who had distorted neck anatomy.

B ilateral neck exploration, the traditional surgical ap-
proach in patients with primary hyperparathyroidism
(PHPT), is associated with a high success rate (95—98%)
and low morbidity when performed by an experienced
parathyroid surgeon.' It has been recently replaced,
however, by limited surgical procedures such as unilat-
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eral neck exploration,>® minimally invasive parathyroid-
ectomy,* and endoscopic surgery.® These techniques are
associated with decreased risk of hypoparathyroidism
and recurrent laryngeal nerve injury as well as a short-
ened operating time and hospitalization.

Guided parathyroidectomy is feasible only with preop-
erative localization of a solitary parathyroid adenoma.
Among the imaging modalities, **™Tc-sestamibi (MIBI)
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scintigraphy (dual-phase and dual-isotope technique) was
found to play an important role in detecting adenomas,®
with a sensitivity ranging from 85% to 95%." High diag-
nostic accuracy is documented when intense tracer uptake
and retention in a single lesion on delayed images indicate
the high probability of a solitary parathyroid adenoma. The
accuracy of scintigraphy decreases in the presence of
MIBI-avid thyroid nodules or previous neck surgery.8'°

MIBI scintigraphy, often with complementary ultra-
sonography (US), is considered the imaging method of
choice for localizing a parathyroid adenoma in the
neck.2""""3 A combined approach of preoperative com-
puted tomography (CT) and US has been also described,
with both imaging modalities, however, providing only
morphologic information.*'* Furthermore, US is subop-
timal for assessing ectopic lesions, and CT has the lowest
reported sensitivity among various modalities for diag-
nosing parathyroid adenoma. CT, however, may be
useful in cases of deep mediastinal and paraesophageal
lesions.™" 14

Co-registration of CT and MIBI has been reported in
small series of patients. Image fusion following separate
acquisition of CT and MIBI scans using radiographic and
scintigraphic markers predicted the site of adenoma in
five of six patients with PHPT."® Using the same tech-
nique in a prospective study of 24 patients, CT-MIBI im-
age fusion was found superior to MIBI-SPECT (single
photon emission computed tomography) alone.'® Image-
based fusion using external markers, however, may be
associated with misalignment and cumbersome mathe-
matic processing.

In contrast, hybrid morphologic CT and functional
scintigraphic imaging is obtained following sequential
acquisition of the two modalities on a single device. Initial
studies in a small series of patients have shown that MIBI
SPECT/CT, performed with this system, contributed to
image interpretation and the surgery in two patients in
one study'” and in four patients with mediastinal para-
thyroid adenomas in another.'®

The aim of the present study was to assess the im-
pact of hybrid MIBI SPECT/CT on the surgical manage-
ment of a larger cohort of patients with PHPT.

MATERIALS AND METHODS

Patients

Thirty-six patients with biochemical evidence of PHPT
scheduled for surgery based on National Institutes of
Health (NIH) criteria were studied, including six patients
with persistent hyperparathyroidism when re-exploration
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was considered after failed initial surgery. The patients
were routinely referred for MIBI scintigraphy at three
independent medical centers and were selected for
SPECT/CT study following negative planar images or if
an ill-defined focus in the neck or an ectopic site was
visualized. The institutional ethics committees approved
the study.

The study group consisted of 11 men and 25 women
with a mean age of 53 £ 16 years (range 18-81 years).
Prior to surgery, the median total serum calcium was 11.3
mg/dl (range 9.8-14.1 mg/dl; normal 8.0-10.4 mg/dl),
and the median serum parathyroid hormone (PTH) was
146 ng/L (range 41-577 ng/L; normal 11-64 ng/L).

Scintigraphy

Anterior planar images of the neck and chest were ac-
quired for 15 minutes at 10 and 120 minutes after intra-
venous injection of 555 MBq ®°™Tc-MIBI using a large
field-of-view gamma camera equipped with a parallel-hole
collimator. SPECT/CT scans of the neck and chest were
acquired after the early planar imaging. The study was
performed using a dual-head variable-angle gamma
camera and a low-power x-ray CT transmission system
mounted on the same gantry (Millennium VG or Infinia &
Hawkeye; GE Medical Systems, Carrollton, TX, USA).
Transmission data were reconstructed using filtered back-
projection (FBP) to produce cross-sectional attenuation
images in which each pixel represents the estimated x-ray
attenuation of the imaged tissue. The SPECT component
of the study was then acquired in 120 projections, with a 3°
angle step, in a 128 x 128 matrix, and at 20 seconds per
view. Reconstruction was performed by FBP or iteratively
using the Ordered Subsets Expectation Maximization
technique (OSEM). The emission images, obtained in
transaxial, sagittal, and coronal planes, were inherently
registered to the anatomic maps using eNTEGRA or
Xeleris workstation software (GE Medical Systems), with
generation of hybrid images of the superimposed trans-
mission (CT) and emission (SPECT) data.

A planar thyroid scan, used for visual subtraction of the
early MIBI image, was obtained following injection of 74
MBq ®*™Tc-pertechnetate in patients showing MIBI up-
take in the parathyroid adenoma of intensity similar to that
seen in the thyroid gland or in the absence of differential
washout on the delayed MIBI scan.

Image Interpretation

Scintigraphic and SPECT/CT data were evaluated
independently by a team of three nuclear medicine
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physicians, with differences of opinion solved by con-
sensus. A distinct focus of increased or separate MIBI
uptake in the neck or focal uptake in the mediastinum was
considered positive for a parathyroid adenoma on scin-
tigraphy. The diagnosis of the parathyroid adenoma,
whether cervical or ectopic, was based on the intraoper-
ative and pathologic findings. SPECT/CT images were
analyzed for localization of the adenoma in relation to
adjacent anatomic structures, and its depth in the neck or
mediastinum was recorded. The presence of multinodular
goiter (MNG), nonvisualization of the thyroid gland, or
previous surgery was also recorded.

Patient Management

Patients with positive MIBI studies underwent focused
exploration at the presumed site of the parathyroid
adenoma, as determined by scintigraphy; the abnormal
parathyroid gland was excised and sent for frozen sec-
tion examination. In one of the three centers, an intra-
operative PTH assay was used to confirm the
completion of surgery, sparing the surgeon and patient
the need for a frozen section. Bilateral exploration was
pursued only in patients with negative imaging results.
Surgical cure was defined by histopathologic confirma-
tion of the surgically removed abnormal parathyroid tis-
sue, with subsequent normalization of serum calcium
and PTH levels.

Data Analysis

Retrospective analysis of MIBI scintigraphy and
SPECT/CT studies was followed by assessment of the
detectability rate and the sensitivity of these modalities,
as defined by the surgical findings. SPECT/CT was
considered to have improved the image interpretation
when it provided precise localization with respect to the
depth of the suspected lesion and its relation to adjacent
structures including the thyroid gland, trachea, esopha-
gus, thymus, spine, and sternum. Data were recorded for
the whole study group and for subgroups of patients with
cervical and ectopic parathyroid adenomas. The addi-
tional information provided by SPECT/CT for planning the
surgical procedure was obtained from surgical and
pathology reports and from interviews of the surgeons
who performed the operation.

Paired nonparametric tests were used for a compari-
son of the serum calcium and serum PTH levels before
and after surgery. A probability value of <0.05 was con-
sidered statistically significant.

Krausz et al.: SPECT/CT in Primary Hyperparathyroidism

RESULTS

Scintigraphy

MIBI scintigraphy identified a parathyroid adenomain 33
patients and was negative in 3 patients. Based on scin-
tigraphy, the parathyroid adenoma was confined to the
neck in 23 patients and to the lower neck or upper medi-
astinum in 10 patients. No additional parathyroid adeno-
mas and no increase in the detectability rate were
documented on SPECT/CT compared with planar imag-
ing. No false-positive cases were found in this study group.

Surgery

Altogether, 36 patients underwent surgery, including 6
patients who required reexploration. The 33 patients with
positive MIBI scintigraphy underwent focused parathy-
roidectomy, and the 3 with a negative study underwent
bilateral neck exploration. Solitary parathyroid adenomas
ranging in weight from 0.150 to 12.6 g were excised from
34 patients, and 2 patients underwent subtotal parathy-
roidectomy for multiglandular hyperplasia, the latter ob-
served in patients with a negative scan

Among the 36 operated patients, the sensitivity of MIBI
scintigraphy was 92% (33/36). Follow-up indicated a
surgical cure in all 36 patients (100%). After surgery (on
postoperative days 1-8), serum calcium levels decreased
from a range of 9.8 to 14.1 mg/dl (median 11.3 mg/dl) to a
range of 8.4 to 9.8 mg/dl (median 8.5 mg/dl) (P < 0.0001).
Serum PTH levels decreased from a range of 41 to 577
ng/L (median 146 ng/L) to a range of 13 to 45 ng/L
(median 24 ng/L) (P < 0.0001).

There were no instances of postsurgical hypoparathy-
roidism. Three patients had recurrent nerve injury after
surgery, two of them at reexploration.

Impact of SPECT-CT on Lesion Localization
and Surgery

Scintigraphic findings prior to the initial surgery or to
reexploration in patients with positive studies are sum-
marized in Table 1. SPECT/CT provided three-dimen-
sional (3-D) topographic information that focused the
surgical exploration in 14 of the 33 patients with positive
MIBI scintigraphy (42%). It precisely indicated the prox-
imity of the parathyroid adenoma to the thyroid, trachea,
and esophagus in 4 of the 23 patients with cervical
adenoma (17%) (Fig. 1). The four patients with cervical
parathyroid adenomas in whom SPECT/CT showed an
incremental value included three patients after failed
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Table 1.
SPECT/CT in 33 patients with positive parathyroid planar imaging: impact on surgery.

Patient population Site of parathyroid adenoma Positive MIBI Impact of SPECT/CT
Total [n = 33] Neck 23 4
“Lower” Ectopic 10 10
Prior to Initial Surgery [n = 27] Neck 18 1
“Lower” Ectopic 9 9
After Failed Surgery [n = 6] Neck 5 3
“Lower” Ectopic 1 1
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Figure 1. Hybrid methoxyisobutyl isonitrile (MIBI) single positron emission computed tomography/computed tomography (SPECT/
CT) imaging after failed initial surgery in a patient with a parathyroid adenoma in the posterior paratracheal space of the neck.
SPECT/CT (CT, left column; SPECT, center column; fusion, right column) with three-dimensional presentation (maximal intensity
projection, bottom right) shows the precise localization of the parathyroid adenoma in the left posterior paratracheal space. The
latter findings guided the surgical reexploration. A 1 cm in diameter, 0.4 g adenoma was excised.

initial surgery (one adenoma in the retroesophageal
space, one adenoma in the left retrotracheal space, and a
left lower parathyroid adenoma located anteriorly) as well
as an additional adenoma localized to the retroesopha-
geal space in a patient with nonvisualization of the thyroid
gland after thyroidectomy.

In patients with ectopic “lower” adenomas, SPECT/CT
identified the relation of the mediastinal parathyroid ade-

nomas to the trachea, esophagus, thymus, spine, or
sternum and optimized the surgical procedure in all 10
patients (Fig. 2). Six of these ten adenomas were para-
tracheal, anterior in location at the level of the suprasternal
notch or manubrium. Surgery was planned based on the
SPECT/CT data, avoiding a sternotomy because of the
precise localization of the adenoma. Four parathyroid
adenomas were located posteriorly, with only one visual-
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Figure 2. Hybrid MIBI imaging in a patient with an ectopic parathyroid adenoma. SPECT/CT (CT, left column; SPECT, center
column; fusion, right column) with a three-dimensional presentation (maximal intensity projection, bottom right) shows the precise
localization of the parathyroid adenoma in the anterior mediastinum (right off-midline). The surgical approach was planned
according to these topographic landmarks. A 0.5 g adenoma adjacent to the thymus was removed.

ized on US. Surgery was planned based on the SPECT/
CT data of these four adenomas, including an adenoma
situated adjacent to the thymus, an adenoma in the ret-
roesophageal prevertebral plane, and two additional le-
sions in the retrotracheal plane, with the location defined
precisely only by the fused images.

Among the subgroup of six patients scheduled for re-
exploration after failed initial surgery, SPECT/CT facili-
tated the surgical resection of four adenomas, including
an adenoma in the retroesophageal space, an adenoma
in the left retrotracheal space, an adenoma located
anteriorly in the neck, and an ectopic “lower” parathyroid
adenoma.

DISCUSSION

A novel trend toward focused neck exploration in pa-
tients with primary hyperparathyroidism has recently re-

placed the traditional bilateral approach owing to a
decrease in operative morbidity and shortening of the
hospitalization. The limited surgical procedures require,
however, optimal preoperative localization studies.
Planar MIBI scintigraphy has been considered the pri-
mary imaging modality for preoperative localization of the
adenoma, with a sensitivity of 92% in the present study,
similar to previous data in the literature.” Other studies
comparing planar and MIBI-SPECT support wide appli-
cation of MIBI-SPECT, with increased sensitivity of 91%
to 96% versus the lower sensitivity rates for planar
imaging, which range from 74% to 87%.'%723

No additional adenomas were detected by SPECT in
our study, and therefore no improved sensitivity was
documented. The anatomic landmarks of SPECT/CT,
however, facilitated the surgical procedure in 14 of the 33
patients (42%) with positive scans prior to exploration

In the neck, SPECT/CT played only a limited role in
patients with cervical adenomas prior to initial surgery.
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SPECT/CT provided anatomic mapping, which improved
the surgical management only in special clinical settings
of distorted neck anatomy after initial neck exploration,
nonvisualization of the thyroid gland after thyroidectomy,
or both.

In contrast, SPECT/CT improved localization and
facilitated the surgical exploration of all 10 ectopic “lower”
adenomas. In the present study, ectopic adenomas were
documented in 10 of the 36 patients (28%). This relatively
high percentage of ectopic lesions, compared to the 8%
to 11% reported in the literature,®2* may reflect a biased
initial referral of patients and could in part be the reason
for the significant benefit provided by SPECT/CT in the
present study.

Ectopic parathyroid adenomas are difficult to detect by
US and to differentiate from other mediastinal masses on
CT.?® Ectopic “upper’ parathyroid glands can occur
above the superior thyroid pole, below the inferior thyroid
artery, or in the retropharyngeal, retrotracheal or retro-
esophageal space.® The SPECT/CT 3-D presentation of
the adenoma in these less common sites (up to 7% of all
cases) with simultaneous demonstration of all anatomic
structures in its vicinity may direct the surgical search and
spare these patients unnecessary reexploration, particu-
larly for parathyroid adenomas situated in the retrotrac-
heal or retroesophageal space, as seen in the present
study.

Ectopic “lower” glands can occur anywhere from the
superior thyroid pole to the thymus and superior medi-
astinum, along the carotid sheath, or within the thyroid
gland.?®2” Mediastinal parathyroid adenomas can be
removed by mediastinoscopy,?® video-assisted thoracic
surgery,®® or limited median sternotomy, the latter asso-
ciated with an 8% to 12% incidence of complications.3°-3!
Sternotomy, however, may be avoided when SPECT/CT
indicates that the anterior location of the mediastinal
adenoma is at the level of the manubrium, as seen in six
patients of the present study.

CT-MIBI image fusion has been previously advocated
in a few studies. A mediastinal parathyroid adenoma was
precisely localized following separate MIBI and CT
acquisition, with radiopaque and radioactive markers
placed on the patient’s skin.®® Fusion of separate CT and
MIBI studies indicated the localization of a solitary ade-
noma in five of six patients using a head-holder, a vac-
uum cushion, and radiographic and scintigraphic markers
mounted at the head-holder and the patient.'® An incre-
mental role of this separately performed CT-MIBI co-
registration technique was documented in 24 patients,
with a sensitivity of 93% compared to 31% for MIBI-
SPECT alone."® In the latter study, the poor sensitivity of
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SPECT was associated with an increased incidence of
MNG, which may have affected the detectability of the
parathyroid adenoma. SPECT/SPECT image fusion of
99MTc-sestamibi and **"Tc-albumin, the latter as an
indicator of the intravascular space, has been also de-
scribed and has enabled the visualization and localization
of a parathyroid adenoma situated in the aortopulmonary
window.”

Co-registration of data obtained following acquisition of
studies in separate systems is associated with misalign-
ment and with cumbersome patient preparation and
mathematic modeling. An integrated system providing
hybrid SPECT/CT images had contributed to localization
of two ectopic parathyroid adenomas (in the anterior and
posterior mediastinum, respectively), with no impact on
neck adenomas in an initial report."” For four ectopic
parathyroid adenomas described by Kaczirek et al.,
SPECT/CT facilitated minimally invasive surgery and
excluded the need for further radiologic examinations.'®
In the present study, fusion of sequentially performed
functional SPECT with anatomical x-ray data acquired on
a single device precisely determined the topographic
localization of the adenoma with respect to adjacent vital
organs for all 10 ectopic “lower” parathyroid adenomas
that were surgically removed.

The added value of CT in the interpretation of SPECT/
CT was not evaluated in the present study. The CT
component of the presently available hybrid-imaging de-
vice is of inferior resolution compared to state-of-the-art
CT, the latter already known to have a lower sensitivity
than other imaging modalities in the detection of a para-
thyroid adenoma. The CT component of the hybrid sys-
tem served in this study only as a road map for anatomic
localization of the focal MIBI uptake seen on SPECT.

The incremental value of SPECT/CT, combining func-
tional and morphologic information, was not reflected in
increased sensitivity but, rather, in improved planning of
surgery. Although objective endpoints were not measured
in this retrospective analysis, surgeons at all three med-
ical centers independently reported the easy accessibility
of the parathyroid adenoma, decreased extent and length
of the surgical exploration, and the smaller size of the
incision following the use of SPECT/CT for planning the
surgical approach. As indicated by the surgeons, the 3-D
anatomic presentation of the functioning parathyroid
adenoma served as a surgical road map, directing a
shorter invasive procedure, mainly in patients with upper
adenomas at rare locations, such as in the retrotracheal
and retroesophageal spaces. SPECT/CT allowed the
avoidance of sternotomy in the case of an ectopic ade-
noma localized to the superior mediastinum and facili-
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tated planning the surgical approach in patients with
distorted neck anatomy undergoing reexploration.

CONCLUSIONS

SPECT/CT contributes to localizing parathyroid ade-
nomas and to planning surgical strategy mainly in pa-
tients with an ectopic adenoma and in those with distorted
cervical anatomy due to previous neck surgery. SPECT/
CT may not be applied to patients with a well defined
cervical parathyroid adenoma seen on planar MIBI scin-
tigraphy prior to the initial surgery in the absence of
associated medical conditions of the neck.

ACKNOWLEDGEMENTS

The authors express their gratitude to Hava Lester, Ph.D.
and to Benjamin Glaser, M.D. for their judicious remarks
and great help in editing this manuscript.

REFERENCES

1. Clark OH. How should patients with primary hyperparathy-
roidism be treated? J Clin Endocrinol Metab 2003;88:3011—
3014.

2. Bergenfelz A, Lindblom P, Tibblin S, et al. Unilateral versus
bilateral neck exploration for primary hyperparathyroidism:
a prospective randomized controlled trial. Ann Surg
2002;236:543-551.

3. Krausz Y, Lebensart PD, Klein M, et al. Pre-operative
localization of parathyroid adenoma in patients with con-
comitant thyroid nodular disease. World J Surg
2000;24:1573—-1578.

4. van Vroonhoven TJ, van Dalen A. Successful minimally
invasive surgery in primary hyperparathyroidism after
combined preoperative ultrasound and computed tomog-
raphy imaging. J Intern Med 1998;243:581-587.

5. Ohshima A, Simizu S, Okido M, et al. Endoscopic neck
surgery: current status for thyroid and parathyroid diseases.
Biomed Pharmacother 2002;56:(Suppl. 1) 48s—52s.

6. McBiles M, Lambert AT, Cote MG, et al. Sestamibi para-
thyroid imaging. Semin Nucl Med 1995;25:221-234.

7. Mariani G, Gulec SA, Rubello D, et al. Preoperative locali-
zation and radioguided parathyroid surgery. J Nucl Med
2003;44:1443—-1458.

8. Casara D, Rubello D, Cauzzo C, et al. **™Tc-MIBI radio-
guided minimally invasive parathyroidectomy: experience
with patients with normal thyroids and nodular goiters.
Thyroid 2002;12:53-61.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Krausz et al.: SPECT/CT in Primary Hyperparathyroidism

Perrier ND, ltuarte PH, Morita E, et al. Parathyroid surgery:
separating promise from reality. J Clin Endocrinol Metab
2002;87:1024-1029.

Casara D, Rubello D, Pelizzo MR, et al. Clinical role of
99mTc04/MIBI scan, ultrasound and intra-operative gamma
probe in the performance of unilateral and minimally inva-
sive surgery in primary hyperparathyroidism. Eur J Nucl
Med 2001;28:1351-1359.

Lumachi F, Ermani M, Basso S, et al. Localization of
parathyroid tumours in the minimally invasive era: which
technique should be chosen? Population-based analysis of
253 patients undergoing parathyroidectomy and factors
affecting parathyroid gland detection. Endocr Relat Cancer
2001;8:63-69.

Rubello D, Casara D, Pelizzo MR. Symposium on para-
thyroid localization. optimization of peroperative proce-
dures. Nucl Med Commun 2003;24:133—-140.

Arici C, Cheah WK, ltuarte PH, et al. Can localization
studies be used to direct focused parathyroid operations?
Surgery 2001;129:720-729.

Van Dalen A, Smit CP, van Vroonhoven TJ, et al. Minimally
invasive surgery for solitary parathyroid adenomas in pa-
tients with primary hyperparathyroidism: role of US with
supplemental CT. Radiology 2001;220:631-639.

Profanter C, Prommegger R, Gabriel M, et al. Computed
axial tomography-MIBI image fusion for preoperative
localization in primary hyperparathyroidism. Am J Surg
2004;187:383-387.

Profanter C, Wetscher GJ, Gabriel M, et al. CT-MIBI image
fusion: a new preoperative localization technique for
primary, recurrent, and persistent hyperparathyroidism.
Surgery 2004;135:157—-162.

Even-Sapir E, Keidar Z, Sachs J, et al. The new technology
of combined transmission and emission tomography in
evaluation of endocrine neoplasms. J Nucl Med
2001;42:998-1004.

Kaczirek K, Prager G, Kienast O, et al. Combined trans-
mission and (99m)Tc-sestamibi emission tomography for
localization of mediastinal parathyroid glands. Nuklear-
medizin 2003;42:220-223.

Lorberboym M, Minski |, Macadziob S, et al. Incremental
diagnostic value of preoperative **™Tc-MIBI SPECT in pa-
tients with a parathyroid adenoma. J Nucl Med
2003;44:904—-908.

Moka D, Voth E, Dietlein M, et al. Technetium 99m-

MIBI-SPECT: a highly sensitive diagnostic tool for
localization of parathyroid adenomas. Surgery 2000;
128:29-35.

Sfakianakis GN, Irvin GL 3rd, Foss J, et al. Efficient para-
thyroidectomy guided by SPECT-MIBI and hormonal mea-
surements. J Nucl Med 1996;37:798-804.

Perez-Monte JE, Brown ML, Shah AN, et al. Parathyroid
adenomas: accurate detection and localization with Tc-
99m-sestamibi SPECT. Radiology 1996;201:85-91.



Krausz et al.: SPECT/CT in Primary Hyperparathyroidism

23.

24.

25.

26.

27.

28.

Billotey C, Sarfati E, Aurengo A, et al. Advantages of
SPECT in technetium-99m-sestamibi parathyroid scintig-
raphy. J Nucl Med 1996;37:1773-1778.

Nudelman IL, Deutsch AA, Reiss R. Primary hyperpara-
thyroidism due to mediastinal parathyroid adenoma. Int
Surg 1987;72:104—-108.

Loevner LA. Imaging of the parathyroid glands. Semin
Ultrasound CT MR 1996;17:563-575.

Price DC. Radioisotopic evaluation of the thyroid and the
parathyroids. Radiol Clin North Am 1993;31:991-1015.
Freitas JE, Freitas AE. Thyroid and parathyroid imaging.
Semin Nucl Med 1994;24:234-245.

Wang C. Parathyroid re-exploration: a clinical and path-
ological study of 112 cases. Ann Surg 1977;186:140—
145.

20.

30.

31.

32.

83

Medrano C, Hazelrigg SR, Landreneau RJ, et al. Tho-
racoscopic resection of ectopic parathyroid glands. Ann
Thorac Surg 2000;69:221-223.

Doherty GM, Doppman JL, Miller DL, et al. Results of a
multidisciplinary strategy for management of mediastinal
parathyroid adenoma as a cause of persistent primary
hyperparathyroidism. Ann Surg 1992;215:101-106.

Norton JA, Schneider PD, Brennan MF. Median sternotomy
in reoperations for primary hyperparathyroidism. World J
Surg 1985;9:807-813.

Rubello D, Casara D, Fiore D, et al. An ectopic mediastinal
parathyroid adenoma accurately located by a single-day
imaging protocol of Tc-99m pertechnetate-MIBI subtraction
scintigraphy and MIBI-SPECT-computed tomographic im-
age fusion. Clin Nucl Med 2002;27:186-190.



