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Abstract

Ectopic parathyroid adenomas pose diagnostic and therapeutic challenges. Preoperative Tc-99m
sestamibi SPECT/CT scan and radio-guided surgical technique enhance intraoperative accuracy enabling
precise detection of an ectopic parathyroid gland.

Case presentation: We present a case of a 54-year-old female patient with PHPT due to an ectopic
parathyroid adenoma located in the suprasternal region. Neck ultrasonography showed a normal-sized
thyroid with a cystic nodule in the right lobe and a hypoechoic mass in the suprasternal region, raising
suspicion of an enlarged parathyroid gland. Dual-phase SPECT parathyroid scintigraphy with Tc-99m
sestamibi revealed homogeneous uptake in both thyroid lobes and intense accumulation below the right
thyroid lobe, suggesting hyperfunctional ectopic parathyroid tissue. The patient successfully underwent a
minimally invasive radio-guided parathyroidectomy using a handheld gamma probe.

Conclusion The management of ectopic parathyroid adenomas requires a multidisciplinary
approach, utilizing advanced imaging and minimally invasive techniques such as parathyroid scintigraphy
with SPECT/CT and intraoperative gamma probes for the safe and precise removal of these hyperfunctional
glands.

Keywords: Ectopic parathyroid adenoma, 99mTc-sestamibi scintigraphy,SPECT/CT, radio—guided
surgery.

Introduction

Primary hyperparathyroidism (PHPT) is the leading cause of hypercalcemia in the outpatient
population. Its incidence is estimated to be between 0.4 and 82 per 100,000 patients. In 85-96% of cases,
the underlying cause for the overproduction of parathyroid hormone (PTH) is typically a single parathyroid
adenoma. Less common causes include double adenoma, parathyroid hyperplasia, and parathyroid
carcinoma [1].

The biochemical diagnosis of PHPT is confirmed by detecting elevated total or ionized serum
calcium levels, alongside increased intact PTH levels with normal renal function tests [2].
Parathyroidectomy is recommended for all patients with symptomatic hyperparathyroidism and for those
with asymptomatic hyperparathyroidism who fulfill established consensus criteria [3].

Focused parathyroidectomy is the preferred treatment for PHPT, with scintigraphy as a key method
for preoperative localization of the hyperfunctioning parathyroid tissue [4]. In 10-22% of PHPT cases, an
ectopic parathyroid gland is present. Technetium-99m sestamibi (Tc-99m sestamibi) parathyroid
scintigraphy has demonstrated a sensitivity of approximately 89% for detecting ectopic glands [5].

When the scan is supplemented with a hybrid SPECT/CT modality and combined with
ultrasonography, the sensitivity improves significantly, reaching 95%. This multimodal imaging approach
is a standard in the preoperative localization, aiding in the success of minimally invasive parathyroidectomy

[6].
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Radio-guided surgery enhances the removal of parathyroid glands, especially ectopic ones, by
using intraoperative gamma probes. It has been shown to improve precision, reducing false positives and
operative failures [7].

Radio-guided parathyroidectomy combined with preoperative SPECT/CT increases the success
rate and is more cost-effective than traditional invasive approaches [8].

The objective of this case report is to highlight the benefits of scintigraphy and radio-guided
surgical techniques in improving surgical accuracy and enabling precise detection of an ectopic parathyroid
gland.

Case report

A 56-year-old woman with laboratory findings suggesting PHPT was sent to the Nuclear Medicine
Department to undergo preoperative parathyroid scintigraphy. The patient consistently showed high levels
of PTH (431 pg/ml, normal range: 11-62 pg/ml), total calcium (3.37 mmol/L, normal range: 2.1-2.6
mmol/L), and ionized calcium (1.6 mmol/L, normal range: 1.12-1.32 mmol/L). The serum phosphate level
was below normal at 0.78 mmol/L (normal range: 0.8-1.4 mmol/L), while the serum level of vitamin D was
within the normal range at 37.1 ng/mL (normal range: 20.00 - 44.00 ng/mL).

Ultrasound examination of the neck revealed a normal-sized thyroid with an isoechoic,
inhomogeneous appearance with a homogeneous nodule with cystic degeneration measuring 25 mm in the
lower third of the right thyroid lobe. After a thorough examination of the neck, a hypoechoic mass
measuring 17 mm in greatest diameter was observed in the suprasternal region below and medial to the
right thyroid lobe, raising suspicion of an enlarged parathyroid gland.

The patient had a dual-phase SPECT parathyroid scintigraphy (10 minutes and 2 hours) after
receiving a 20 mCi intravenous injection of Tc-99m sestamibi. The early SPECT image showed a relatively
homogeneous uptake in both thyroid lobes, with intense radiopharmaceutical uptake in the area below and
medially from the right thyroid lobe. The late SPECT images showed the tracer being washed out from the
thyroid tissue, but remaining in the area below the lower pole of the right thyroid lobe, although with less
intensity. This area corresponded to the sonographic finding and suggested the presence of hyperfunctional
ectopic parathyroid tissue with faster washout.

The patient was planned for minimally invasive radio-guided parathyroidectomy. On the day of the
surgical intervention, SPECT/CT was done 10 minutes after the IV injection of 10 mCi Tc-99m sestamibi.
This hybrid imaging method obtained a detailed anatomical presentation of the ectopic hyperfunctional
parathyroid tissue, which was presented with high accumulation in a hypodense lesion located centrally at
the suprasternal notch (Figure 1). One hour after the SPECT/CT method, surgical intervention was
successfully performed using a handheld gamma probe for detection and measurement of radioactivity.
After the right thyroid lobectomy, the probe accurately located the radioactive parathyroid tumor in the
lower neck region. The resected tumor measured 2.5 x 1.8 x 1.3 cm and the confirmed histology was a
benign adenomatoid thyroid tumor and parathyroid adenoma. Postoperatively, the patient's PTH level
dropped to 69.9 pg/mL, and serum ionized calcium level to 1.18 mmol/L. She was discharged on the fourth
postoperative day without complications. At the six-month follow-up, both serum calcium and PTH levels
remained within normal range.
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Figure 1. Tc-99m sestamibi SPECT/CT in a 56-year-old patient with ectopic parathyroid adenoma

SPECT (A) and SPECT/CT fused image (B) showed relatively homogeneous uptake in both thyroid
lobes with intense focal accumulation below and medial to the right thyroid lobe, corresponding to a
hypodense lesion located centrally in the suprasternal area on the axial CT image (C). The final pathological
report was parathyroid adenoma.

SPECT/CT: single photon emission computed tomography/computed tomography.

Discussion

This case report highlights the successful use of radio-guided parathyroidectomy, enhanced by
SPECT-CT imaging, to precisely localize and excise an ectopic hyperfunctioning parathyroid gland in a
56-year-old woman with PHPT.

Historically, the first parathyroidectomy, performed by Felix Mandl in 1925, marked a pivotal
advancement in the treatment of PHPT [9]. For decades, bilateral neck exploration was the standard surgical
approach, achieving a cure rate exceeding 95% by allowing visualization of all four parathyroid glands.
However, more than 80% of PHPT cases are attributed to a single hyperfunctioning gland, which has driven
a shift toward focused parathyroidectomy [10].

Ectopic parathyroid adenomas can be challenging to detect due to their variable size and atypical
location. The superior parathyroid glands originate from the fourth pharyngeal pouch and migrate to the
upper thyroid. In contrast, the inferior glands arise from the third pouch and descend with the thymus to the
lower thyroid poles or the thyrohyoid ligament. Due to its longer migration path, the inferior pair is more
vulnerable to variations in ectopic locations. Ectopic parathyroid adenomas can develop anywhere along
the embryologic migration pathway of the parathyroid glands, extending from the base of the tongue to the
mediastinum. This migration accounts for their presence in various locations [11,12].

Ectopic parathyroid glands are most commonly located near the thymus or within the thymus itself,
comprising up to 38% of all diagnosed ectopic adenomas. Less frequently, they may be identified in the
visceral mediastinum, paraesophageal region, or near the tracheal bifurcation. The incidence of ectopic
parathyroid adenomas in specific locations varies, including retroesophageal space (8%—-31%),
paraesophageal region (16%), thyro-thymic ligament (12%), intrathyroidal (7%-18%), and anterior
mediastinum (14%). Rare ectopic sites, such as the carotid sheath or submandibular region, account for less
than 5% of all ectopic parathyroid adenomas [13 14].

Advances in preoperative imaging modalities, including coupling parathyroid scintigraphy with
SPECT-CT have revolutionized surgical techniques. Other imaging methods include ultrasound, CT, MR,
PET/CT and PET/MR. These innovations facilitate accurate localization of hyperfunctioning ectopic
parathyroid tissue, significantly enhancing surgical precision while reducing operative risks and recovery
times [15].

Our case study demonstrated more accurate results with SPECT/CT imaging compared to
ultrasonography for localizing the ectopic hyperfunctioning parathyroid gland. These findings align with
previous studies indicating that the overall sensitivity of ultrasound imaging is lower than that of SPECT.
Neck ultrasound is often the first imaging choice for parathyroid evaluation but has limited sensitivity in
detecting ectopic glands, particularly in complex anatomical regions. In contrast, SPECT/CT offers superior
precision in identifying ectopic parathyroid tissue, making it a valuable complementary imaging modality
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[16]. Several studies have reported the sensitivity of ultrasound to range between 55-87%, with even lower
sensitivity for ectopic parathyroid tissues [17,18]. In addition, a recently published retrospective study
showed that Tc-99m sestamibi scintigraphy outperformed ultrasound in sensitivity (89.5% vs. 77%) and
accuracy (86% vs. 75%), although both had comparable positive predictive values (95% vs. 95.7%). The
authors recommended combining ultrasound and Tc-99m sestamibi to improve preoperative localization of
parathyroid adenomas and optimize surgical outcomes [19].

A meta-analysis of 24 studies involving 1276 patients found that SPECT/CT had a pooled
sensitivity of 0.86, outperforming SPECT (0.74) and planar imaging (0.70) in localizing parathyroid
adenomas, including ectopic sites. SPECT/CT fusion imaging enhances preoperative planning for
minimally invasive surgery and is particularly beneficial for identifying ectopic glands and addressing
coexisting thyroid nodular disease [20]. Notably, SPECT/CT also improves sensitivity for detecting early
washout parathyroid glands. This technique ensures minimally invasive surgery, even in cases of adenomas
with faint uptake that may not be detected with the gamma probe before or after an incision [21].

Surgical intervention using an intraoperative gamma probe is recommended for patients with
positive parathyroid scintigraphy, as well as those with resistant or recurrent hyperparathyroidism and
ectopic parathyroid adenomas. The gamma probe enhances surgical efficiency by accurately identifying
areas of interest, thereby reducing surgical time. Additionally, it provides the advantage of confirming
successful excision through ex vivo counts of the removed tissue [15].

As demonstrated in our case, the gamma probe effectively differentiated the ectopic parathyroid
adenoma from surrounding tissues, enabling complete surgical excision and ensuring optimal outcomes.

In conclusion, the management of ectopic parathyroid adenomas is complex and requires a
multidisciplinary approach involving endocrinologists, nuclear medicine specialists, and surgeons. We
recommend targeted, minimally invasive techniques guided by advanced imaging modalities, such as
parathyroid scintigraphy with SPECT/CT and supported by intraoperative gamma probes, for the precise
and safe removal of ectopic neck and mediastinal parathyroid adenomas.

References:

1. Walker MD, Silverberg SJ. Primary hyperparathyroidism. Nat Rev Endocrinol. 2018
Feb;14(2):115-125. doi: 10.1038/nrendo0.2017.104. Epub 2017 Sep 8. PMID: 28885621; PMCID:
PMC6037987.

2. Oberger Marques JV, Moreira CA. Primary hyperparathyroidism. Best Pract Res Clin Rheumatol.
2020 Jun;34(3):101514. doi: 10.1016/j.berh.2020.101514. Epub 2020 Apr 23. PMID: 32336576.

3. Wilhelm SM, Wang TS, Ruan DT, Lee JA, Asa SL, Duh QY, Doherty GM, Herrera MF, Pasieka
JL, Perrier ND, Silverberg SJ, Sol6rzano CC, Sturgeon C, Tublin ME, Udelsman R, Carty SE. The
American Association of Endocrine Surgeons Guidelines for Definitive Management of Primary
Hyperparathyroidism. JAMA Surg. 2016 Oct 1;151(10):959-968. doi:
10.1001/jamasurg.2016.2310. PMID: 27532368.

4. Rugnath K, Kinoo SM. Feasibility of focused parathyroidectomy in developing countries-a scoping
review. Gland Surg. 2024 June 30;13(6):1054-1065. doi: 10.21037/gs-24-57. Epub 2024 June 20.
PMID: 39015710; PMCID: PMC11247565.

5. Glasgow C, Lau EYC, Aloj L, Harper I, Cheow H, Das T, Berman L, Powlson AS, Bashari WA,
Challis BG, Marker A, Moyle P, Mohamed IA, Schoenmakers N, Broomfield J, Oddy S, Moran C,
Gurnell M, Jani P, Masterson L, Fish B, Casey RT. An Approach to a Patient With Primary
Hyperparathyroidism and a Suspected Ectopic Parathyroid Adenoma. J Clin Endocrinol Metab.
2022 May 17;107(6):1706-1713. doi: 10.1210/clinem/dgac024. PMID: 35150267.

6. Koljevi¢ Markovi¢ A, Jankovi¢c MM, Markovi¢ I, Pupi¢ G, DZodi¢ R, Delaloye AB. Parathyroid
dual tracer subtraction scintigraphy: small regions method for quantitative assessment of
parathyroid adenoma uptake. Ann Nucl Med. 2014 Oct;28(8):736-45. doi: 10.1007/s12149-014-
0867-0. Epub 2014 Jun 20. PMID: 24947176.

235



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Jankulovska et al.; Radio-guided parathyroidectomy using Tc-99m MIBI...

Morris, M. A., Saboury, B., Ahlman, M., Malayeri, A. A., Jones, E. C., Chen, C. C., & Millo, C.
(2022). Parathyroid Imaging: past, present, and future. Frontiers in
Endocrinology, 12. https://doi.org/10.3389/fend0.2021.760419

Frank, E., Watson, W., Fujimoto, S., De Andrade Filho, P., Inman, J. and Simental, A. (2020),
Surgery versus Imaging in Non-Localizing Primary Hyperparathyroidism: A Cost-Effectiveness
Model. The Laryngoscope, 130: E963-E969. https://doi.org/10.1002/lary.28566

Mandl F. Therapeutischer versuch bein einem falls von otitis fibrosa generalisata mittles.
Exstirpation eines epithelkorperchentumors. Wien Klin Wochenschr Zentral. 1926;53:260-264.
Grant CS, Thompson G, Farley D, et al. Primary hyperparathyroidism surgical management since
the introduction of minimally invasive parathyroidectorny: Mayo Clinic experience. Archives of
Surgery. 2005;140(5):472-478. doi: 10.1001/archsurg.140.5.472.

Fong HRC, Zilbermint M. Navigating Diagnostic Challenges in Ectopic Parathyroid Adenomas: A
Case Report. Cureus. 2024 Sep 4;16(9):e68637. doi: 10.7759/cureus.68637. PMID: 39371798;
PMCID: PMC11452360.

Binnetoglu A, Demir B, Mamadli J. Challenges in the Management of Ectopic Parathyroid
Pathologies: A Case Series of Five Patients. Turk Arch Otorhinolaryngol. 2020 Jun;58(2):133-136.
doi: 10.5152/ta0.2020.4782. Epub 2020 Jun 1. PMID: 32783043; PMCID: PMC7397539.

Moron F., Parikh A., Suliburk J. Imaging Ectopic Parathyroid Adenomas. A Literature Review.
Rev. Colomb. Radiol. 2019; 30(1): 5069-80

Ng J., Roche P., Weir J., Mace A. Ectopic parathyroid adenoma adherent to vagus nerve at internal
carotid artery. Otolaryngology Case Reports. 2020; 16, 100197. doi: 10.1016/j.xocr.2020.100197.
Ergi, D. G., Bayram, |. K., Baran, C., Ozkan, E., Inan, M. B., & Akar, A. R. (2018). Targeted
Minimally Invasive Parathyroidectomy for Ectopic Aortopulmonary Adenoma under Gamma
Probe Guidance. Innovations: Technology and Techniques in Cardiothoracic and Vascular Surgery,
13(6),451-454. doi:10.1097/imi.0000000000000562

Navarro, A., Vassallo, J., & Galea, J. (2017). Excision of an Elusive Tiny Ectopic Parathyroid
Adenoma. Case Reports in Oncology, 1105-1111.doi:10.1159/000485075

Cheung K, Wang TS, Farrokhyar F, Roman SA, Sosa JA. A meta-analysis of preoperative
localization techniques for patients with primary hyperparathyroidism. Ann Surg Oncol.
2012;19:577-83.

Cunha-Bezerra P, Vieira R, Amaral F, Cartaxo H, Lima T, Montarroyos U, et al. Better
performance of four-dimension computed tomography as a localization procedure in
normocalcemic primary hyperparathyroidism. J Med Imaging Radiat Oncol. 2018;62:493-8.
Ghaffar T, Kanwal S, Aamir AH, Nizamud Din. Diagnostic accuracy of ultrasonography and 99m-
Technetium Sestamibi scintigraphy for the preoperative localization of Parathyroid Adenoma
keeping histopathological findings as reference standard. Pak J Med Sci. 2024;40(10):2405-2409.
doi: https://doi.org/10.12669/pjms.40.10.8575

Wong KK, Fig LM, Gross MD, Dwamena BA. Parathyroid adenoma localization with 99mTc-
sestamibi SPECT/CT: a meta-analysis. Nucl Med Commun. 2015;36:363-75.

Garcia-Talavera, P., Gonzalez-Selma, M. L., Ruiz, M. A., Gamazo, C., Sainz-Esteban, A.,
Villanueva, J. G., & Olmos, R. (2014). The Value of Early SPECT/CT and Hand-Held y-Camera
in  Radio-Guided  Surgery.  Clinical  Nuclear = Medicine,  39(11), 1009-1011.
d0i:10.1097/rlu.0000000000000497

236


https://doi.org/10.1002/lary.28566
https://doi.org/10.12669/pjms.40.10.8575

