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Background: Primary hyperparathyroidism is a disease caused by the secretion of excess parathyroid hormone (PTH)
owing to the enlargement of the parathyroid gland. Ectopic parathyroid glands exist in the mediastinum in approxi-
mately 1-2% of cases, which is relatively rare. Intraoperative monitoring of serum PTH level is important to assess
whether the source of hyperparathyroidism has been eliminated.

Case presentation: A 53-year-old asymptomatic woman was diagnosed with ectopic mediastinal parathyroid
adenoma. A three-port robotic partial resection of the thymus containing the tumor was attempted, but bleeding
from a swollen pericardial diaphragmatic vein led to the addition of an assist port along the way. The PTH level was
measured intraoperatively. After confirming that the 15-min PTH level after removal of the tumor was less than 50%
of the baseline value, the operation was completed. The tumor was positive for PTH and was diagnosed as an ectopic
mediastinal parathyroid adenoma. Some small ectopic parathyroid gland tissues were observed in other parts of the
thymic tissue. Serum calcium and PTH levels decreased and normalized.

Conclusions: We report the usefulness of robotic resection for ectopic mediastinal parathyroid adenoma with PTH
monitoring. However, histopathologically, small parathyroid gland tissues may remain in the surrounding thymus.
Hence, we believe that a strict follow-up is required for parathyroid function in the future.
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Background

Primary hyperparathyroidism (PHPT) is caused by the
secretion of excess parathyroid hormone (PTH) owing to
the enlargement of the parathyroid gland. It is classified
as follows according to the disease type: asymptomatic
biochemical type, calculus type with urinary tract stones,
and bone type with pathological fracture. Approximately
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85% of PHPT cases are due to adenomas [1]. There are
300 to 400 new cases of PHPT per year in Japan, with
a male—female ratio of approximately 1:2 [2]. In some
cases, ectopic parathyroid glands and excess glands may
be present. Parathyroid adenomas are often located near
the thyroid gland in the neck; however, ectopic para-
thyroid adenomas may be present. Ectopic parathyroid
adenoma is reported in 15-20% cases and ectopic medi-
astinal parathyroid adenoma (EMPA), which is necessary
for a thoracic approach, is reported in 1-2%, which is rel-
atively rare [3, 4]. The half-life of PTH in the circulatory
system is less than 5 min [5], therefore, serum PTH mon-
itoring can be used intraoperatively to assess whether
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the source of hyperparathyroidism has been eliminated
[6, 7]. Herein, we report the usefulness of robotic EMPA
resection with PTH monitoring.

Case presentation

A 53-year-old asymptomatic woman presented with
hypercalcemia during a medical examination and vis-
ited the Department of Endocrinology and Metabo-
lism at our institution. She had a serum calcium level of
11.7 mg/dL, a urinary calcium/creatinine ratio of 0.39,
and an intact PTH level of 268 pg/mL. She was sus-
pected to have PHPT. A fracture of the vertebral bone
was not detected, but the T-score was -3.8, indicating
osteoporosis. The creatinine clearance was 79.9 mL/
min and the urinary calcium excretion was 409 mg/day.
Neck ultrasonography (US) showed a solid thyroid nod-
ule measuring approximately 5 mm and no swelling of
the parathyroid gland was observed. Chest computed
tomography (CT) showed an anterior mediastinal nodule
(Fig. 1A). Abdominal CT did not show urinary stones or
calcification of the kidney. Technetium-99m-methoxy-
isobutyl-isonitrile (*™Tc-MIBI) scintigraphy showed no
accumulation in the delay phase in the thyroid gland, but
accumulation was observed both in the early and delayed
phases in the anterior mediastinal nodule (Fig. 1B), and
the diagnosis of EMPA was established.

We decided to remove the EMPA through collaborative
consultation between the Department of Endocrinology
and Metabolism, Department of Head and Neck Surgery,
and Department of Thoracic Surgery. As per the discus-
sions, it was decided to perform EMPA resection while
performing intraoperative PTH monitoring. Cinacalcet
hydrochloride was administered orally at a dose of 50 mg/
day before surgery. A three-port robotic partial resection
of the thymus with the EMPA was attempted (Fig. 1C),
but bleeding from a swollen pericardial diaphragmatic
vein led to the addition of an assist port along the way.
Intact PTH value was measured after the induction of
anesthesia, immediately before removal of the adenoma,
and 5 min, 10 min, 15 min, and 60 min after removal.
The intact PTH levels were 326.1 pg/mL, 975.0 pg/mL,
252.0 pg/mL, 195.7 pg/mL, 155.1 pg/mL and 57.2 pg/
mL, respectively. After confirming that the 15-min intact
PTH value after removal of the tumor was less than
50% of the baseline value, the operation was completed
without additional resection. Since the intact PTH value
was sufficiently low, we decided to omit confirming the
absence of residual glandular tissue using methylene blue
(MB) staining method. The operation time was 76 min,
the console time was 16 min, and the amount of bleed-
ing was less. The tumors were well circumscribed, 12 mm
in size, and were covered with capsules (Fig. 2A). Histo-
pathologically, the cubic cells, with clear and eosinophilic
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Fig. 1 Computed tomography (CT) imaging and Technetium-99m-
methoxy-isobutyl-isonitrile (99mTc-MIBI) scintigraphy. A Chest CT
showed anterior mediastinal nodule (white arrow). B 99mTc-MIBI
scintigraphy showed no accumulation at delay phase in the thyroid
gland, but accumulation in the anterior mediastinal nodule (white
arrow). C Intraoperative findings. The location of the tumor (black
arrow) was immediately identifiable

cytoplasm and uniform nuclei, were arranged in solid
sheets (Fig. 2B, C). Mitoses were absent, and there was
no capsule infiltration or failure. However, some small
parathyroid gland tissues were observed in the other
parts of the thymic tissue (Fig. 2D); therefore, it was sus-
pected that microscopic ectopic parathyroid gland tissue
may have remained in the thymus. Immunohistochemi-
cally, the tumor was positive for PTH-rerated protein and
was diagnosed as an EMPA. On postoperative day (POD)
1, the serum calcium level decreased to 8.8 mg/dL and
the intact PTH level decreased to 25 pg/mL. Oral admin-
istration of calcium lactate and calcitriol was started, and
the dose of calcium lactate was gradually decreased, and
it was discontinued on the POD 13 as the serum calcium
level stabilized. On POD 23, she was discharged from the
hospital and is currently an outpatient.

Discussion and conclusions

Resection of EMPA in the upper mediastinum using a
transcervical approach with or without partial sternot-
omy may be common, but resection by video-assisted
thoracic surgery (VATS) is common in the deep medi-
astinum. VATS is an approach with less surgical trauma,
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Fig. 2 Pathorogical findings. A The tumors were well circumscribed tumor, 12 mm in size, and were covered with capsules. (Hematoxylin—Eosin
(H.E) stain, loupe magnification) (B, C) the cubic cells, with clear and eosinophilic cytoplasm and uniform nuclei, arranged in solid sheets. (B H.E.
stain, x 4 magnification, the black rectangle in (A) is the same area as shown in (B). C H.E. stain, x 20 magnification), D some small parathyroid gland
tissues were observed in the other part of thymic tissue (H.E. stain, x 4 magnification)

decreased associated morbidity, shorter hospital stays,
and superior cosmetic results. In recent years, sev-
eral cases of robot-assisted thoracic surgery (RATS) for
EMPA have been reported [8—11]. Ward et al. reported
that robot-assisted complete thymectomy for EMPA,
which provides excellent visualization of the mediasti-
num, is effective in reducing PTH and calcium levels and
is safe with no morbidity or mortality [8].

Prior to the surgical removal of an EMPA, the surgeon
should attempt to understand the status of the patient’s
cervical parathyroid glands [1]. Parathyroid tissue func-
tion has profound clinical implications, and leaving
a patient with loss of parathyroid function should be
avoided when possible. Autografting of hyperfunctional
parathyroid tissue may be necessary. Therefore, thoracic
surgeons should be aware of this scenario, and if neces-
sary, an endocrine surgeon should be included in the
management of the patient [1]. *™Tc-MIBI and neck US
are the initial imaging modalities for patients with PHPT.

Regardless of the imaging modality used for localization,
the surgeon must exercise caution because no examina-
tion is 100% accurate in diagnosing a single adenoma as
the cause of PHPT [12]. In this case, **™Tc-MIBI showed
accumulation in the anterior mediastinal nodule, which
appeared as a single solid lesion. The EMPA was removed
with the surrounding thymus without damaging the cap-
sule; however, there were small parathyroid gland tissues
in the surrounding thymus. This indicates that excision
of the main tumor alone may not normalize parathy-
roid function. In fact, even the high-volume center has
an operative failure rate of 13-22% [6, 13]. In addition, a
recurrence of secondary hyperparathyroidism, especially
in patients undergoing dialysis patients, is possible [14].
Therefore, it is extremely important to monitor the PTH
levels during surgery.

There is a report in the field of head and neck surgery
that dissemination occurs during parathyroidectomy
[1, 15]. It is important not only to handle the tumor
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gently, but also to know the exact location of the tumor.
In this case, the patient was a lean woman with little
fat in the mediastinum, and the location of the tumor
was immediately identifiable. However, most EMPAs
are buried in the thymus and adipose tissue, and it may
be difficult to identify lesions during surgery even after
careful examination before surgery. The intraopera-
tive radio-guide method in which **™Tc-MIBI is intra-
venously injected at the time of surgery [16, 17] and a
staining method in which MB is intravenously injected
[18, 19] have been reported as identification methods.
Moreover, in recent years, near-infrared fluorescence
imaging using indocyanine green has been applied to
identify the parathyroid gland intraoperatively [20].
The radio-guide method is not suitable for EMPAs in
the deep mediastinum because of the effect of **™Tc-
MIBI uptake into the myocardium and great vessels
[16]. Pseudohypoxemia is a problem in anesthesia man-
agement using the MB staining method, but it can be
solved using near-infrared spectroscopy [21].

In conclusion, we successfully resected an EMPA
using RATS with intraoperative PTH monitoring. How-
ever, histopathologically, small parathyroid gland tis-
sues may remain in the surrounding thymus. Hence,
we believe that a strict follow-up is required to monitor
parathyroid function following RATS.

Abbreviations

PHPT: Primary hyperparathyroidism; PTH: Parathyroid hormone; EMPA: Ectopic
mediastinal parathyroid adenoma; US: Ultrasonography; CT: Computed
tomography; *™Tc-MIBI: Technetium-99m-methoxy-isobutyl-isonitrile; MB:
Methylene blue; VATS: Video-assisted thoracic surgery; RATS: Robot-assisted
thoracic surgery; POD: Postoperative days.

Acknowledgements
We would like to thank Editage (www.editage.jp) for English language editing.

Author contributions

Yl participated in the surgery, conceived and conducted the study, and
performed a literature search. MI, SI, AY, and KK participated in the surgery,
supervised the manuscript preparation, and critically revised the manuscript.
NM and HU supervised the manuscript preparation and critically revised the
manuscript. Al authors have read and approved the final manuscript.

Funding
None.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for the publication
of this report and its accompanying images.

Page 4 of 5

Competing interests
All authors declare that they have no competing interests.

Author details

'Department of Thoracic Surgery, Kanazawa Medical University, 1-1 Daigaku,
Uchinada-machi, Kahoku-gun, Ishikawa 920-0293, Japan. 2Department

of Head and Neck Surgery, Kanazawa Medical University, Kahoku-gun, Ishi-
kawa, Japan.

Received: 2 April 2022 Accepted: 14 August 2022
Published online: 20 August 2022

References

1. Boffa DJ. Mediastinal parathyroids. In: Locicero J, Feins RH, Colson YL,
Rocco G, editors. Shields'general thoracic surgery. 8th ed. Philadelphia:
Walters Kluwer; 2019. p. 1915-20.

2. Kawamoto N, Inokawa H, Okita R, Furukawa M, Hayashi M, Okabe K. A
case of prolonged hypocalcemia after resection of an ectopic mediastinal
parathyroid adenoma. Jpn J Chest Surg. 2020;34:628-34. https://doi.org/
10.2995/jacsurg.34.628 (in Japanese with English abstract).

3. Alesina PF, Moka D, Mahlstedt J, Walz MK. Thoracoscopic removal of
mediastinal hyperfunctioning parathyroid glands: personal experience
and review of the literature. World J Surg. 2008;32:224-31. https://doi.
0rg/10.1007/500268-007-9303-0.

4. Randone B, Costi R, Scatton O, Fulla Y, Bertagna X, Soubrane O, et al.
Thoracoscopic removal of mediastinal parathyroid glands: a critical
appraisal of an emerging technique. Ann Surg. 2010;251:717-21. https://
doi.org/10.1097/SLA.0b013e3181¢1cfbO.

5. Sokoll LJ, Drew H, Udelsman R. Intraoperative parathyroid hormone
analysis: a study of 200 consecutive cases. Clin Chem. 2000;46:1662-8.
https://doi.org/10.1093/clinchem/46.10.1662.

6. Callender GG, Udelsman R. Surgery for primary hyperparathyroidism.
Cancer. 2014;120:3602-16. https://doi.org/10.1002/cncr.28891.

7. Sagan D, Gozdziuk K. Surgical treatment of mediastinal parathyroid
adenoma: rationale for intraoperative parathyroid hormone monitoring.
Ann Thorac Surg. 2010;89:1750-5. https://doi.org/10.1016/j.athoracsur.
2010.02.076.

8. Ward AF, Lee T, Ogilvie JB, Patel KN, Hiotis K, Bizekis C, et al. Robot-assisted
complete thymectomy for mediastinal ectopic parathyroid adenomas in
primary hyperparathyroidism. J Robot Surg. 2017;11:163-9. https://doi.
org/10.1007/s11701-016-0637-1.

9. Sridhar P, Steenkamp DW, Lee SL, Ebright M, Litle VR, Fernendo HC. Medi-
astinal parathyroid adenoma with osteitis fibrosis cystica: robot-assisted
thoracic surgical resection. Innovations (Phila). 2014;9:445-7. https://doi.
org/10.1097/IM1.0000000000000108.

10. Chan AP, Wan IY, Wong RH, Hsin MK, Underwood MJ. Robot-assisted
excision of ectopic mediastinal parathyroid adenoma. Asian Cardiovasc
Thorac Ann. 2010;18:65-7. https://doi.org/10.1177/0218492309354218.

11. Scott BB, Maxfield MW, Hamaguchi R, Wilson JL, Kent MS, Gangadharan
SP. Robot-assisted thoracoscopic mediastinal parathyroidectomy: a single
surgeon case series. J Laparoendosc Adv Surg Tech A. 2019;29:1561-4.
https://doi.org/10.1089/1ap.2019.0266.

12. Elfenbein DM, Schneider DF. Intraoperative parathyroid hormone testing:
Who should be the target? Curr Surg Rep. 2014,2:46. https://doi.org/10.
1007/540137-014-0046-1.

13. Chen H,WangTs, Yen TW, Doffek K, Krzywda E, Schaefer S, et al. Operative
failures after parathyroidectomy for hyperparathyroidism: the influence of
surgical volume. Ann Surg. 2010;252:691-5. https://doi.org/10.1097/SLA.
0b013e3181f698df.

14. Steffen L, Moffa G, Mller PC, Oertli D. Secondary hyperparathyroidism:
recurrence after total parathyroidectomy with autotransplantation. Swiss
Med Wkly. 2019;149: w20160. https://doi.org/10.4414/smw.2019.20160.

15. Sokol MS, Kavolius J, Schaaf M, D'Avis J. Recurrent hyperparathyroidism
from benign neoplastic seeding: a review with recommendations for
management. Surgery. 1993;113:456-61.

16. Ott MC, Malthaner RA, Reid R. Intraoperative radioguided thoraco-
scopic removal of ectopic parathyroid adenoma. Ann Thorac Surg.
2001;72:1758-60. https://doi.org/10.1016/50003-4975(01)02652-2.


http://www.editage.jp
https://doi.org/10.2995/jacsurg.34.628
https://doi.org/10.2995/jacsurg.34.628
https://doi.org/10.1007/s00268-007-9303-0
https://doi.org/10.1007/s00268-007-9303-0
https://doi.org/10.1097/SLA.0b013e3181c1cfb0
https://doi.org/10.1097/SLA.0b013e3181c1cfb0
https://doi.org/10.1093/clinchem/46.10.1662
https://doi.org/10.1002/cncr.28891
https://doi.org/10.1016/j.athoracsur.2010.02.076
https://doi.org/10.1016/j.athoracsur.2010.02.076
https://doi.org/10.1007/s11701-016-0637-1
https://doi.org/10.1007/s11701-016-0637-1
https://doi.org/10.1097/IMI.0000000000000108
https://doi.org/10.1097/IMI.0000000000000108
https://doi.org/10.1177/0218492309354218
https://doi.org/10.1089/lap.2019.0266
https://doi.org/10.1007/s40137-014-0046-1
https://doi.org/10.1007/s40137-014-0046-1
https://doi.org/10.1097/SLA.0b013e3181f698df
https://doi.org/10.1097/SLA.0b013e3181f698df
https://doi.org/10.4414/smw.2019.20160
https://doi.org/10.1016/s0003-4975(01)02652-2

lijima et al. Journal of Cardiothoracic Surgery

20.

21.

(2022) 17:195

Liman ST, Topcu S, Dervisoglu E, Gorur GD, Elicora A, Burc K, et al. Excision
of ectopic mediastinal parathyroid adenoma via parasternal videomedi-
astinoscopy. Ann Thorac Cardiovasc Surg. 2014,20:67-9. https://doi.org/
10.5761/atcs.cr.12.01960.

Dudley NE. Methylene blue for rapid identification of parathyroids. Br
Med J. 1971,3:680-1. https://doi.org/10.1136/bmj.3.5776.680.

Kobayashi S, Miyakawa M, Sugenoya A, Senga O, Kaneko G, Yokozawa

T, et al. An evaluation of the intraoperative staining technique using
methylene blue for the detection of hyperplastic parathyroid glands. Jpn
JSurg. 1988;18:729-31. https://doi.org/10.1007/BF02471538.

van den Bos J, van Kooten L, Engelen SME, Lubbers T, Stassen LPS, Bouvy
ND. Feasibility of indocyanine green fluorescence imaging for intracpera-
tive identification of parathyroid glands during thyroid surgery. Head
Neck. 2019;41:340-8. https://doi.org/10.1002/hed.25451.

limura 'Y, Hasegawa N, Aragaki M, Kaga K. Thoracoscopic surgery

using near infrared spectroscopy for ectopic parathyroid adenoma
detected with gestational hypertension: a case report. Jpn J Chest Surg.
2016;30:92-5. https://doi.org/10.2995/jacsurg.30.92 (in Japanese with
English abstract).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 5 of 5

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.5761/atcs.cr.12.01960
https://doi.org/10.5761/atcs.cr.12.01960
https://doi.org/10.1136/bmj.3.5776.680
https://doi.org/10.1007/BF02471538
https://doi.org/10.1002/hed.25451
https://doi.org/10.2995/jacsurg.30.92

	Robotic resection of ectopic mediastinal parathyroid adenoma with intraoperative parathyroid hormone monitoring: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


