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Abstract

Primary hyperparathyroidism (PHPT) is an endocrine disorder characterized by elevated or inappropriately parathormone levels. The most
common cause of PHPT is solitary parathyroid adenoma (80-85%). Parathyroid surgery generally encompasses symptomatic PHPT and
asymptomatic patients who meet the surgical guideline criteria. If surgery is contraindicated, several non-surgical ablative techniques can
be conducted to eliminate the pathological parathyroid tissue, which causes tissue necrosis in the affected gland. This review aims to look
into the most recent studies on the efficacy of percutaneous ethanol injection therapy (PEIT), laser ablation (LA), radiofrequency ablation
(RFA), microwave ablation (MWA), and high-intensity focused ultrasound (HIFU) in treatment of PHPT and analyze their application
prospects. PEIT is a classic method that is less commonly used nowadays. The analysis of thermal ablation methods revealed that LA is
inefficient and requires considerable repetition. Meanwhile, the MWA and RFA have a cure rate of over 85% and fewer complications; it
seems that they have the potential to replace surgical methods in the future.
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Introduction

The typical parathyroid gland has a lentiform or ovoid
shape and a yellowish-brown color. The four parathyroid
glands are in pairs on either side of the midline. Superior
parathyroid glands are usually located on the posterior
surface of the thyroid gland, above the point at which
the recurrent laryngeal nerve crosses the inferior thyroid
artery (1). The inferior parathyroid glands are usually
located below the inferior thyroid artery (Figure 1). The
quantity and position of the parathyroid glands may vary
significantly in individuals (2).

Parathyroid glands secrete parathormone, which
regulates calcium and phosphorus metabolism in the
body. An increase in parathyroid hormone (PTH) levels
in the blood is known as hyperparathyroidism (4).
It can be divided into primary hyperparathyroidism
(PHPT), secondary hyperparathyroidism, tertiary
hyperparathyroidism, and pseudohypoparathyroidism
(5).

Primary hyperparathyroidism is an endocrine disorder

characterized by elevated or inappropriately normal PTH
levels and hypercalcemia in a patient with no prior history
of renal disorder. As the third most common endocrine
disorder, it affects 0.3% of the general population and 1%-
3% of postmenopausal women. The incidence of PHPT
varies according to the gender and ethnicity of individuals.
A solitary parathyroid adenoma is the most common
cause of PHPT (80-85%), followed by parathyroid
hyperplasia (10-15%), multiple adenomas (5%), and
parathyroid carcinoma (1%) (6). Clinical presentation
of PHPT includes recurrent kidney stones, osteoporosis
fibrosa cystica, hypercalcemic crisis, and neuromuscular
dysfunction characterized by type II muscle cell atrophy.
Among the classical symptoms, nephrolithiasis is the most
common, occurring in 15%-20% of newly diagnosed
patients (7).

PHPT also presents less specific symptoms, such
as muscle weakness, mild cognitive disturbances,
hypertension, left ventricular hypertrophy, and valvular
calcification (8).
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B Implication for health policy/practice/research/

medical education
Our review study shows that percutaneous ethanol injection therapy
is a classic method for solitary parathyroid adenoma-induced primary

hyperparathyroidism.

Asymptomatic patients can receive medical therapy for

bone preservation, however this does not usually lead to
long-term sustained control of hypercalcemia and requires
lifelong monitoring (9).
The standard treatment for symptomatic PHPT is surgical
excision of the parathyroid glands (10). It has been
shown that the surgical method might not be suitable for
elderly patients and/or patients with comorbidities due
to technical difficulties and/or a high risk of anesthesia
during surgery (11). If surgery is contraindicated,
several non-surgical ablative techniques such as selective
ultrasound-guided percutaneous ethanol injection
therapy (PEIT) and ultrasound-guided thermal ablation
such as laser ablation (LA), radiofrequency ablation
(RFA), microwave ablation (MWA), and high-intensity
focused ultrasound (HIFU) can be conducted to eliminate
the pathological parathyroid tissue, which causes tissue
necrosis in the affected gland(12). In most cases, ablative
techniques are studied in animal studies, case reports, and
small-scale clinical trials. To reach comprehensive and
reliable conclusions, this review study aims to look into
the most recent studies on the efficacy of PEIT, LA, RFA,
MWA, and HIFU in treatment of PHPT and analyze their
application prospects.

Search strategy

The studies were identified using the PubMed database,
EMBASE, Scopus, and DOAJ and published until
February 7, 2023. The search was performed using the
following keywords; hyperparathyroidism, primary
hyperparathyroidism, parathyroid adenoma, ethanol

ablation, laser ablation, radiofrequency ablation,
microwave ablation, and high-intensity focused
ultrasound.

The clinical trials, systematic reviews, and retrospective
and prospective studies were included. Three authors
reviewed all study abstracts. We included studies that
reported the efficacy of non-surgical techniques for
treating PHPT. Studies written in languages other
than English were excluded. All selected studies were
qualitatively analyzed too.

Treatment methods
Eliminating the pathological parathyroid tissue is the
purpose of PHPT treatment.

This can be accomplished through parathyroidectomy
or ablative methods that results in pathological gland
tissue necrosis (13).
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Figure 1. Parathyroid glands anatomy (3).

Surgical excision

Parathyroidectomy is the standard treatment for PHPT

caused by a parathyroid adenoma due to its high long-

term success rate. Surgery guidelines have specified this as
the treatment of asymptomatic PHPT in patients with the

following criteria (14):

1. Serum calcium >1.0 mg/dL above upper limit of
normal

2. Bone marrow density by bone density scan (DXA); T
score lower than - 2.5 at the lumbar spine, total hip,
femoral neck, distal radius, or vertebral fracture.

3. Creatinine clearance less than 60 mL/min, or 24-hour
urine calcium more than 400 mg/dL or presence of
nephrolithiasis or nephrocalcinosis.

4. Age younger than 50 years.

During the past two decades, the surgical method has
changed from bilateral neck exploration to unilateral
exploration and finally to minimally invasive endoscopic
procedures (15).

Bilateral cervical surgical exploration performed by a
skilled and experienced parathyroid surgeon has a cure
rate of 95-98% and a minimal risk of complications (12).

Radical neck explorations and general anesthesia
complications may affect morbidity. It is even more
significantin elderly patients or with a comorbid condition.
Asan extensive surgery, parathyroidectomy may not be the
best choice for patients with a single parathyroid adenoma;
young females may also be discouraged due to surgical scar
formation (16). It might have some complications such as
infection, hematoma, neck swelling, and long-term low
serum calcium levels due to removal or damage to all of
the parathyroid glands. The recurrence rate one year after
surgery has been reported about 30% in previous studies
(17). Various non-surgical ablative techniques can be used
in cases with contraindications to surgery.

Non-surgical ablative techniques

Percutaneous ethanol injection therapy

Asa sclerosant, ethanol causes the necrosis of tumor tissue
and thrombosis of small blood vessels. Before starting
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ablative therapy, it is necessary to accurately identify the
pathological parathyroid tissue via ultrasonography (18).
In this method, 3-5 ml of 96% ethanol or the equivalent
volume of half of the affected glands can be administered
in two or three sessions, separated by 24 hours (19). Serum
calcium and PTH levels usually return to the normal
range, 36-120 hours and 6-78 hours after the procedure,
respectively. In a five-year follow-up, approximately 65
percent of patients maintained normal serum calcium and
PTH levels after ethanol administration (12).

A historical perspective

Solbiati etalin 1985 developed ultrasound-guided selective
PEIT in Italy to manage parathyroid hyperplasia without
parathyroidectomy. In most cases, this method was used
to treat secondary or tertiary hyperparathyroidism,
depending on the severity of the problem (20). Later in
1987, The Mayo Clinic reported the successful treatment
of persistent PHPT by the PEIT method (21). From 1988
to 1996, Cercueil et al evaluated the long-term results
of ultrasound-guided PEIT for treating parathyroid
adenoma in 27 patients. In 2 years of follow-ups, 58%
recovery was reported. Even though Temporary recurrent
laryngeal nerve damage and hypocalcemia occurred in
some patients, no long-term complications were reported
(22). In another study in 1988, Verges et al investigated 31
inoperable patients using ultrasound-guided percutaneous
ethanol injection into the adenoma. Plasma calcium
and PTH levels were measured 48 hours after PEIT and
several times during the subsequent 5-year follow-up.
They reported that percutaneous ethanol injections under
ultrasound guidance were effective in 64% of the cases of
hyperparathyroidism, suggesting that this method can be
quite beneficial in patients at high surgical risk. Although
this treatment was well tolerated and had no significant
side effects and an accurate ultrasound, location of the
adenoma is required (23).

Current studies

Stratigis et al conducted a prospective study in 2008 to
evaluate PEIT as an alternative to surgery for patients with
PHPT. About19 patients with high-risk PHPT for surgery
were included in this study. To normalize PTH levels,
ethanol (95%) was injected into the parathyroid glands
under ultrasonic guidance. During the 6-month follow-up
period, 58% of patients responded to this treatment. They
concluded that PEIT is a safe and effective non-surgical
treatment option for patients with PHPT who cannot
undergo surgical treatment (24).

According to some reports, ultrasound-guided PEIT
was used to treat patients with solitary parathyroid
adenoma after drug therapy failed (25).

Ultrasound-guided RFA and PEIT were combined in
2017 by Shenoy et al, for better control of hypercalcemia
and PTH levels in PHPT due to parathyroid adenoma.
As evidenced by the normalization of PTH levels and the

improvement in symptoms at a 2-year follow-up, PEIT
and RFA sequentially can be considered effective short-
term options in surgically complex cases, contributing to
long-term recovery as well (26).

Meanwhile, Yazdani et al evaluated ultrasound-guided
PEIT in 2020 for treating parathyroid adenomas. An
experienced interventional radiologist performed this
procedure under real-time ultrasound guidance on 39
PHP patients with parathyroid adenoma who were not
candidates for surgery. During 1-year follow-up, 85% of
patients improved after PEIT. The results of this study have
demonstrated that ultrasound-guided PEIT is an effective
alternative treatment option for PHPT patients who are
not candidates for surgery or general anesthesia. Further,
it has not been associated with significant complications if
administered by an experienced interventional radiologist
(27).

Based on the published data, PEIT appears to be
associated with only a few side effects, such as peri-
glandular fibrosis, hypocalcemia, recurrent laryngeal
nerve injury, and incomplete necrosis of the adenoma (28).
Despite reports of high recurrence of HPT, ultrasound-
guided PEIT effectively controlled parathyroid adenoma
and consequence in quality of life improvement (27,28).

Thermal ablation
Laser ablation
A laser is a concentrated light ray. Following the insertion
of an optical fiber inside the tissue, the photons released
by the laser source focus the heat on tip of the fiber. The
temperature in the area can instantly rise to 100 degrees
Celsius to accomplish the therapeutic goal of coagulation
and necrosis of local tissue (29,30). LA prevents
consequences like fibrosis and adhesion by creating a
distinct demarcation line between laser-treated necrotic
tissue and unaffected surrounding tissues (29). Lasers can
split energy across multiple thin, flexible fibers, which are
particularly easy to use (31); therefore, laser probes may
cause less damage and consequently have greater cosmetic
potential than other types of thermal ablation (32).
Appelbaum et al performed LA as a therapeutic method
for functional parathyroid adenomas in 12 patients.
HPT symptoms and serum levels of parathormone and
calcium resolved after 6 months and showed a significant,
sustained response during a 2-year clinical follow-up (32).
In other studies, conducted in this field, it was
observed that the PTH level decreased only slightly
and transiently (33). There have been two theories to
explain this condition; the ability of parathyroid cells to
proliferate after LA and the small number of adenomatous
cells that remain after the procedure (34). To prevent
marginal regrowth, complete resection of the border
of the parathyroid nodule is essential (29). However, to
completely recover from PHPT, some patients require
surgery. Therefore, it indicates that LA is not effective as
a long-term treatment of PHPT (35). LA therapy did not
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cause long-lasting side effects. Transient dysphonia is the
most common complication reported in patient follow-
ups (33).

Radiofrequency ablation

Radiofrequency ablation is an electromagnetic energy
source that induces coagulation an electrode with high-
frequency alternating current (3 kHz to 300 GHz) to cause
thermal injury and coagulative necrosis in soft tissue (36)
(Figure 2). RFA is often applied to nodules with a diameter
of less than 15 mm but is less effective for larger nodules
with rich blood flow (37). Li et al treated 25 patients
with PHPT using RFA, serum PTH and calcium levels
normalized in 84% (21/25) of the patients. One year after
RFA, hyperplastic glands volume decreased by greater
than 70%, and just 20% (5/25) of the patients experienced
mild complications (four cases of mild pain and one case
of temporary hypocalcemia) (38).

There are limited data regarding the complications of
parathyroid adenoma ablation; however, hypocalcemia
and voice hoarseness has been reported in some cases
(39).

Microwave ablation

Microwave ablation operates with electromagnetic waves
within the radiofrequency spectrum; as a result, it is a
subgroup of RFA, but its heating mechanism is different.
Magnetrons are used in the MWA generator to generate
microwaves, transmitted by coaxial cable and ablation
antenna to the ablation area. Through high-frequency
vibration, polar molecules (mostly water molecules)
generate heat and rapidly rising temperature to 150
degrees Celsius results in cell dehydration necrosis (40).
The MWA advantages include rapid temperature rise, high
heat, short treatment period, extensive ablation range, and
total inactivation of tumor tissue (41).

Previously, Zhang et al perform MWA for PHPT
treatment in 35 cases with six months follow-up. They
concluded that MWA could significantly reduce serum
PTH, calcium, and phosphorus levels; it was also relatively
safe and long lasting in treating PHPT patients (41).

In another study, Liu et al perform a comparison
between MWA and parathyroidectomy for PHPT in
56 cases with similar basic characteristics. There was a
significant decrease in operation time and blood loss in
the MWA group compared to the surgical group (P<0.01).
After six months, 82.1% of patients treated with MWA
had normal PTH and serum calcium levels; their study
showed that the cure rate and prevalence of complications
were not different between the two groups (11).

In another study, Fan et al treated 22 patients with
MWA for PHPT. In a one-year follow-up, serum PTH
and calcium levels normalized in 19 cases (86.36%), and
nodules disappeared completely in 15 cases (68.2%). They
suggest that MWA is an effective method for managing
PHPT (42).

Ultrasound wand

Thyroid gland

Radiofrequency
ablation probe

Parathyroid nodule

Figure 2. Schematic diagram of RFA in treatment of PHPT.

High-intensity focused ultrasound
High-intensity focused ultrasound is three-dimensional
conformal therapy. An external mechanical motion under
ultrasonic monitoring can disrupt the focus from the
ablation area (43) (Figure 3). As high-intensity ultrasound
passes through tissues, the tissue constantly absorbs the
energy and converts it to heat. The tissue temperature
rises rapidly in the focal area to 65-100°C, resulting in
cells necrosis. Despite a successful application to prostate
tumors and uterine fibroids, the clinical experience in
managing parathyroid adenoma is limited(44).

According to a study by Kovatcheva et al in 2014, HIFU
effectively treated 13 patients with parathyroid adenomas.
Patients significantly decreased PTH and serum calcium
levels; subcutaneous edema and vocal cord damage were
reported in a few patients after the procedure. The power
disintegrated by HIFU has correlation with the cure rate,
not the damage of the vocal cords which is primarily
associated with the depth of adenoma (45).

In a similar study, HIFU was performed on four patients
by Ambrosini et al They reported mild discomfort and
transient hoarseness following HIFU (46).

Percutaneous ethanol injection therapy versus thermal
ablation

Since PEIT has a high recurrence rate, the necessity of
repeating procedures, and having more side effects than
thermal ablation, it’s no longer the best choice for PHPT

{ 7 Transducer

Patient's body surface
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Parathyroid nodule ¥ gh:intensity, focal reaion

Figure 3. Scheme of HIFU in the treatment of PHPT.
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treatment (47).

On the other hand, thermal ablation has significantly
decreased PTH and calcium levels three to six months
after the procedure and its most common complication
was self-limited transient dysphonia without substantial
disabilities (48).

Radiofrequency ablation versus microwave ablation
Ablation techniques vary considerably in their
fundamental mechanisms. Microwave and RFA are widely
used and innovative improvements in thermal ablation
technologies (49). MWA employs an electromagnetic
area surrounding an insulated and electrically
independent antenna, whereas RFA uses current flow
through conducting electrodes inside the body (50). The
ablation zone, treatment time, and therapy sessions may
differ between the two modalities (51). The high core
temperature (RFA versus MWA; 110°C versus 150°C)
can carbonize the ablation zone and reduce absorption.
However, MWA minimizes this phenomenon by low-
energy, brief radiation period, and multiple-spot ablation
procedure(52).

These devices have several advantages for treating
PHPT, including minimal invasiveness, high tolerance,
and repeatability, as well as preventing overheating and
maximizing energy efficiency (39,51).

Clinical outcomes showed that the efficacy of these
methods does not differ significantly (MWA: 88.3%, RFA:
88.9%) (53). In both MWA and RFA, the small diameter
(less than 7 mm) of the adenoma nodule is a specific risk
factor for failing the ablation treatment (53). There was no
significant difference in side effects between the RFA and
MWA groups. The most common complication following
ablation was transient hoarseness (5%) (52). Compared to
surgical resections with a cure rate of 95%, MWA and RFA
have slightly lower cure rates (88%) (12,53).

Conclusion

Our study shows PEIT is a classic method that is less
commonly used nowadays because of its low recovery rate.
The analysis of thermal ablation methods revealed that LA
is inefficient and requires considerable repetition. Further
studies are needed to reach a comprehensive conclusion
about the efficacy of the HIFU technique. Meanwhile,
The MWA and RFA have a cure rate of over 85% and
fewer complications; it seems that they have the potential
to replace surgical methods in the future, especially in
patients who are not candidates for surgery.

Authors’ contribution

Conceptualization: MJ, PY.

Validation: AB.

Investigation: ARK, MJ, PY.

Resources: AB.

Data curation: ARK, MJ, PY.

Writing-original draft preparation: ARK, MJ, PY.
Writing-reviewing and editing: ARK, AK, DR.

Visualization: MJ, MS.
Supervision: AB.
Project management: AB.

Conflicts of interest
The authors declare no conflict of interest related to the subject
matter or materials discussed in this article.

Ethical issues
Ethical issues (including plagiarism, data fabrication, and double
publication) have been completely observed by the authors.

Funding/Support
None.

References

1. Hillary S, Balasubramanian SP. Anatomy of the thyroid,
parathyroid, pituitary and adrenal glands. Surgery (Oxford).
2017;35:537-41. doi: 10.1016/j.mpsur.2017.06.016.

2. Taterra D, Wong LM, Vikse J, Sanna B, Pekala P, Walocha
J, et al. The prevalence and anatomy of parathyroid glands:
a meta-analysis with implications for parathyroid surgery.
Langenbecks Arch Surg. 2019;404:63-70. doi: 10.1007/
s00423-019-01751-8.

3. Georgakopoulos B, Al Khalili Y. Anatomy, head and neck,
parathyroid, ectopic glands. In: StatPearls. Treasure Island, FL:
StatPearls Publishing; 2022.

4. Lombardi G, Ziemann E, Banfi G, Corbetta S. Physical activity-
dependent regulation of parathyroid hormone and calcium-
phosphorous metabolism. Int ] Mol Sci. 2020;21:5388. doi:
10.3390/ijms21155388.

5. Corbetta S, Mantovani G, Spada A. Metabolic syndrome in
parathyroid diseases. Front Horm Res. 2018;49:67-84. doi:
10.1159/000486003.

6. Mackenzie-Feder J, Sirrs S, Anderson D, Sharif J, Khan A.
Primary hyperparathyroidism: an overview. Int J Endocrinol.
2011;2011:251410. doi: 10.1155/2011/251410.

7. Walker MD, Silverberg S). Primary hyperparathyroidism.
Nat Rev Endocrinol. 2018;14:115-25. doi: 10.1038/
nrendo.2017.104.

8.  Chiodini I, Cairoli E, Palmieri S, Pepe J, Walker MD. Non
classical complications of primary hyperparathyroidism.
Best Pract Res Clin Endocrinol Metab. 2018;32:805-20. doi:
10.1016/j.beem.2018.06.006.

9. Santangelo LA, Guelman R, Galich AM, Figari M, Plantalech
LC. Primary hyperparathyroidism: medical treatment. Bone.
2006;5:59.

10. Udelsman R, Akerstrom G, Biagini C, Duh QY, Miccoli P,
Niederle B, et al. The surgical management of asymptomatic
primary hyperparathyroidism: proceedings of the Fourth
International  Workshop. ] Clin  Endocrinol ~ Metab.
2014;99:3595-606. doi: 10.1210/jc.2014-2000.

11. Liu F Yu X, Liu Z, Qiao Z, Dou J, Cheng Z, et al
Comparison of ultrasound-guided percutaneous
microwave ablation and parathyroidectomy for primary
hyperparathyroidism. Int J Hyperthermia. 2019;36:835-40.
doi: 10.1080/02656736.2019.1645365.

12. Iglesias P, Diez JJ. Current treatments in the management of
patients with primary hyperparathyroidism. Postgrad Med J.
2009;85:15-23. doi: 10.1136/pgm;.2008.070177.

13. Chen Z, Cheng L, Zhang W, He W. Ultrasound-guided
thermal ablation for hyperparathyroidism: current status
and prospects. Int J Hyperthermia. 2022;39:466-74. doi:
10.1080/02656736.2022.2028907.

14. Bilezikian JP, Brandi ML, Eastell R, Silverberg SJ, Udelsman
R, Marcocci C, et al. Guidelines for the management of

Journal of Parathyroid Disease, Volume 11, 2023 |5



Jafari M et al

asymptomatic  primary  hyperparathyroidism: ~ summary
statement from the Fourth International Workshop. ] Clin
Endocrinol Metab. 2014;99:3561-9. doi: 10.1210/jc.2014-

RA, Grant CS, et al. Percutaneous parathyroid ethanol ablation
in patients with multiple endocrine neoplasia type 1. AJR Am )
Roentgenol. 2008;191:1740-4. doi: 10.2214/ajr.07.3431.

1413. 29. Mauri G, Nicosia L, Della Vigna P, Varano GM, Maiettini D,

15. Bergenfelz A, Lindblom P, Tibblin S, Westerdahl J. Bonomo G, et al. Percutaneous laser ablation for benign and
Unilateral versus bilateral neck exploration for primary malignant thyroid diseases. Ultrasonography. 2019;38:25-36.
hyperparathyroidism: a prospective randomized controlled doi: 10.14366/usg.18034.
trial. Ann Surg. 2002;236:543-51. doi: 10.1097/00000658- 30. Gough-Palmer AL, Gedroyc WM. Laser ablation of
200211000-00001. hepatocellular carcinoma--a review. World J Gastroenterol.

16. Kovatcheva RD, Vlahov JD, Shinkov AD, Borissova AM, 2008;14:7170-4. doi: 10.3748/wjg.14.7170.

Hwang JH, Arnaud F, et al. High-intensity focused ultrasound 31. Stafford RJ, Fuentes D, Elliott AA, Weinberg JS, Ahrar K. Laser-
to treat primary hyperparathyroidism: a feasibility study in induced thermal therapy for tumor ablation. Crit Rev Biomed
four patients. AJR Am J Roentgenol. 2010;195:830-5. doi: Eng. 2010;38:79-100. doi: 10.1615/critrevbiomedeng.v38.
10.2214/ajr.09.3932. i1.70.

17. Madkhali T, Alhefdhi A, Chen H, Elfenbein D. Primary 32. Appelbaum L, Goldberg SN, lerace T, Mauri G,
hyperparathyroidism. Ulus Cerrahi Derg. 2016;32:58-66. doi: Solbiati L. US-guided laser treatment of parathyroid
10.5152/ucd.2015.3032. adenomas. Int ] Hyperthermia. 2020;37:366-72. doi:

18. Karstrup S, Hegediis L, Holm HH. Acute change in parathyroid 10.1080/02656736.2020.1750712.
function in  primary  hyperparathyroidism  following 33. Andrioli M, Riganti F, Pacella CM, Valcavi R. Long-
ultrasonically guided ethanol injection into solitary parathyroid term effectiveness of ultrasound-guided laser ablation of
adenomas. Acta Endocrinol (Copenh). 1993;129:377-80. doi: hyperfunctioning parathyroid adenomas: present and future
10.1530/acta.0.1290377. perspectives. AJR Am ] Roentgenol. 2012;199:1164-8. doi:

19. Verges BL, Cercueil JP, Jacob D, Vaillant G, Brun JM, Putelat R. 10.2214/ajr.11.8442.

Results of ultrasonically guided percutaneous ethanol injection 34. Guerin C, Paladino NC, Lowery A, Castinetti F, Taieb D, Sebag
into parathyroid adenomas in primary hyperparathyroidism. F. Persistent and recurrent hyperparathyroidism. Updates Surg.
Acta Endocrinol (Copenh). 1993;129:381-7. doi: 10.1530/ 2017;69:161-9. doi: 10.1007/s13304-017-0447-7.

acta.0.1290381. 35. Adda G, Scillitani A, Epaminonda P, Di Lembo S, Motta F,

20. Solbiati L, Giangrande A, De Pra L, Bellotti E, Cantu P, Cecconi P, et al. Ultrasound-guided laser thermal ablation
Ravetto C. Percutaneous ethanol injection of parathyroid for parathyroid adenomas: analysis of three cases with
tumors under US guidance: treatment for secondary a three-year follow-up. Horm Res. 2006;65:231-4. doi:
hyperparathyroidism. Radiology. 1985;155:607-10. doi: 10.1159/000092404.
10.1148/radiology.155.3.3889999. 36. Kim JH, Baek JH, Lim HK, Ahn HS, Baek SM, Choi Y], et

21. Charboneau JW, Hay ID, van Heerden JA. Persistent al. 2017 thyroid radiofrequency ablation guideline: Korean
primary hyperparathyroidism: successful ultrasound-guided Society of Thyroid Radiology. Korean J Radiol. 2018;19:632-
percutaneous ethanol ablation of an occult adenoma. 55. doi: 10.3348/kjr.2018.19.4.632.

Mayo Clin Proc. 1988;63:913-7. doi: 10.1016/s0025- 37. Wang R, Jiang T, Chen Z, Chen ]. Regression of calcinosis
6196(12)62695-0. following treatment with radiofrequency thermoablation for

22. Cercueil JP, Jacob D, Verges B, Holtzmann P, Lerais JM, Krause severe secondary hyperparathyroidism in a hemodialysis
D. Percutaneous ethanol injection into parathyroid adenomas: patient. Intern  Med. 2013;52:583-7. doi: 10.2169/
mid- and long-term results. Eur Radiol. 1998;8:1565-9. doi: internalmedicine.52.8454.
10.1007/s003300050587. 38. Li X, Tufano RP, Russell JO, Yan L, Xiao J, LiY, et al. Ultrasound-

23. Verges B, Cercueil JP, Jacob D, Vaillant G, Brun JM. [Treatment guided radiofrequency ablation for the treatment of primary
of parathyroid adenomas with ethanol injection under hyperparathyroidism: an efficacy and safety study. Endocr
ultrasonographic guidance]. Ann Chir. 2000;125:457-60. doi: Pract. 2021;27:1205-11. doi: 10.1016/j.eprac.2021.07.012.
10.1016/s0003-3944(00)00221-2. [French]. 39. Ha EJ, Baek JH, Baek SM. Minimally invasive treatment for

24. Stratigis S, Stylianou K, Mamalaki E, Perakis K, Vardaki E, benign parathyroid lesions: treatment efficacy and safety based
Tzenakis N, et al. Percutaneous ethanol injection therapy: a on nodule characteristics. Korean J Radiol. 2020;21:1383-92.
surgery-sparing treatment for primary hyperparathyroidism. doi: 10.3348/kjr.2020.0037.

Clin Endocrinol (Oxf). 2008;69:542-8. doi: 10.1111/j.1365- 40. Kim C. Understanding the nuances of microwave ablation
2265.2008.03238.x. for more accurate post-treatment assessment. Future Oncol.

25. Alherabi AZ, Marglani OA, Alfiky MG, Raslan MM, Al- 2018;14:1755-64. doi: 10.2217/fon-2017-0736.

Shehri B. Percutaneous ultrasound-guided alcohol ablation 41. Zhang M, Gao Y, Zhang X, Ding Z, Wang X, Jiang W, et
of solitary parathyroid adenoma in a patient with primary al. Evaluation of efficacy of ultrasound-guided microwave
hyperparathyroidism. Am ] Otolaryngol. 2015;36:701-3. doi: ablation in primary hyperparathyroidism. J Clin Ultrasound.
10.1016/j.amjoto.2015.04.006. 2022;50:227-35. doi: 10.1002/jcu.23134.

26. Shenoy MT, Menon AS, Nazar PK, Moorthy S, Kumar 42. Fan BQ, He XW, Chen HH, Zhang WM, Tang W. US-guided
H, Nair V, et al. Radiofrequency ablation followed by microwave ablation for primary hyperparathyroidism: a
percutaneous ethanol ablation leading to long-term remission safety and efficacy study. Eur Radiol. 2019;29:5607-16. doi:
of hyperparathyroidism. J Endocr Soc. 2017;1:676-80. doi: 10.1007/s00330-019-06078-y.
10.1210/j5.2017-00094. 43. Sanghvi NT, Hawes RH. High-intensity focused ultrasound.

27. Yazdani AA, Khalili N, Siavash M, Shemian A, Goharian AR, Gastrointest Endosc Clin N Am. 1994;4:383-95.

Karimifar M, et al. Ultrasound-guided ethanol injection for 44. lzadifar Z, 1zadifar Z, Chapman D, Babyn P. An introduction
the treatment of parathyroid adenoma: a prospective self- to high intensity focused ultrasound: systematic review on
controlled study. ] Res Med Sci. 2020;25:93. doi: 10.4103/ principles, devices, and clinical applications. J Clin Med.
jrms.JRMS_553_19. 2020;9:460. doi: 10.3390/jcm9020460.

28. Veldman MW, Reading CC, Farrell MA, Mullan BP, Wermers 45. Kovatcheva R, Vlahov J, Stoinov J, Lacoste F, Ortuno C,

6 | Journal of Parathyroid Disease, Volume 11, 2023



Ultrasound-guided ablation

46.

47.

48.

49.

Zaletel K. US-guided high-intensity focused ultrasound as
a promising non-invasive method for treatment of primary
hyperparathyroidism. Eur Radiol. 2014;24:2052-8. doi:
10.1007/s00330-014-3252-4.

Ambrosini CE, Cianferotti L, Picone A, Torregrossa L, Segnini
G, Frustaci G, et al. High-intensity focused ultrasound
as an alternative to the surgical approach in primary
hyperparathyroidism: a preliminary experience. ] Endocrinol
Invest. 2011;34:655-9. doi: 10.1007/bf03345404.

Lee KH, Jeong I. Combination therapy of ethanol ablation
and radiofrequency ablation to treat parathyroid adenoma
in a case with primary hyperparathyroidism. Iran J Radiol.
2022;19:e120869. doi: 10.5812/iranjradiol-120869.

Liu C, Wu B, Huang P, Ding Q, Xiao L, Zhang M, et al.
US-guided percutaneous microwave ablation for primary
hyperparathyroidism with parathyroid nodules: feasibility
and safety study. J Vasc Interv Radiol. 2016;27:867-75. doi:
10.1016/j.jvir.2016.02.013.

Korkusuz H, Wolf T, Griinwald F. Feasibility of bipolar
radiofrequency ablation in patients with parathyroid adenoma:

50.

51.

52.

53.

a first evaluation. Int ] Hyperthermia. 2018;34:639-43. doi:
10.1080/02656736.2018.1453552.

Liu F, Liu Y, Peng C, Yu M, Wu S, Qian L, et al. Ultrasound-
guided microwave and radiofrequency ablation for primary
hyperparathyroidism: a prospective, multicenter study. Eur
Radiol. 2022;32:7743-54. doi: 10.1007/00330-022-08851-y.
Ye J, Huang W, Huang G, Qiu Y, Peng W, Lan N, et al.
Efficacy and safety of US-guided thermal ablation for
primary hyperparathyroidism: a systematic review and
meta-analysis. Int ] Hyperthermia. 2020;37:245-53. doi:
10.1080/02656736.2020.1734673.

Ahmed M, Brace CL, Lee FT Jr, Goldberg SN. Principles of and
advances in percutaneous ablation. Radiology. 2011;258:351-
69. doi: 10.1148/radiol.10081634.

Wei Y, Peng CZ, Wang SR, He JF, Peng LL, Zhao ZL, et al.
Microwave ablation versus radiofrequency ablation for
primary hyperparathyroidism: a multicenter retrospective
study. Int ] Hyperthermia. 2021;38:1023-30.  doi:
10.1080/02656736.2021.1945689.

Journal of Parathyroid Disease, Volume 11, 2023 |7



