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INTRODUCTION

Hyperparathyroidism is a common clinical entity 
characterized by elevated parathyroid hormone (PTH) 
levels in the blood. This results from a disorder either 
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Objective: This study aimed to evaluate the efficacy and safety of ultrasound (US)-guided minimally invasive treatment in 
patients with parathyroid lesions.
Materials and Methods: This study included 27 patients who had undergone US-guided radiofrequency ablation (RFA) or 
ethanol ablation (EA) for parathyroid lesions between January 2010 and 2018. RFA was performed in 19 patients with primary 
hyperparathyroidism (PHPT, n = 11) or secondary hyperparathyroidism (SHPT, n = 8), and EA was performed in eight patients 
with symptomatic nonfunctioning parathyroid cysts (SNPCs). Nodule size, volume, serum parathyroid hormone (PTH) and calcium 
levels were recorded before and after treatment. Complications were evaluated during and after treatment.
Results: In patients with PHPT, significant reductions in size and volume were noted after RFA at 6- and 12-month follow-up 
(all, p < 0.05). Seven nodules nearly completely disappeared (residual volume < 0.1 mL); serum PTH and calcium levels were 
reduced to normal ranges (7/11, 63.6%). Four patients experienced partial reductions of serum PTH and calcium levels (4/11, 
36.4%). In patients with SHPT, three experienced therapeutic response of serum PTH (3/8, 37.5%), while five showed persistent 
hyperparathyroidism (5/8, 62.5%) within 6 months after RFA. In patients with SNPCs, EA resulted in significant reductions in 
cyst size and volume (all, p < 0.05) at the last follow-up. A total of four complications (two transient hypocalcemia [RFA], 
one permanent [RFA], and one transient [EA] hoarseness) were observed.
Conclusion: Minimally invasive treatments, such as RFA and EA, may serve as therapeutic alternatives for patients with PHPT 
or SNPCs; they may have limited usefulness in patients with SHPT.
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within the parathyroid glands (primary hyperparathyroidism 
[PHPT]) or outside the parathyroid glands (secondary 
hyperparathyroidism [SHPT]) (1, 2). Since functional 
abnormalities including a high incidence of renal stones, 
severe bone disease, fractures, neuromuscular syndrome, 
or cardiovascular disease are common, patients with 
symptomatic hyperparathyroidism require treatment. 
Nonfunctioning parathyroid cysts are true cysts and are 
typically asymptomatic. However, large cysts can cause 
symptoms and require treatment (3).

Surgical parathyroidectomy is the standard treatment 
for patients with symptomatic PHPT (1). Although current 
drugs can reduce and normalize calcium levels in patients 
with SHPT, patients with severe hyperparathyroidism who 
fail to respond to medications require surgery (4). Simple 
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aspiration has been used as an initial diagnosis and 
treatment for symptomatic nonfunctioning parathyroid 
cysts (SNPCs); however, recurrence has been also reported 
in 66.7% and required additional treatment (3). Although 
surgery is generally safe, postoperative morbidity and 
mortality have been reported, specifically in elderly 
patients and in patients with other concurrent chronic 
diseases. Additionally, some patients with symptomatic 
hyperparathyroidism or SNPC either refuse surgery or are 
unsuitable candidates for surgery (5). Therefore, ultrasound 
(US)-guided minimally invasive treatments, such as 
radiofrequency ablation (RFA) and ethanol ablation (EA), 
have been suggested as alternative treatments to surgery 
for benign parathyroid lesions in patients who are ineligible 
for surgery (3, 6-22). This study aimed to evaluate the 
treatment efficacy and safety of US-guided RFA and EA 
in patients with parathyroid lesions based on nodule 
characteristics.

MATERIALS AND METHODS

The protocol of this study was approved by the Ethics 
Committees of the Institutional Review Boards of the three 
participating hospitals. Written informed consent was 
obtained from all patients before they underwent RFA or EA.

Patients
Between January 2010 and 2018, 28 patients with 

parathyroid lesions were eligible for RFA or EA in the three 
participating hospitals (Asan Medical Center, Haeundae 
Sharing and Happiness Hospital, and Ajou University 
Medical Center). RFA was performed in 11 patients with 
PHPT and 8 patients with SHPT. EA was performed in 9 
patients with SNPCs. One patient was lost to follow-up after 
EA, and 27 patients were finally included in this study.

The criteria for performing RFA in patients with PHPT or 
SHPT were as follows: 1) PTH levels above the upper limit 
of the normal range (65 pg/mL); 2) positive technetium 
(99mTc)-sestamibi scan results and/or US examination 
results, and 3) refusal or ineligibility for surgery. The 
criteria for performing EA in patients with parathyroid 
cysts were as follows: 1) nonfunctioning parathyroid cysts 
without solid components, 2) cosmetic and/or pressure 
symptoms related to parathyroid cysts, and 3) recurrence 
after simple aspiration. We excluded parathyroid lesions 
with suspicious sonographic features (irregular shape, non-
circumscribed margin, and local invasion) to rule out the 

possibility of malignancy. We also excluded patients with 
history of thyroid or parathyroid surgery.

Preprocedural Assessment
US was performed in all patients before RFA or EA. Three 

radiologists, who had 22, 19, and 14 years of clinical 
experience, respectively, in performing and evaluating neck 
US images, performed all US examinations with one of the 
three US systems: an iU22 ultrasound machine (Philips 
Healthcare), an RS 80 (Samsung Medison Co., Ltd.), or 
an EUB-7500 HV (Hitachi Medical Systems). All three US 
systems were equipped with a high-frequency linear probe 
(5–14 MHz). The index nodule volume was calculated as V = 
πabc/6, where V is the volume, a is the largest diameter, 
and b and c are the other two perpendicular diameters. 
Biochemical data, including serum PTH and calcium levels, 
were collected from the patients before ablation.

Ablation Procedures
Both RFA and EA were performed in an outpatient 

setting. Each patient was placed in a supine position with 
the neck extended. After sterilization, vessels located 
along the approach route were identified, and 2% lidocaine 
was injected at the site of skin puncture. All procedures 
were performed by one of the three radiologists who had 
evaluated the preprocedural US images.

For RFA, an 18- or 19-gauge monopolar modified internally 
cooled electrode (VIVA, STARmed) with a 0.38-, 0.5-, 0.7-, 
or 1.0-cm active tip was used together with a radiofrequency 
generator (VIVA RF generator, STARmed) and a peristaltic 
pump (VIVA pump, STARmed). A 5% dextrose solution was 
injected to create a hydrodissection around the lesion. 
Subsequently, the ablation needle was inserted into the 
parathyroid lesions under US guidance. Ablation was 
performed with 10–70 W of radiofrequency power according 
to the size of the treated nodule and active tip. During 
the procedure, continuous slow injection of a 5% dextrose 
solution was performed to prevent thermal injury to the 
critical structures, including the recurrent laryngeal nerve 
(RLN), esophagus, and trachea. Ablation was terminated 
when the entire target lesion was covered with hyperechoic 
microbubbles. In patients with SHPT, one or more of the 
dominant parathyroid nodules was ablated based on the 
99mTc-sestamibi scan and US results.

For EA, an 18-gauge needle was inserted via the normal 
thyroid tissue to minimize leakage of ethanol outside of 
the cyst. Following aspiration of cystic fluid, 99% sterile 
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ethanol was injected through the same needle. The amount 
of injected ethanol was less than 50% of the aspirated fluid 
volume. After 5–10 minutes with the needle in place, the 
injected ethanol was removed completely, and the needle 
was withdrawn.

Complications were evaluated both during and 
immediately after the procedure. Each patient was observed 
for 2 hours after RFA and for 30 minutes after EA in the 
hospital.

Follow-Up and Outcome Assessment
Patients were followed up at 1, 6, and 12 months after 

the procedure. Changes in the size and volume of the 
treated nodule and in the biochemical data, including 
serum PTH and calcium levels, were calculated at each 
follow-up period. Adverse events that were observed during 
the follow-up period were noted. Patients with persistent 
hyperparathyroidism and residual undertreated vital gland 
present on US a few months (generally, 1–3 months) after 
treatment were advised to consider a second ablation.

In patients with PHPT, the criteria for a complete 
response were defined as serum PTH and calcium levels 
reduced to within normal ranges (< 65 pg/mL for PTH and 
8.5–10.3 mg/dL for calcium) at the last follow-up. The 
criteria for a partial response were as follows: reduced serum 
PTH levels that remained above the upper limit of normal 
(> 65 pg/mL) or serum calcium levels that remain above 
the upper limit of normal (> 10.3 mg/dL) after treatment. 
The criteria for persistent disease were as follows: serum 
PTH or calcium levels after treatment that were unchanged 
or above baseline levels measured before treatment (10).

In patients with SHPT, the criteria for a therapeutic 
response were as follows: serum PTH levels that had 
decreased to the target range (130–585 pg/mL) and 
remained within that range for 6 months (4). The criteria 
for no response were as follows: serum PTH levels outside 

the target range or higher than baseline levels (measured 
before treatment) within 6 months after RFA (4). In 
patients with SNPC, treatment outcome was assessed using 
the volume reduction ratio (VRR) after EA.

Statistical Analyses
Statistical analyses were performed using the Statistical 

Package for the Social Sciences (SPSS) for Windows 
statistical software package version 23.0 (IBM Corp.). The 
Wilcoxon signed-rank test was used to compare nodule size, 
volumes, and biochemical data before treatment and at the 
last follow-up after treatment. Continuous variables are 
presented as mean ± standard deviation, and categorical 
variables are presented as frequency. P values < 0.05 were 
considered statistically significant.

RESULTS

Patient Demographics and Clinical Characteristics
The baseline clinical and treatment characteristics of the 

patients are summarized in Table 1. In the PHPT group, 
RFA was performed in 11 patients with the mean follow-
up duration of 13.6 ± 18.7 months (range, 3–69 months). 
The mean serum PTH level was 190.2 ± 205.0 pg/mL (range, 
67.9–784 pg/mL), and the mean serum calcium level was 
10.6 ± 0.6 mg/dL (range, 9.5–11.5 mg/dL). Ten patients 
underwent one treatment session, while one patient 
underwent two treatment sessions. In the SHPT group, RFA 
was performed in eight patients with the mean follow-
up duration of 25.9 ± 29.7 months (range, 9–98 months) 
(one [n = 3], two [n = 2], or three [n = 3] lesions with 
parathyroid hyperplasia). The mean serum PTH level was 
950.4 ± 470.1 pg/mL (range, 380–1977 pg/mL), and the 
mean serum calcium level was 9.8 ± 1.0 mg/dL (range, 9.3–
12.1 mg/dL). Patients underwent one to three treatment 
sessions per nodule (mean, 1.6 ± 0.9).

Table 1. Clinical and Treatment Characteristics of Patients with Parathyroid Lesions Included in this Study
PHPT (n = 11) SHPT (n = 8) SNPCs (n = 8)

Age (years) 64.8 ± 15.0 61.6 ± 17.3 49.0 ± 12.3
Sex (male:female) 2:9 3:5 2:6
Size (cm) 2.0 ± 0.9 (0.6–3.8) 1.7 ± 0.7 (0.9–2.7) 4.4 ± 1.1 (3.0–5.6)
Volume (mL) 1.2 ± 1.0 (0.1–3.3) 1.4 ± 1.4 (0.2–5.7) 19.3 ± 11.9 (4.1–37.3)
Treatment sessions per nodule 1.1 ± 0.3 1.6 ± 0.9 1.0 ± 0.0
Ablation time per nodule (min) 3.7 ± 3.4 3.3 ± 1.3 5–10
Treatment method Radiofrequency ablation Radiofrequency ablation Ethanol ablation

Values are shown as mean ± standard deviation unless otherwise indicated. Numbers in parenthesis are ranges. PHPT = primary 
hyperparathyroidism, SHPT = secondary hyperparathyroidism, SNPCs = symptomatic nonfunctioning parathyroid cyst
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EA was performed in eight patients with SNPCs. The mean 
follow-up duration was 5.6 ± 8.4 months (range, 1–27 
months). All patients underwent one treatment session.

Treatment Efficacy
Table 2 lists the changes in size, volume, and laboratory 

test data after treatment in patients with PHPT. Significant 
reductions in the mean size and volume of the ablated 
nodule were noted after RFA (p = 0.003 for both). The mean 
VRR was 91.7% at 12-month follow-up. Among the 11 
parathyroid adenomas treated, seven had nearly completely 
disappeared at the last follow-up (residual volume < 0.1 mL, 
63.6%). The mean serum PTH and calcium levels significantly 
decreased from 190.2 ± 205.0 to 45.9 ± 22.5 pg/mL and 
from 10.6 ± 0.6 to 9.4 ± 0.7 mg/dL, respectively (p = 0.003 
and p = 0.007, respectively). Serum PTH and calcium levels 
were within the normal ranges in seven of the 11 patients 
(63.6%) (Fig. 1). Among the four patients with a partial 
response, one underwent surgery due to an overlooked 
double parathyroid adenoma on the contralateral side, 
which showed an increase in size on follow-up US after 
RFA. Analysis of the surgical specimen confirmed complete 
necrosis of the treated right adenoma and a viable untreated 
left parathyroid adenoma (Fig. 2). Two females (aged 92 and 
87 years, respectively) could not be fully treated because 
of limited cooperation and refusal to undergo additional 
treatment. One patient showed complete disappearance of 
the nodule after treatment, but serum PTH level remained 
slightly above the normal range (68.5 pg/mL) at the last 
follow-up.

Table 3 lists the changes in size, volume, and laboratory 
test data after treatment in patients with SHPT. Significant 
reductions in the mean size and volume of the ablated 
nodule were noted after RFA (p = 0.001 for both). However, 
among the eight patients with SHPT, three experienced 
a therapeutic response with a reduction in serum PTH 
level (3/8, 37.5%), while five showed no response in 

terms of serum PTH level and had persistent symptomatic 
hyperparathyroidism within 6 months after RFA (5/8, 
62.5%) (Fig. 3). The serum PTH and calcium levels were 
insignificantly changed at the last follow-up (p = 0.449 
and p = 1.000, respectively). Multiple treatment sessions 
(two sessions for four patients and three sessions for three 
patients) were required in seven patients (7/8, 87.5%) 
within 6 months after the initial treatment. Among them, 
two patients showed therapeutic responses, while five 
patients showed no responses on follow-up evaluations.

Table 4 lists the changes in cyst size and volume after 
treatment in patients with SNPCs. Significant reductions in 
size and volume were noted at the last follow-up (p = 0.012). 
The mean volume decreased from 19.3 ± 11.9 to 0.1 ± 0.1 
mL after EA, and the mean VRR was 98.5% (Fig. 4).

Complications
RFA and EA procedures were safely performed, and none 

of the patients required hospitalization after treatment. 
Permanent voice change was observed in one patient with 
SHPT after two sessions of RFA and was not recovered at 
1-year follow-up examinations. Transient voice change 
was observed in one patient with SNPCs after EA; this 
complication recovered spontaneously within 2 months. 
Transient hypocalcemia was observed in one patient 
with PHPT and in one patient with SHPT after RFA. This 
complication was recovered with a few days, through 
the use of medication. There were no life-threatening 
complications.

DISCUSSION

Our findings demonstrated that RFA could significantly 
reduce PTH and calcium levels in patients with PHPT; 
however, it commonly showed transient efficacy 
and failed to prevent the recurrence of symptomatic 
hyperparathyroidism in patients with SHPT. EA could be 

Table 2. Changes in Ultrasound Features and Laboratory Tests after Radiofrequency Ablation in Patients with Primary 
Hyperparathyroidism

Baseline (n = 11) 1 Month (n = 11) 6 Months (n = 10) 12 Months (n = 5) P
Size (cm) 2.0 ± 0.9 1.3 ± 0.7 0.9 ± 0.6 0.3 ± 0.5 0.003
Volume (mL) 1.2 ± 1.0 0.6 ± 0.8 0.2 ± 0.2 0.03 ± 0.04 0.003
Volume reduction rate (%) - 54.7 87.6 91.7
PTH level (pg/mL) 190.2 ± 205.0 98.6 ± 78.0 66.7 ± 34.6 45.9 ± 22.5 0.003
Calcium level (mg/dL) 10.6 ± 0.6 9.0 ± 1.0 9.4 ± 0.7 9.4 ± 0.7 0.007

Values are shown as mean ± standard deviation unless otherwise indicated. P values were calculated using data before treatment and at 
last follow-up after treatment. Normal ranges were < 65 pg/mL for PTH and 8.5–10.3 mg/dL for calcium. PTH = parathyroid hormone
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an effective treatment option for patients with SNPCs. 
Voice change and hypocalcemia may occur after RFA or EA. 
Although this complication was rare, operators should be 
aware of the possibility of these complications.

For patients with PHPT, thermal ablation techniques have 
been suggested as alternatives to surgery since 2010 (6-
16, 23, 24). Recent studies have reported the potential 
efficacies of these approaches: the complete remission 
rate may reach 86.7% with a mean follow-up duration 
of 12 months (10). Thus far, RFA has been reported in 
limited numbers of patients (1–9 patients per study) (6-

9). In our study, among the 11 patients treated, complete 
disappearance of the nodule and biochemical remission 
were reported in seven patients (63.6%). Although PTH 
failed to reach normal levels in four patients (36.4%), 
one patient showed complete necrosis of the treated 
nodule on the surgical specimen, and one patient showed 
complete disappearance of the treated nodule on US 
with serum PTH level of 68.5 pg/mL. The remaining two 
patients failed to reach normal PTH levels due to partial 
ablation in patients who were older and showed limited 
cooperation. A few residual adenomatous parathyroid cells 

Fig. 1. A 52-year-old female with primary hyperparathyroidism. 
A, B. Technetium-sestamibi scan and US examination revealed right parathyroid adenoma. C, D. After radiofrequency ablation, volume of nodule 
gradually decreased and disappeared on serial follow-up US (3 and 69 months after treatment, respectively). Serum PTH and calcium levels were 
decreased and remained in normal range at 69-month follow-up after treatment (serum PTH, from 223 pg/mL to 30.3 pg/mL; calcium, from 12.5 
mg/dL to 8.9 mg/dL). PTH = parathyroid hormone, US = ultrasound

Parathyroid scan
99mTc-MIBI

10 minutes 2 hours

A

C

B

D
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Fig. 2. A 71-year-old female with primary hyperparathyroidism. 
A, B. Technetium-sestamibi scan and US examination revealed right intrathyroidal parathyroid adenoma. C, D. After radiofrequency ablation, 
volume of treated nodule decreased; however, overlooked double parathyroid adenoma showed increase on contralateral side (arrow) on 3-month 
follow-up US (serum parathyroid hormone, from 146 pg/mL to 113 pg/mL; calcium, from 11.1 mg/dL to 10.3 mg/dL). E. Surgical specimen 
revealed complete necrosis of right treated adenoma.

10 minutes 2 hours

Parathyroid scan
99mTc-MIBI

A

C D E

B

Table 3. Changes in Ultrasound Features and Laboratory Tests after Radiofrequency Ablation in Patients with Secondary 
Hyperparathyroidism

Baseline (n = 8) 1 Month (n = 8) 6 Months (n = 8) 12 Months (n = 6) P
Size (cm) 1.7 ± 0.6 1.2 ± 0.5 1.0 ± 0.4 0.8 ± 0.3 0.001
Volume (mL) 1.4 ± 1.4 0.9 ± 1.0 0.4 ± 0.4 0.2 ± 0.1 0.001
Volume reduction rate (%) - 46.6 71.2 86.3
PTH level (pg/mL) 950.4 ± 470.1 698.0 ± 384.1 1198.7 ± 1016.0 296.2 ± 130.9* 0.499
Calcium level (mg/dL) 9.8 ± 1.0 9.5 ± 1.3 9.0 ± 0.8 10.5 ± 2.1 1.000

Values are shown as mean ± standard deviation unless otherwise indicated. P values were calculated using data before treatment and 
at last follow-up after treatment. Reasonable PTH levels were < 585 pg/mL and excessive PTH levels were ≥ 585 pg/mL. *After 6 month 
of follow-up, two patients with uncontrolled high serum PTH levels (1650 and 2990 pg/mL) underwent surgery and three patients 
underwent additional treatments.
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led to partial remission of hyperparathyroidism. Microwave 
ablation has been reported with a relatively larger number 
of patients (1–28 patients per study) and longer follow-

up durations (mean, 6–32.8 months per study) (10-13). 
Complete remission rates have been reported above 80% 
after 1–3 treatment sessions per nodule. Therefore, based 
on the findings of the present study, we suggest that RFA 
may be a possible treatment option for patients with PHPT; 
however, careful pre- and post-procedural US evaluations 
are necessary for therapeutic success.

For patients with SHPT, several studies have reported 
variable outcomes after thermal ablations (17-22, 25-27). 
Regarding microwave ablation, Zhuo et al. (20) showed 
marked reductions of serum PTH level from 1203 pg/mL 
to 400 pg/mL and serum calcium level from 2.53 mmol/
L to 2.33 mmol/L with a mean follow-up duration of 11.1 
months. Conversely, Diao et al. (18) reported that 61.54% 
(16/26) of nodules were nonresponsive. One paper has 
been reported using the RFA so far (27). They reported 
a reasonable PTH level in 44.1% (15/34) and excessive 
PTH level in 55.9% (19/34) at 1 year after ablation. In 
our study, three patients showed a therapeutic response 
(37.5%, 3/8), whereas five showed persistent disease 
(62.5%, 5/8) after 6 months. It was common for patients 
to experience growth of untreated small parathyroid lesions 
after treatment of the most prominent lesion. Therefore, 
we hypothesize that repeated treatments are required for 
patients with SHPT to maintain the serum PTH and calcium 
levels at a certain level. A gradual, step-by-step, approach 
should be considered for the treatment of selected patients 
with SHPT.

Several studies have demonstrated successful treatment of 
patients with SNPCs by simple aspiration, with therapeutic 
success rates ranging from 33% to 92% (3, 28-31). However, 
in patients with recurring symptomatic cysts, chemical 
ablation may be a suitable treatment option (3). In our 
study, the therapeutic success of EA was 100%. However, 
there remains a concern regarding leakage of ethanol along 
the needle track. One patient also experienced a transient 
voice change. Sung et al. (3) proposed that insertion of 
the needle through sufficient normal thyroid parenchyma, 
using a technique known as the trans-isthmic approach, 
could minimize ethanol leakage in the treatment of thyroid 
cysts. This method can also be used for the treatment of 
parathyroid cysts to prevent ethanol leakage and potentially 
reduce complications.

In terms of safety, voice change was observed in two 
patients after treatment. Because the RLN is anatomically 
close to the parathyroid gland, prevention of RLN injury 
is extremely important when treating parathyroid lesions 

Fig. 3. A 32-year-old male with secondary hyperparathyroidism. 
A, B. Technetium-sestamibi scan and US examination revealed three 
parathyroid hyperplasias (sonographic image of left hyperplasia is not 
presented here). C. After ablation of three lesions with hyperplasia, 
serum PTH and calcium levels were within target range (serum PTH, 
1043 pg/mL → 1008 pg/mL → 251.3 pg/mL; calcium, 9.5 mg/dL → 
8.9 mg/dL → 8.8 mg/dL at 9 months after initial treatment). However, 
new small parathyroid lesion was detected in right lower aspect, 
and serum PTH level tended to increase again during the follow-up 
(serum PTH, 435 pg/mL; calcium, 9.7 mg/dL at 18 months after initial 
treatment).

A

B

C
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(32-34). Therefore, a hydrodissection technique (injection 
of a 5% dextrose solution between the nerve and the 
tumor) is essential for the prevention of thermal injury. 
It is a significantly safe and effective way to perform RFA 
of benign thyroid nodules and recurrent thyroid cancers 
that are located close to the critical structures. It could be 
also applied for RFA of benign parathyroid lesions (32-34). 
With this method, the distance between the RLN and the 
parathyroid lesion can be increased, and complete ablation 
is possible while preventing complications (32-34). The use 
of a small active tip, including 0.38 cm of the electrode, 
also helps to minimize RLN injury and assists in puncturing 
the smaller parathyroid lesions (34). Transient hypocalcemia 
after RFA was also observed in patients with PHPT or SHPT; 
this symptom was treated through the use of medication. 
None of the patients experienced skin burns, hematomas, 
infections, or other serious complications during or after 
ablation.

This study has a few limitations. First, the number of 
patients enrolled in the study was relatively small. Second, 
the follow-up duration was relatively short. A follow-up 
study is required to determine the long-term effectiveness 
of this treatment. Third, for patients with SHPT, the number 
of treated nodules per patient was from one to three since 
we usually ablated larger most functioning parathyroid 

lesions first based on the results of parathyroid scan and 
US images. More multiple sessions and complete 4-gland 
ablation might be helpful for patients who did not have 
therapeutic response in this study. Further studies are 
required to identify the advantages and disadvantages 
of the additional treatment in these patients. However, 
despite these limitations, our study has some strengths. 
First, we tried to evaluate the clinical efficacy and safety 
of minimally invasive treatment for three different types of 
benign parathyroid lesions (PHPT, SHPT, and SNPC). Second, 
we revealed that the treatment efficacy may differ according 
to the nodule characteristics (PHPT vs. SHPT). There have 
been no studies comparing the treatment efficacy of RFA 
for patients with PHPT and SHPT so far. This basic concept 
is important for treating benign parathyroid lesions. Third, 
this study was designed as a multicenter study.

In conclusion, minimally invasive treatments, such as RFA 
and EA, may serve as therapeutic alternatives for patients 
with PHPT or SNPCs. However, they may not prevent the 
recurrence of symptomatic hyperparathyroidism in patients 
with SHPT.
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Fig. 4. A 47-year-old female with parathyroid cyst. 
A. US examination revealed left parathyroid cyst. B. After ethanol ablation, volume of treated cyst markedly decreased and nearly disappeared at 
1-month follow-up.

A B

Table 4. Changes in Ultrasound Features after Ethanol Ablation in Patients with Symptomatic Nonfunctioning Parathyroid Cysts 
Baseline (n = 8) 1–2 Month (n = 8) 3–6 Months (n = 4) P

Size (cm) 4.4 ± 1.1 1.6 ± 0.8 0.4 ± 0.3 0.012
Volume (mL) 19.3 ± 11.9 1.2 ± 1.5 0.1 ± 0.1 0.012
Volume reduction rate (%) 91.4 98.5

Values are shown as mean ± standard deviation. P values were calculated using data before treatment and at the last follow-up after 
treatment.
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