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Abstract 

Context: Radiofrequency ablation (RFA) has only recently gained popularity in the 
United States for treatment of thyroid nodules (TNs), with a limited number of patients 
having undergone the procedure in this country.
Objective: To evaluate the safety and efficacy of RFA of TNs performed in an outpatient 
setting in the United States.
Methods: This is a retrospective, single-center study of 53 patients who underwent RFA 
of 58 TNs between November 2018 and January 2021. The reduction in volume of nodule, 
cosmetic and symptomatic improvement, effect on thyroid function, and complications 
following RFA were assessed.
Results: Eleven out of 53 patients were excluded from the analysis. A  total of 47 be-
nign TNs (23 nonfunctioning thyroid nodules [NFTNs] and 24 autonomously func-
tioning thyroid nodules [AFTNs]), were assessed after RFA. The median reduction in 
volume was 70.8% after a median follow-up period of 109 days, with symptomatic and 
cosmetic improvement (P < 0.0001). Compared with larger nodules, smaller nodules 
had greater volume reduction (P = 0.0266). RFA improved thyrotropin (TSH) in AFTNs  
(P value = 0.0015) and did not affect TSH in NFTNs (P value = 0.23). There were no major 
complications; however, 1 patient had self-limited local bleeding and another had tran-
sient voice change that recovered in 6 months.
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Conclusion: RFA is a safe and efficacious treatment for symptomatic NFTNs and AFTNs 
in our population and is especially effective for smaller nodules. RFA should be con-
sidered an alternative for TNs in patients who cannot or do not want to undergo surgery.

Key Words: radiofrequency ablation, thyroid nodules, autonomously functioning thyroid nodule

Thyroid nodules (TNs) are common and with the advent of 
high-resolution ultrasonography techniques, are detected in 
up to ~68% of the general population in the United States 
[1]. Most nodules are benign and asymptomatic; however, 
~5% to 15% can grow and cause compressive symptoms 
or cosmetic issues, with palpable nodules being 5 times 
more prevalent in females compared with males [2-4]. In 
addition, ~5% to 10% of TNs are autonomously func-
tioning and can result in symptoms or biochemical subclin-
ical or overt hyperthyroidism [3-5]. The standard of care 
for symptomatic, benign, nonfunctioning thyroid nodules 
(NFTNs) in the United States is surgery, while for autono-
mously functioning thyroid nodules (AFTNs), radioactive 
iodine or surgery is preferred, although thionamides may 
also be used [6].

The overall risk of complications from thyroid surgery is 
estimated to be 2% to 20%, with total thyroidectomies asso-
ciated with more complications than hemi-thyroidectomies 
[7]. In most cases, surgery is performed under general anes-
thesia with associated risks, and it results in scar formation 
[8, 9]. Both surgery and radioactive iodine ablation carry 
the risk of permanent hypothyroidism, resulting in lifelong 
thyroid hormone replacement [10-13]. To avoid these risks, 
minimally invasive thermal ablation techniques, including 
radiofrequency ablation (RFA), laser ablation, microwave 
ablation, and high-intensity-focused ultrasound are in-
creasingly being used worldwide [14].

Although all thermal ablation techniques are relatively 
safe and effective, RFA has shown the most promise in 
treatment of benign TNs with long-term efficacy reported 
over 3 to 5 years [15-19]. Studies from South Korea and 
Italy have shown mean volume reduction of 50% to 93.4% 
in 6 to 12 months, with significant improvement in symp-
toms and cosmesis [20-27]. The data regarding the efficacy 
and safety of RFA from the United States are limited to 
a retrospective review of 14 patients from Mayo Clinic, 
Rochester, Minnesota, who were treated under general an-
esthesia and had a median volume reduction of 44.6% over 
a median follow-up period of 8.6 months; and a brief re-
port of 24 nodules in 15 patients (excluding 1 patient with 
recurrent thyroid cancer) from Columbia University, New 
York, who were treated under local anesthesia and had a 
mean volume reduction of 52.9% over a mean follow-up 
period of 1.1 months [28, 29].

Therefore, we report our experience regarding the effi-
cacy and safety of RFA of thyroid nodules performed in an 
outpatient setting, without general anesthesia, in the United 
States. We also compare outcomes, including complication 
rates, with those from already published studies to see if 
this technique is an acceptable alternative to surgery or 
other therapies in this population.

Methods

Study Population and Design

A retrospective chart review was conducted to identify all 
patients who underwent RFA of their thyroid nodules be-
tween November 2018 and January 2021, at The Thyroid 
Clinic, in Salt Lake City, Utah. A total of 53 patients with 
58 nodules (30 NFTNs and 28 AFTNs) were identified.
The criteria for treatment with RFA was as follows:

1.  NFTNs were treated if they were causing compressive 
symptoms or cosmetic concerns; and were predomin-
antly solid or solid-cystic (>25% solid) on ultrasono-
graphic imaging.

2.  AFTNs were treated in cases of overt hyperthyroidism 
or subclinical hyperthyroidism with symptoms and/or 
risk factors for adverse outcomes, namely, advanced 
age, decreased bone density, and heart disease (heart 
failure, coronary artery disease, or atrial flutter/fibril-
lation); or in case of symptoms regardless of thyroid 
function.

In patients with more than one thyroid nodule, only the 
nodules that met the above criteria were treated with RFA. 
Nodules not treated with RFA were followed with ultra-
sonographic imaging.

Data were extracted from the electronic medical record 
to determine demographics of the patients, ultrasound 
characteristics of the nodules, compressive symptoms, cos-
metic scores, preablation volume, postablation volume, 
complications, and effect on thyroid function studies.

Treatment success was defined as a volume reduction of 
more than 50% within 6 months after RFA with improve-
ment in symptoms and/or cosmetic concerns, and in case of 
AFTNs, normalization of thyroid function tests and reso-
lution of symptoms within 12 months after RFA.
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The protocol of this study was reviewed and approved 
by the University of Texas Southwestern Institutional 
Review Board.

Preablation Assessment

All patients were evaluated clinically and had neck ultra-
sonography and laboratory blood tests prior to the RFA 
procedure. Patients with presence of metallic hardware/
pacemaker, bleeding diathesis, pregnancy, or nodules that 
appeared suspicious on ultrasonographic imaging but had 
benign results on ultrasound-guided fine needle aspiration 
(UG-FNA) were not considered to be candidates for RFA. 
Written and verbal informed consent was obtained from all 
patients prior to performing RFA.

Thyroid function tests including serum thyrotropin 
(TSH; thyroid-stimulating hormone) and free thyroxine 
(T4) levels were performed, along with blood platelet 
count and coagulation tests (including prothrombin 
time and activated partial thromboplastin time) prior to 
RFA in all patients, with the exception of 1 patient who 
had a normal TSH level but did not have a free T4 level. 
Eighteen patients also underwent testing for thyroid per-
oxidase antibodies (TPO Ab) prior to RFA, as elevated 
levels of TPO Ab can increase risk of developing hypo-
thyroidism [30].

All patients with suppressed TSH underwent a pretreat-
ment radioactive iodine uptake and scan, and autonomously 
functioning thyroid nodules were identified. One patient 
had symptoms of hyperthyroidism in the presence of a thy-
roid nodule on ultrasonographic imaging but had normal 
levels of TSH and free T4. She also underwent a radioactive 
iodine uptake and scan that identified the AFTN.

Patients with NFTNs underwent 2 separate ultrasound-
guided fine needle aspiration (UG-FNA) biopsies showing 
benign cytopathology (Bethesda II), with the exception 
of 1 patient who had one UG-FNA biopsy with benign 
cytopathology (Bethesda II) and a second UG-FNA biopsy 
with indeterminate cytopathology (Bethesda III) followed 
by negative molecular marker studies (Thyroseq v3 gen-
omic classifier showed low probability of malignancy). 
Patients with AFTNs each underwent 1 UG-FNA biopsy 
that showed benign cytopathology (Bethesda II), except for 
1 patient whose cytopathology showed atypia of undeter-
mined significance (Bethesda III) followed by Thyroseq v3 
genomic classifier showing low probability of malignancy.

Ultrasonography was performed using the MyLab 
Gamma ultrasound system (Esaote North America) with a 
linear matrix array transducer (SL1543) operating at 4 to 
14 MHz and included color Doppler imaging. Each nodule 
was measured in 3 dimensions and the nodule volume was 
calculated using the ellipsoid volume formula:

Volume (mL) = [length (sagittal) in cm
×depth (anteroposterior) in cm
×width (transverse) in cm]× 0.525

An objective cosmetic score was obtained using a 1 to 4 
scale as reported in the 2017 thyroid RFA guidelines by the 
Korean Society of Thyroid Radiology, where 1 is no palp-
able mass; 2 is no cosmetic problem but presence of palp-
able mass; 3 is a cosmetic problem on swallowing only; and 
4 is a readily visible cosmetic problem [31]. The presence 
or absence of compressive symptoms was also recorded in 
all patients.

Radiofrequency Ablation Procedure

RFA involves insertion of an internally cooled electrode 
into the target nodule. The electrode is connected to a gen-
erator that produces a high-frequency alternating current. 
This causes vibration of ions in the tissue in contact with 
the exposed tip, resulting in thermal injury and coagulative 
necrosis in the target nodule. The ablation is followed by 
shrinkage of the lesion over time.

The procedure was performed in an outpatient setting 
using standard aseptic techniques and local anesthesia for 
pain control. Patients were placed in supine position with 
hyperextended neck, and target nodule and vital cervical 
structures were visualized with ultrasonography in real 
time. To ensure safety and achieve maximum efficacy, the 
RFA was performed using limited hydrodissection, a trans-
isthmic approach, and the ‘moving shot’ technique [31].

Anesthesia
Under ultrasound guidance, using a 25-gauge needle, 3 to 8 
cc of 2% lidocaine without epinephrine was injected under 
the skin and into the thyroid capsule and perithyroidal 
area to provide adequate analgesia. Patients also had add-
itional mild conscious sedation with midazolam and/or 
fentanyl, and 1 patient required ketamine, administered 
by an anesthesiologist who monitored the patients’ hemo-
dynamics throughout the procedure. There were no prob-
lems reported with anesthesia. All patients remained alert, 
coherent, and verbal throughout the procedure, which is 
important for early detection of vocal cord paresis/par-
alysis during the procedure.

Hydrodissection
Hydrodissection is a technique used to separate the target 
lesion from surrounding structures in the neck, such as 
the carotid artery, recurrent laryngeal nerve, and anterior 
cervical muscles. It involves injecting either lidocaine (a 
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total volume of 20 mL should not be exceeded in any pa-
tient to avoid lidocaine toxicity) or dextrose 5% in water 
in between the nodule and adjacent structures to create a 
safety margin that prevents thermal damage to these crit-
ical structures [31]. In our study, limited hydrodissection 
was performed for all patients. The 2% lidocaine without 
epinephrine used for anesthesia was injected to separate 
the anterior thyroid capsule (and anterior cervical muscles) 
from the thyroid parenchyma. Additional hydrodissection 
(eg, to separate the nodule from neurovascular bundle) was 
not required due to the location of the nodules.

Trans-isthmic approach
The trans-isthmic approach refers to inserting the electrode 
from the midline of the neck and advancing it laterally into 
the target nodule, thus limiting heat exposure to the re-
current laryngeal nerve located in the tracheoesophageal 
groove and/or esophagus (Fig. 1). In addition, this makes it 
harder for the electrode to change positions when the pa-
tient talks or swallows, compared with the lateral to medial 
approach, and also prevents leakage of hot fluid into the 
perithyroidal area [32].

Moving shot technique
In this technique, the nodule is ablated bit by bit, starting 
at the inferior-most posterolateral part and gradually 
moving medially and anteriorly, with the electrode pulled 
back along its longitudinal axis following the same track 
as the initial advancement as the ablation is continued 

[33]. As each area is ablated, it becomes hyperechoic on 
ultrasonography, indicating that the electrode must then 
be repositioned within the nodule to continue the ablation. 
The process is then repeated, with overlapping, to com-
pletely ablate the inferior part of the nodule, followed by 
the middle part and then the superior part, until the entire 
nodule is ablated. This technique was used for all patients.

Electrodes and generator
In 55 nodules, RFA was performed with an 18-gauge in-
ternally cooled electrode (STARMed, Seoul, South Korea), 
that was 7 cm in length with a 0.7-cm active tip and was 
powered by the VIVA RF generator (STARMed). In 3 
nodules, similar 18-gauge internally cooled electrodes, 
7  cm in length with 0.7-cm active tips from RF Medical 
powered by RF Ablation System V-1000 (RGS Healthcare), 
were used. For all patients, an initial power of 30 watts (W) 
was used for the ablation and this was increased in incre-
ments of 5 to 10 W every 10 seconds, up to a maximum of 
55 W. The median power used was 35 W (range, 30-55 W), 
with median active ablation time of 3 minutes (range, 32 
seconds to 11 minutes 13 seconds).

A total of 53 patients underwent a single RFA session 
for 58 nodules (5 patients had RFA of 2 separate nodules 
during the same treatment session on the same day). One 
patient with an AFTN required 2 RFA sessions 1 year apart.

Postablation Assessment

All patients were contacted by telephone 1 to 2 days after 
the RFA procedure to evaluate for immediate complica-
tions including pain, fever, hematoma or swelling, voice 
change (both immediate and after 24 hours), and onset of 
dysphagia.

Patients were evaluated with repeat ultrasonography 
and thyroid function tests 6 to 10 weeks after the RFA 
procedure; and were asked to return for follow-up at 6- 
and 12-month intervals. The volume reduction percentage 
(VRP) for each nodule was calculated using the following 
equation:

VRP ={[baseline volume (mL)− f inal volume (mL)]
/baseline volume (mL)} × 100

An assessment was made with regards to presence or 
absence of compressive symptoms following the RFA pro-
cedure, and postablative cosmetic score was also recorded. 
Patients were also evaluated for late-onset complica-
tions, including hoarseness of voice, transient thyroiditis, 
and nodule rupture. Complications were classified as ei-
ther minor (no or nominal therapy with no long-term 
consequence) or major (requiring therapy, leading to 

Figure 1. Ultrasonographic image (transverse view) of radiofrequency 
ablation electrode in thyroid nodule. White arrow pointing towards 
electrode inserted in the middle part of the thyroid nodule (TN) using 
the ‘trans-isthmic’ approach (from medial to lateral) with tip surrounded 
by hyperechoic area indicating ablated zone. In this approach, the elec-
trode tip points away from the trachea (T) limiting heat exposure to 
the recurrent laryngeal nerve located between the trachea (T) and the 
inferior pole of the thyroid lobe. Inserting the electrode from medial 
to lateral, rather than lateral to medial also avoids the neurovascular 
bundle. Abbreviations: ACSM, anterior cervical strap muscles; CCA, 
common carotid artery.
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hospitalization, or causing permanent adverse sequelae) 
based on previously reported criteria [34].

Statistical Analysis

The categorical variables are presented by frequency 
(percentage) and continuous variables are presented by 
mean ± standard deviation for Gaussian distribution, and 
median (minimum and maximum values) for non-Gaussian 
distributed data. Comparisons between the AFTNs and 
NFTNs were made using the Fisher exact test for categor-
ical variables, one-way analysis of variance (ANOVA) for 
Gaussian, and Kruskal-Wallis for non-Gaussian distributed 
data from continuous variables. The paired t test was ap-
plied to compare the pre- and post-RFA thyroid nodule 
volume changes, cosmetic score changes, and changes 
in laboratory values (TSH and free T4). A  linear regres-
sion model was used to detect the association of baseline 
volume and volume changes after the procedure, adjusted 
by energy used, and Pearson correlation was used to see 
the relationship between volume changes and energy used.

Statistical analyses were performed using SAS 9.4 (SAS 
Institute, Cary, NC). A  P value of < 0.05 was considered 
statistically significant.

Results

A total of 58 thyroid nodules in 53 patients (50 female, 3 
male) were treated with RFA. The patients were predom-
inantly Caucasian (51 Caucasian, 1 African American, 
and 1 Asian patient). The median age was 45 years (range, 
30-77 years) (Table 1). Eleven patients did not return for 
follow-up (10 female and 1 male, all Caucasian). The re-
maining 42 patients had a total of 23 NFTNs and 24 
AFTNs that were analyzed after RFA. Thirty-nine nodules 
were predominantly solid (defined as more than 75% solid) 
and 8 were mixed solid-cystic nodules (defined as 25%-
75% solid), of which 6 were >50% solid, and 2 were ~25% 
solid and 75% cystic. Baseline characteristics of the cohort 
are described in Table 1.

On initial post-RFA evaluation, the median reduction in 
volume was 70.8% (range, 32.1%-96.3%) after a median 
follow-up period of 109 days (range, 31-654 days) (Figs. 2  
and 3). Twenty-five patients had contralateral thyroid 
nodules that were not treated with RFA. The volume reduc-
tion in RFA treated nodules was significant compared to 
those that were not treated (P value <0.0001). Nodules that 
did not undergo RFA did not significantly change during 
the same follow-up period (Fig. 4).

Volume reduction percentage (VRP) had an inverse re-
lationship with the size of the nodule (P = 0.0266); with 
median VRP of 75.9% (range, 32.1%-96.3%) in nodules 

less than 10  mL in volume (n = 27 nodules); 61.6% 
(range, 40%-89.6%) in nodules 10 to 20  mL (n = 10); 
and 50.4% (range, 32.1%-92.9%) in nodules more than 
20 mL (n = 10), respectively (Table 2). Overall, 38 out of 
47 nodules (~80.9%) had a volume reduction of more than 
50% during the total follow-up period (Figs. 2 and 3).  
A  volume reduction of more than 50% within the first 
6  months of the ablation could only be confirmed in 30 
nodules, as post-RFA ultrasonography was performed after 
6 months in some patients.

The median VRP in predominantly solid nodules was 
69% (range, 32.1%-96.3%), while the median VRP of 
mixed solid-cystic nodules was 77% (range, 47.4%-
92.9%); however, this difference was not statistically sig-
nificant (P = 0.249).

The initial median volume of NFTNs (n = 23) was 
10.4 mL (range, 1.95-54.9 mL), which decreased to a me-
dian of 2.09 mL (range, 0.57-31.6 mL) after RFA, repre-
senting a median VRP of 69% (range, 32.1-86.1%) over a 
median follow-up period of 116 days (range, 40-654 days) 
(Fig. 2). The initial median volume of AFTNs (n = 24) was 
5.4 mL (range, 0.4-53.9 mL), which decreased to a median 
of 1.8 mL (range, 0.08-36.4 mL) after RFA, representing a 
median VRP of 71.1% (range, 31.7%-96.3%) over a median 
follow-up period of 87 days (range, 31-613 days) (Fig. 3).  
There was a trend toward higher energy use resulting in 
smaller volume reduction (P = 0.1); however, there was no 

Table 1. Baseline characteristics of patients with thyroid 

nodules included in the study

All NFTN AFTN

Patients n, (female/
male)*

42 
(40/2)

22 
(22/0)

20 
(18/2)

Race (White/Black/
Asian)

40/1/1 21/0/1 19/1/0

Median age (y) at time 
of RFA (range)

45 
(30-77)

49.5 
(35-70)

42 
(31-77)

Nodules, n 47 23 24
Single nodule/

multinodular 
goiter, n

17/25 8/14 9/11

US characteristics of 
nodule (S/SC), n

39/8 20/3 19/5

On LT4 before RFA 
(Y/N), n

7/35 7/15 N/A

On MMI before RFA 
(Y/N), n

8/34 N/A 8/12

Abbreviations: AFTN, autonomously functioning thyroid nodule; LT4, 
levothyroxine; MMI, methimazole; N/A, not applicable; NFTN, nonfunc-
tional thyroid nodule; RFA, radiofrequency ablation; S, solid; SC, solid-cystic; 
US, ultrasound. 
*Eleven patients with 11 nodules were lost to follow-up and therefore not 
included in the analysis.
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significant association between energy applied and volume 
reduction when adjusted for the initial volume of the 
nodule (P = 0.43). Both NFTNs and AFTNs showed similar 
volume reductions, and there was no statistical difference 
between the groups when adjusted for initial volume and 
energy applied.

Among the patients with NFTNs, 7 were already on 
levothyroxine for hypothyroidism prior to RFA, which 
was continued after the procedure. One of these patients 
did have an elevated TSH (9.6 mIU/L) after RFA while free 
T4 remained normal (1.2 ng/dL); however, this was attrib-
uted to the patient taking her levothyroxine inconsistently. 
None of the patients who were not on levothyroxine prior 
to RFA treatment developed thyroid dysfunction after the 
procedure. These patients had a median TSH of 1.3 mIU/L 
both before (range, 0.75-3.75 mIU/L), and after (range, 
0.9-2.7 mIU/L) RFA; and a median free T4 of 0.94 ng/dL 
(range, 0.8-1.3 ng/dL) before RFA and 0.89 ng/dL (range, 
0.74-1.1  ng/dL) after RFA. There was no significant dif-
ference between the pre- and post-RFA TSH (P  =  0.09); 
however, the difference between the pre- and post-RFA 
free T4 was significant (P  =  0.02). Of the 15 patients 
not on levothyroxine prior to RFA, 6 patients had TPO 

Ab checked, and 3 of these patients had elevated TPO Ab 
levels. Only 3 of the 7 patients already on levothyroxine 
had their TPO Ab checked, and all had elevated levels.

Patients with AFTNs had predominantly subclinical 
hyperthyroidism, with only 1 patient out of 20 with overt 
hyperthyroidism, and 1 patient who had normal thyroid 
function tests with AFTN diagnosed on radioactive iodine 
uptake and scan. Eight patients were on methimazole prior 
to RFA; it was continued in 6 patients immediately after the 
procedure and discontinued in 2 patients. Of the 6 patients 
who continued methimazole, 3 patients had discontinued it 
after 1 month, 6 months, and 7 months, respectively, and 
3 patients were on a lower dose (2.5-5 mg by mouth daily) 
at the last follow-up appointment. Of note, out of the 8 
patients on methimazole prior to RFA, 5 patients had TPO 
Ab checked; 2 patients had elevated levels, whereas 3 pa-
tients did not have TPO Ab. Of the 3 patients who were 
on methimazole at the last follow-up, only 1 had positive 
TPO Ab. Thyroid-stimulating immunoglobulin and thyro-
globulin antibodies were not checked.

Thyroid function tests significantly improved after RFA 
of AFTNs in patients not on methimazole, with a median 
TSH of 0.1 mIU/L (range, 0.01-0.32 mIU/L) before the 

Figure 3. Change in volume over time in autonomously functioning thy-
roid nodules (AFTN) after radiofrequency ablation (RFA). Each line rep-
resents an individual nodule; Time 0 days indicates the day of the RFA 
procedure, with the length of the line representing length of follow-up. 
Each circle represents a point in time where volume of the nodule was 
measured by ultrasonography, and the points are connected by lines to 
give an approximate rate of volume reduction. A, Change in volume of 
AFTNs with initial volumes of less than 20 mL. B, Change in volume of 
AFTNs with initial volumes of more than 20 mL.

Figure 2. Change in volume over time in nonfunctioning thyroid 
nodules (NFTN) after radiofrequency ablation (RFA). Each line repre-
sents an individual nodule; Time 0 days indicates the day of the RFA 
procedure, with the length of the line representing length of follow-up 
period. Each circle represents a point in time where volume of the 
nodule was measured by ultrasonography, and the points are con-
nected by lines to give an approximate rate of volume reduction. A, 
Change in volume of NFTNs with initial volumes of less than 20 mL. B, 
Change in volume of NFTNs with initial volumes of more than 20 mL.
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procedure, compared with a median TSH of 0.63 mIU/L 
(range, 0.01-1.2 mIU/L) after RFA (P = 0.0015); and a me-
dian free T4 of 1.15 ng/dL (range, 0.9-1.9 ng/dL) before 
RFA and 0.9  ng/dL (range, 0.7-1.8  ng/dL) after the pro-
cedure (P = 0.01). All patients had normal free T4 levels 
(normal range, 0.7-1.8  ng/dL) after RFA; and 15 of 20 
patients (75%) had their TSH normalize (normal range, 
0.4-4.5 mIU/L) within 12 months of the procedure; how-
ever, 3 of the 15 patients were still on methimazole. These 

3 patients chose to continue methimazole rather than get 
definitive therapy with radioactive iodine or surgery.

The patient with normal thyroid function tests in the 
presence of a confirmed AFTN reported resolution of 
symptoms after the procedure and her TSH remained 
normal. One patient had 2 RFA procedures on the same 
AFTN 1 year apart and only the first ablation was used in 
the volume reduction calculations. She had a volume re-
duction of 76.3% after her first ablation; however, her TSH 
remained suppressed so she elected to have a second RFA, 
with a further volume reduction of 29.6% over 58 days. 
Her TSH did normalize after the second procedure; the 
level was 0.76 mIU/L with the patient off methimazole at 
the last follow-up. Her cosmetic score improved from 4 to 
2 after the first RFA and from 2 to 1 after the second.

The median cosmetic score before RFA was 4 (range, 
0-4), and this improved significantly to a median of 2 (range, 
0-4) after the procedure (P < 0.0001). NFTNs caused more 
cosmetic concern with a median cosmetic score of 4 (range, 
3-4) before RFA, whereas patients with AFTNs had a me-
dian cosmetic score of 3.5 (range, 0-4). After RFA, the me-
dian cosmetic score decreased significantly to 2 (range, 0-4) 
and 1 (range, 0-3) in NFTNs and AFTNs, respectively. One 
patient with a NFTN and pretreatment cosmetic score of 4 
was not seen physically in clinic so posttreatment cosmetic 
score was not assessed. Compressive symptoms (if present 
prior to RFA) improved in all patients. The response to 
RFA is summarized in Table 3.

No major complications were noted after RFA. Among 
minor complications, 1 patient developed a hematoma 
that resolved spontaneously within a day; and 1 patient 
developed hoarseness of voice during the procedure and 
10 mL of cold dextrose 5% in water was injected in the 
tracheoesophageal groove with partial improvement in 
symptoms at the time. She did not have any predisposing 
factors for hoarseness of voice (nonsmoker, not a singer, 
and no vocal polyps confirmed on laryngoscopy). Her voice 
returned to normal in 6 months. Vocal cord recovery was 
documented by laryngoscopy and ultrasonography. The 
total complication rate was 4.2%.

Figure 4. Change in volume over time of incidental thyroid nodules that 
did not undergo radiofrequency ablation (RFA). Each line represents an 
individual nodule; Time 0 days indicates the day RFA was performed on 
the contralateral nodule, with the length of the line representing length 
of follow-up. Each circle represents a point in time where volume of 
the nodule was measured by ultrasonography, and the points are con-
nected by lines to give an approximate rate of volume reduction. A, 
Change in volume of incidental thyroid nodules in patients who under-
went RFA of nodules with initial volume <20 mL. B, Change in volume 
of incidental thyroid nodules in patients who underwent RFA of nodules 
with initial volume >20 mL.

Table 2. Response to radiofrequency ablation (RFA) expressed as a median volume reduction percentage based on initial 

volume of nodule

Initial Volumes All Nodules n NFTNs n AFTNs n

All volumes 70.8 (31.7-96.3) 47 69 (32.1-86.1) 23 71.1 (31.7-96.3) 24
 < 5 mL 73.1 (31.7-96.3) 13 69.9 (69-70.7) 2 75.2 (31.7-96.3) 11
5 to < 10 mL 77 (46-86.1) 14 79.3 (68.7-86.1) 8 74.4 (46-78.2) 6
 10-20 mL 61.6 (40-89.6) 10 62.6 (40-89.6) 7 60.6 (53.5-80.4) 3
 > 20 mL 50.4 (33.1-92.9) 10 50 (33.1-92.9) 6 50.4 (33.8-69.2) 4

Data shown as median with range in parentheses; n = number of nodules.
Abbreviations: AFTN, autonomous functional thyroid nodule; NFTN, nonfunctional thyroid nodule; VRP, volume reduction percentage.
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Discussion

Conservative estimates indicate that 100 000 to 150 000 
thyroidectomies are performed in the United States annually 
[35, 36]. An estimated 53 000 patients developed thyroid 
cancer in 2020 [37], indicating that most thyroidectomies 
are for benign disease [35]. It is well established that high-
volume thyroid surgeons have lower complication rates 
[36, 38]; however, 69% to 86% of the thyroidectomies in 
the United States are not performed by high-volume sur-
geons [39-41]. Risks include hypoparathyroidism, both 
transient (8.2%-39%) and persistent (0.7%-3%); severe 
hypocalcemia necessitating hospitalization (0.5%-12.5%); 
recurrent laryngeal nerve injury, both transient (3%-8%) 
and persistent (0.2%-6.6%); and hemorrhage (0.7%-
2.1%) [4, 42-47]. Up to 40% of patients also report tran-
sient minor symptoms, including voice change, dysphagia, 
or choking sensation postoperatively [42]. Conventional 
thyroidectomy and minimally invasive video–assisted 
thyroidectomy (MIVAT) both result in a permanent scar 
on the neck [9]. Clinicians tend to underestimate the nega-
tive perceptions that patients have regarding scarring and 
may not realize that most patients prefer a “scarless” ap-
proach [48]. This is especially true among non-White pa-
tients who can experience a significant decline in quality of 
life because of scar-related issues [48, 49].

When radioactive iodine ablation is used for AFTNs 
(toxic adenomas or toxic multinodular goiters), up to 40% 
of patients become hypothyroid within 5 to 8 years, and 
~21% have persistence or recurrence of hyperthyroidism 
[11-13]. Furthermore, a higher dose of radioactive iodine 
(131I) is typically needed to achieve a higher cure rate, es-
pecially in toxic multinodular goiters, and this results in 

a higher rate of hypothyroidism [50]. In a small subset of 
patients with AFTNs, administration of 131I may result in 
development of TSH-receptor antibodies and Graves-like 
hyperthyroidism [51]. A  trend toward increase in solid 
organ malignancies is also noted in hyperthyroid patients 
treated with radioactive iodine ablation [52].

Radiofrequency ablation offers a therapeutic approach 
that can mitigate some of the above-mentioned disadvan-
tages of surgical treatment or radioactive iodine ablation. The 
volume reduction achieved in our study (70.8%) is compar-
able to other studies published in the literature (50%-93.3%), 
with a similar low complication rate (reported to be 2.4%-
3.5% in larger studies), indicating that this is a viable treat-
ment modality in the United States [23-26, 53-70]. It is noted 
that centers with higher experience have greater volume re-
ductions [20, 21, 71, 72], although it is promising that our 
study compares favorably with the retrospective reviews from 
the Mayo Clinic and Columbia University, which are the only 
other studies that record the US experience [28, 29].

In keeping with previously published data, smaller 
nodules responded better to RFA, although there was no 
significant difference in the volume reduction percentage 
between NFTNs and AFTNs [73, 74]. The data indicates 
the response is on a continuum which precludes defining a 
size or volume beyond which RFA would not be effective. 
Large nodules may require more than one RFA session, al-
though most did respond after a single session with corres-
ponding symptomatic and cosmetic improvement, which 
is also in keeping with the experience of others [75]. The 
available data suggests that there is an advantage of per-
forming RFA sooner rather than later in case of symptom-
atic thyroid nodules for best results.

Table 3. Response of thyroid nodules to radiofrequency ablation (RFA)

Pre RFA n Post RFA n P value

All Nodules     
 Volume (mL) 8 (0.4-54.95) 47 1.89 (0.03-36.35) 47 < 0.0001
 Cosmetic score 4 (0-4) 47 2 (0-4) 45 < 0.0001
NFTNs      
 Volume (mL) 10.4 (1.96-31.3) 23 2.09 (0.57-30.2) 23 < 0.0001
 Cosmetic score 4 (3-4) 23 2 (0-4) 21 < 0.0001
 TSH (mIU/L) 1.3 (0.75-3.75) 13 1.3 (0.73-2.7) 13 0.23
 Free T4 (ng/dL) 0.97 (0.8-1.3) 11 0.89 (0.74-1.1) 11 0.02
 On levothyroxine, n 7 22 7 22 1
AFTNs      
 Volume (mL) 5.4 (0.4-54.95) 24 1.7 (0.03-36.35 24 0.0001
 Cosmetic score 3.5 (0-4) 24 1 (0-3) 24 < 0.0001
 TSH mIU/L 0.1 (0.01-0.32) 12 0.63 (0.01-1.2) 12 0.0015
 Free T4 (ng/dL) 1.15 (0.9-1.9) 12 0.9 (0.7-1.8) 12 0.01
 On methimazole, n 8 20 6 20 0.74

Data are shown as median with minimum and maximum values in parentheses; n = number of patients. Abbreviations: AFTN, autonomous functional thyroid 
nodule; NFTN, nonfunctional thyroid nodule; T4, thyroxine; TSH, thyroid-stimulating hormone. 
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We did not note any significant differences in volume 
reduction based on the composition (more solid vs more 
cystic) on ultrasonography, which is somewhat contrary to 
the findings from a multicenter study in Italy [57]. However, 
this may be because of low sample size and the somewhat 
nonuniform interpretation of ultrasound features across 
different studies.

In our study, more than 50% of patients became eu-
thyroid, in keeping with results from Italy and South 
Korea [27, 76-78], with significant improvement in thy-
roid function tests. RFA of AFTNs may be of value to pa-
tients who do not want to risk the hypothyroidism that 
may occur after surgery or radioactive iodine ablation—a 
reasonable success rate (~75%) is achieved in our study as 
well as in the literature [78, 79]. Of interest, the free T4 
decreased significantly in the NFTN group after RFA (al-
though remained within normal range), whereas the TSH 
did not significantly change. This could be either an early 
trend toward hypothyroidism after RFA, or a result of a 
smaller sample size. An increased risk of hypothyroidism 
secondary to RFA has not been demonstrated in previous 
studies. Long-term studies with larger samples would be 
needed to assess whether RFA can cause hypothyroidism 
in the long term.

Complication rates are also noted to be quite low com-
pared to surgery and are likely to be operator dependent 
[69]. Fortunately, there were no major complications in our 
study; however, this may be simply because of relatively 
low sample size. In addition, a small margin of normal thy-
roid tissue was preserved while ablating the nodules, which 
would have helped avoid complications, but conversely 
would result in lower volume reductions. The regrowth 
of thyroid nodules after ablation, resulting in the need for 
multiple procedures, remains a concern; however, no sig-
nificant regrowth was noted in our study. Two nodules (1 
NFTN and 1 AFTN) were noted to have a small increase 
in volume after previous decrease (Figs. 2 and 3); this may 
be attributed to either differences in measurements due to 
intra-operator variability, or regrowth. A longer follow-up 
period may give insight into the relative rates of regrowth 
and the factors associated with this.

RFA of thyroid nodules is a well-established practice in 
some countries, with clinical guidelines issued by academic 
societies in Korea, Italy, Austria, and the United Kingdom, 
as well the recent recommendations from the European 
Thyroid Association and Asian Conference on Tumor 
Ablation Task Force [31, 80-84]. In the United States, RFA 
is mentioned as a treatment option for benign symptom-
atic thyroid nodules in the 2016 American Association of 
Clinical Endocrinologists guidelines [85] but is only con-
sidered as second-line therapy for metastatic lymph nodes 
in patients who are not surgical candidates in the American 

Thyroid Association 2015 guidelines [2]. RFA can be per-
formed in the outpatient setting in the United States under 
local anesthesia with results similar to those in more experi-
enced international centers as demonstrated by our study.

Barriers to widespread availability of RFA of thyroid 
nodules in the United States include both a lack of aware-
ness regarding the procedure and a lack of trained oper-
ators to perform the procedure. An additional barrier is the 
cost of the procedure (currently without a CPT code and 
thus not reimbursed by insurance) which often needs to be 
paid out-of-pocket by the patient. However, the absolute 
cost of the procedure (average US cost: $3500-$6000) is 
favorable when compared with surgery (estimated national 
average: ~$19  500), which has the additional burden of 
possible lifelong thyroid hormone replacement and moni-
toring, along with perioperative risks and complications 
[86]. In our study, ~65% of patients paid out-of-pocket for 
their procedure, whereas the rest were able to get a varying 
amount reimbursed by their insurance company. The main 
motivating factors for patients choosing RFA over surgery 
despite the cost included avoiding a surgical scar and thy-
roid hormone replacement therapy.

To safely perform the procedure, appropriate training 
programs need to be established in the United States 
where skills can be practiced under the supervision of ex-
perts. Prerequisites to learning how to perform this pro-
cedure include a thorough understanding of the anatomy 
of the neck, ability to perform and interpret neck ultra-
sonography, and adequate skill in performing fine needle 
aspiration of the thyroid using the parallel technique. 
As with other procedural skills, RFA also has a steep 
learning curve. Physicians who routinely treat thyroid 
disease, perform diagnostic ultrasound imaging them-
selves, and routinely do fine needle aspiration biopsies of 
neck lesions are ideally placed to add this procedure to 
the list of treatment options they can offer. More aware-
ness regarding thermal ablation techniques and their use 
in thyroid nodular disease will ultimately lead to greater 
access and decreased costs for patients. As the procedure 
becomes more widespread and more data become avail-
able, it will become easier to compare long-term out-
comes of RFA and surgery to determine which approach 
may be better.

Conclusion

Our study demonstrates that outpatient RFA is a safe and 
effective treatment for NFTNs and AFTNs in a US popu-
lation sample, with smaller nodules responding better. 
Advantages of RFA include no surgical scars or general 
anesthesia, low complication rates, and avoiding lifelong 
thyroid hormone replacement.
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We propose that RFA by skilled operators be considered 
a viable therapy for the treatment of thyroid nodules in 
the United States and recognize the need for further studies 
with long-term follow-up [74].
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