
1332 Copyright © 2015 The Korean Society of Radiology

INTRODUCTION

The majority of studies on ultrasound (US)-guided 
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Objective: To compare single-session radiofrequency ablation (RFA) and ethanol ablation (EA) for treating predominantly 
cystic thyroid nodules (PCTNs).
Materials and Methods: This single-blind, randomized trial was approved by the Institutional Review Board of two centers 
and informed consent was obtained from all patients before enrollment. Fifty patients with a single PCTN (cystic portion 
less than 90% and greater than 50%) were randomly assigned to be treated by either RFA (25 patients) or EA (25 patients) 
at two hospitals. The primary outcome was the tumor volume reduction ratio (%) at the six-month follow-up and the 
superiority margin was set at 13% (RFA minus EA). Analysis was performed primarily in an intention-to-treat manner. The 
secondary outcomes were the therapeutic success rate, improvement of symptomatic and cosmetic problems, and the 
number of major complications.
Results: The mean volume reduction was 87.5 ± 11.5% for RFA (n = 22) and 82.4 ± 28.6% for EA (n = 24) (p = 0.710; mean 
difference [95% confidence interval], 5.1% [-8.0 to 18.2]), indicating no significant difference. Regarding the secondary 
outcomes, therapeutic success (p = 0.490), mean symptom (p = 0.205) and cosmetic scores (p = 0.710) showed no 
difference. There were no major complications in either group (p > 0.99).
Conclusion: The therapeutic efficacy of RFA is not superior to that of EA; therefore, EA might be preferable as the first-line 
treatment for PCTNs.
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ethanol ablation (EA) and radiofrequency ablation (RFA) 
for thyroid nodules have reported their efficacy according 
to the proportion of the solid component of these nodules 
(i.e., either cystic [cystic portion > 90%], predominantly 
cystic [cystic portion, > 50% and < 90%], or solid [cystic 
portion < 50%]) (1-3). For cystic thyroid nodules, EA has 
been suggested as a first-line treatment option in review 
articles as well as in prospective and retrospective studies 
(4-7). A retrospective comparison study of EA with RFA 
demonstrated that the two modalities showed similar 
efficacy, but the number of treatment sessions was fewer for 
EA (1.2 vs. 1.7; p < 0.03) (8). A recent randomized clinical 
trial comparing EA and RFA for cystic nodules confirmed 
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Pre-Enrollment Procedures and Assessment
All US and US-guided biopsies in addition to the 

laboratory and clinical results were evaluated prior to 
ablation. Two radiologists (with 17 and 12 years of 
thyroid US experience, respectively) performed US and 
US-guided fine needle aspitation using a 10-MHz linear 
probe and a real-time US system (Aplio SSA-770A; Toshiba 
Medical Systems, Otawara, Japan). Core needle biopsy was 
performed using the solid component of the PCTNs (17). 
Benign cytological results were determined according to the 
Bethesda classification system (18).

Before treatment, patients were asked to rate their 
symptoms on a 10-cm visual analog scale (scale, 0–10), and 
the physician recorded the cosmetic score as follows (1, no 
palpable mass; 2, no cosmetic problem but a palpable mass; 
3, cosmetic problem on swallowing only; and 4, readily 
detected cosmetic problem at all times) (1, 19). Vascularity 
was graded into four categories (grade 0, no intranodular 
vascularity; grade 1, perinodular vascularity only; grade 
2, intranodular vascularity < 50%; grade 3, intranodular 
vascularity > 50%) (1).

Ablation Procedures
Both RFA and EA were performed in an outpatient setting. 

Before the treatment, the three orthogonal diameters of 
each nodule that were measured were the largest diameter 
and two mutually perpendicular diameters. The volume of 
each nodule was calculated using the equation volume = π 
abc / 6, where a is the largest diameter, and b and c are the 
other mutually perpendicular diameters (19). We carefully 
evaluated the vessels located along the approach route and 
injected 2% lidocaine at the site of skin puncture. After 
puncturing the skin, target nodules were approached using 
the trans-isthmic approach method that involves insertion 
of the electrode or needle into the short axis of the nodule 
from the isthmus to the targeting nodules (19, 20). 

Radiofrequency Ablation
Radiofrequency ablation was performed by two 

experienced thyroid radiologists. An 18-gauge monopolar 
modified internally cooled electrode (VIVA, STARmed, 
Goyang, Korea) with a 1-cm active tip was used together 
with a radiofrequency generator (VIVA RF generator, 
STARmed, Goyang, Korea) and a peristaltic pump (VIVA 
pump, STARmed, Goyang, Korea). The pump continuously 
infused 0°C saline solution into the lumen of the electrode 
to maintain the temperature of the electrode at less than 

the results of previous retrospective studies (9). Therefore, 
EA rather than RFA can be a treatment of choice for cystic 
nodules.

With predominantly cystic thyroid nodules (PCTNs), RFA 
showed better volume reduction than EA (2, 10, 11). The 
volume reduction by RFA is 10–14% greater than by EA (i.e., 
an estimated mean volume reduction ratio of 80.0% for RFA, 
and 65.8–69.8% for EA) and EA shows a high recurrence 
rate (range from 26–33%) (12, 13). Recurrence after EA 
is mainly due to re-growing or bleeding from the vascular 
solid component in PCTNs (12). In the recurrent cases, RFA 
achieved excellent volume reduction (91–92%) (12, 13). In 
addition, Lim et al. (2) used RFA as a first-line modality to 
treat PCTNs, resulting in volume reductions of approximately 
80%. Although RFA appears to be superior to EA for treating 
PCTNs in existing retrospective studies, the best treatment 
modality for PCTNs is still unclear because there does not 
appear to have been any study comparing the capabilities of 
the two modalities. To establish the best treatment modality 
for treating PCTNs, clinical trial is necessary.

Therefore, the purpose of this study was to compare 
single-session RFA and EA for treating PCTNs, primarily 
focusing on tumor volume reduction.

 

MATERIALS AND METHODS

Study Design
This study was a single-blind (i.e., outcome assessor 

blinded) randomized trial. The Institutional Review Board of 
Asan Medical Center and Daerim St. Mary’s Hospital approved 
this study. From February 2013 to May 2013, patients who 
met the eligibility criteria and provided written informed 
consent were randomly assigned to undergo either EA or 
RFA at a 1:1 ratio using simple randomization.

The eligibility criteria for inclusion in the study were: 1) 
patients with PCTN (proportion of cystic component, less 
than 90% and greater than 50% of the nodule); 2) reports 
of pressure symptoms or cosmetic problems caused by 
thyroid nodules; 3) benign cytological confirmation in at 
least two separate US-guided, fine-needle aspiration or core 
needle biopsies (14); and 4) normal serum levels of thyroid 
hormone, thyrotropin, and calcitonin. The exclusion criteria 
were: 1) nodules showing malignant features (i.e., taller 
than wide, spiculated margin, markedly hypoechoic, micro- 
or macrocalcification) on US (15, 16); 2) lack of informed 
consent; 3) younger than 20 years of age; and 4) pregnant 
woman (9).



1334

Baek et al.

Korean J Radiol 16(6), Nov/Dec 2015 kjronline.org

20°C (20). As much of the internal fluid as possible was 
aspirated before starting the RFA (9). 

Previous studies have proposed the moving shot 
technique for thyroid RFA (9, 21, 22). Before RFA, we 
removed as much cystic fluid in the nodule as possible. We 
then divided the thyroid nodules into multiple conceptual 
ablation units and performed RFA sequentially on each unit 
by moving the electrode tip. These conceptual ablation 
units were smaller in the periphery of the nodule and larger 
in the central safe portion. Initially, the electrode tip was 
positioned in the deepest, most remote conceptual unit of 
the nodule to enable easy monitoring of the electrode tip 
without disturbance from the transient hyperechoic zone. 
The electrode was moved within the thyroid mass by tilting 
it upward or downward and carefully monitoring critical 
structures around the thyroid gland (23). When ablation 
in the peripheral unit was finished, the electrode was 
moved backward and in the superficial direction. Ablation 
was begun with 40 watts of RF power. If a transient 
hyperechoic zone did not form at the electrode tip within 
several seconds, the RF power was increased in 10-watt 
increments up to 80-watts. If the patient did not tolerate 
pain during the ablation, the RF power was reduced or local 
anesthesia was injected around the thyroid gland. Ablation 
was terminated when all units had changed to transient 
hyperechoic zones (14). 

To assess safety, any possible complications both during 
and immediately after the procedure were evaluated (12). 
Procedure-related pain was graded into four categories 
(grade 0, RF power did not have to be turned off because 
the patient experienced no pain; grade 1, RF power was 
turned off once or twice to reduce pain levels; grade 2, RF 
power was turned off more than three times; and grade 
3, RF procedure was incompletely terminated due to the 
patient’s severe pain) (9). After RFA, each patient was 
observed for 1–2 hours while still in the hospital.

Ethanol Ablation
Ethanol ablation was also performed by two experienced 

thyroid radiologists. EA was performed as has been 
described previously (1, 8). Briefly, a 16-gauge aspiration 
needle was inserted into the nodule through an isthmic 
area. After the needle tip was placed into the cystic 
portion, the internal fluid was aspirated to the maximum 
extent possible (24), followed by slow injection of 99% 
ethanol into the cystic space. If the cyst contents were 
viscous, the viscous fluid was aspirated followed by normal 

saline irrigation to remove any viscous material, after which 
ethanol was slowly injected into the cystic cavity (with care 
taken to avoid the solid portion). The volume of ethanol 
injected usually corresponded to about 50% of the aspirated 
volume (9). After two minutes of ethanol retention with the 
needle in place (1, 9), the injected ethanol was completely 
removed and the needle was withdrawn. Ethanol was not 
injected into the solid component.

In order to assess the safety of this method, we checked 
for any complications during and immediately after the 
procedure. Procedure-related pain was graded into four 
categories (grade 0, no pain or mild pain similar to pain 
experienced during the lidocaine injection; grade 1, pain 
greater than that of the lidocaine injection, but not 
requiring medication; grade 2, pain requiring medication; 
and grade 3, procedure terminated prior to completion owing 
to severe pain) (1, 9). Following the procedure, each patient 
was observed for 30 minutes while still in the hospital (9).

Follow-Up and Outcome Assessment
Outcomes were assessed by two experienced radiologists 

(thyroid US experience of 6 years and 15 years) other 
than the operators who were blind to the treatment 
group allocation and study design. US examination 
was performed in all patients at the time of the 1- and 
6-month follow-up examinations. Upon US examination, 
the changes in the volume of the nodules were evaluated. 
The volume, therapeutic success rate and the improvement 
of symptomatic and cosmetic problems were checked. Any 
adverse events that occurred during the 6-month follow-up 
period were checked.

Statistical Analysis
Sample size was calculated as follows. The clinically 

relevant difference in the primary outcome for this study 
was set at 13% in accordance with previous reports (2, 10, 
11, 25). This corresponds to an estimated mean volume 
reduction ratio of 80.0% and 67.0% (65.8–69.8%) for the 
RFA and EA groups, respectively. The US measurement-
remeasurement variability according to the results of 
previous studies was 5.1–6.6% (26-28) and the relevant 
difference in the primary outcome was therefore set at 13%, 
double the value of 6.6%. The estimated standard deviation 
was set as 15% in both groups, also for consistency with 
previous studies (2, 25). Given a type 1 error of 0.05 (two-
sided), power of 80%, 1:1 allocation for each group, and an 
expected study dropout rate of 10%, a total of 50 patients 



1335

RFA versus EA for Predominantly Cystic Thyroid Nodule

Korean J Radiol 16(6), Nov/Dec 2015kjronline.org

(25 for each group) were deemed to be required.
Statistical comparison between the two groups was 

performed using the chi-square test for gender, the Wilcoxon 
rank sum test for continuous outcomes and Fisher’s exact 
test for binary outcomes. A two-sided p value less than 
0.05 was considered to indicate a statistically significant 
difference. Data analysis was performed primarily in an 
intention-to-treat manner, and per-protocol analysis is 
provided supplementarily. Statistical analysis was performed 
using SPSS for Windows, version 17.0 (SPSS Inc., Chicago, 
IL, USA).

Study Outcomes
The primary outcome of this study was the quantitative 

volume reduction ratio of a thyroid nodule at six months. 
The secondary outcomes for the clinical outcomes included 
a binary therapeutic success rate (the proportion of patients 
who showed volume reduction > 50%) (1), improvement 
of symptomatic and cosmetic scores, and the number of 
major complications (1, 9, 12). Recurrence was defined 
as treatment of a lesion that failed to achieve therapeutic 
success after EA. Major complications were defined 
according to the definitions of the Society of Interventional 
Radiology (29).

RESULTS 

Patients
The flowchart in Figure 1 indicates the processes used 

for enrollment, randomization, and follow-up in this study. 
From February 2013 to May 2013, 54 patients with a single 
PCTN were identified as eligible for inclusion. Of these 
54 patients, 4 patients declined to participate and the 
remaining 50 patients were randomly assigned to undergo 
either RFA (25 patients; mean age, 47.6 years; M:F = 4:21; 
mean age for women, 45.1 years; and for men, 50.0 years) 
or EA (25 patients; mean age, 50.8 years; M:F = 7:18; mean 
age for women, 53.3 years; and for men, 44.1 years). Only 
one patient in the RFA group did not meet the requirements 
of the study protocol. This patient was enrolled as a 
member of the EA group, and was included in the intention-
to-treat analysis but excluded from the per-protocol 
analysis. One patient in the EA group and three patients 
in the RFA group were lost to follow-up after receiving the 
allocated procedures. Consequently, while 24 patients in the 
EA group and 22 patients in the RFA group were included in 
the intention-to-treat analysis, 25 patients in the EA group 
and 21 patients in the RFA group were included in the per-
protocol analysis.

Regarding the treatment characteristics, the mean time 
of RFA was 218.4 ± 71.8 seconds (range, 120–450 seconds) 
and the mean RF power used was 57.4 ± 11.0 watts (range, 
40–80 watts). The mean energy applied was 12482.2 ± 
4308.4 joules (range, 6000–22500 Joule) and the mean 
energy per mL of nodule volume was 2302.7 ± 1358.7 
joule/mL (range, 225–6125 joule/mL). The retention time 
of ethanol was 2 minutes in all cases.

Table 1 lists the demographic characteristics of the two 

54 patients were eligible

50 underwent randomization

4 were excluded
4 declined to participate

25 were assigned to radiofrequency ablation25 were assigned to ethanol ablation

25 received allocated intervention
0 did not receive allocated intervention

1 were lost to follow-up
25 were assessed for primary outcome

24 received allocated intervention
1 did not receive allocated intervention

3 were lost to follow-up
21 were assessed for primary outcome

Fig. 1. Flowchart of patient enrollment process.
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study groups. The demographic data showed no differences 
between these groups but the average tumor diameter 
and volume were both significantly larger in the EA group. 
The symptom score was also greater for members of the 
EA group. Intra-nodular vascularity (vascularity grade 3) 
showed no significant difference in the RFA and EA groups 
(4/24 vs. 3/22, p > 0.99).

Outcomes
The clinical outcomes of the two groups at 6 months 

were analyzed in an intention-to-treat manner (Table 2). 
Regarding the primary outcome, the mean volume reduction 
of the RFA group was 87.5 ± 11.5%, and that of the EA 
group was 82.4 ± 28.6%, for a mean difference of 5.1% (95% 
confidence interval, -8.0 to 18.1) (p = 0.710). 

Regarding the secondary outcomes, the therapeutic 
success rate was higher for the RFA group than for the EA 
group; however, this was not statistically significant (100% 
vs. 91.7%, p > 0.99). Although the difference in the levels 
of therapeutic success was not statistically significant, 
two patients in the EA group failed to achieve therapeutic 
success. For both patients, the treated nodules grew during 
the follow-up period owing to internal bleeding from intra-
nodular vessels. Both patients showed evidence of intra-
nodular vascularity before treatment. One of these cases 

who showed increased nodule volume during follow-up was 
managed effectively using RFA. There was no significant 
difference between the EA and RFA groups in either mean 
symptoms (p = 0.280) or cosmetic scores (p = 0.901).

The outcomes of the two groups according to the protocol 
employed are summarized in Table 3. The mean volume 
reduction was 87.1 ± 11.6% in the RFA group and 83.1 
± 28.7% in the EA group, for a mean difference of 4.0% 
(95% CI, -9.1 to 17.4) (p = 0.904). The mean symptom 
and cosmetic scores, therapeutic success rate and major 
complications were not significantly different between the 
two groups.

One patient complained of a voice change immediately 
after EA but the issue was completely resolved by the 
2-month follow-up without treatment. During and after the 
procedure, the degree of pain was grade 0 in all patients in 
the EA group and grade 0 (n = 9), grade 1 (n = 8), or grade 
2 (n = 5) in members of the RFA group. Although there were 
no significant differences in major complications (p > 0.99), 
members of the RFA group revealed a greater tendency to 
experience pain.

DISCUSSION

Our current study is the first study comparing the 

Table 1. Demographic Characteristics of Study
Characteristic Radiofrequency Ablation (n = 22) Ethanol Ablation (n = 24) P

Gender (male:female) 3:19 6:18 0.464
Age (yr) 49.8 ± 13.5 (24–76) 50.8 ± 15.2 (23–82) 0.819
Nodule diameter (cm) 3.0 ± 1.0 (2.0–5.6) 3.6 ± 1.1 (1.7–6.2) 0.032
Nodule volume (mL) 8.6 ± 9.4 (1.7–48.1) 14.7 ± 13.7 (1.8–60.4) 0.037
Symptom score 2.9 ± 1.8 (0–8) 4.0 ± 1.7 (1–8) 0.02
Cosmetic score 3.8 ± 0.4 (3–4) 3.8 ± 0.4 (3–4) 0.823
Intra-nodular vascularity* 3/22 4/24 > 0.99
Cost (USD)† 1590 450

Except for numbers of men and women, values are means ± standard deviations, with ranges indicated in parentheses. *Intra-nodular 
vascularity: vascularity grade 3, †Average cost of enrolled two institutions

Table 2. Outcomes of RFA and EA Groups at 6 Months after Treatment According to Intention-to-Treat Analysis
Outcome Radiofrequency Ablation (n = 22) Ethanol Ablation (n = 24) P

Primary outcome
Volume reduction (%) 87.5 ± 11.5 (63.1–99.5) 82.4 ± 28.6 (-35.7–99.2) 0.710

Secondary outcomes
Symptom score 0.2 ± 0.4 (0–1) 0.7 ± 1.3 (0–6) 0.205
Cosmetic score 1.5 ± 0.5 (1–2) 1.7 ± 1.0 (1–4) 0.710
Therapeutic success (%) 100 (22/22) 91.7 (22/24) 0.490
Major complications 0/22 1/24 > 0.99

Values are means ± standard deviations (with ranges), except for major complications. EA = ethanol ablation, RFA = radiofrequency 
ablation
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efficacy and safety of RFA and EA for PCTNs. This study 
demonstrated that both single-session RFA and EA ensure 
the effective and safe treatment of PCTNs. Regarding the 
primary outcome, the mean volume reduction achieved 
using RFA was not superior to that using EA. Although 
previous retrospective studies showed superior volume 
reduction with RFA than with EA (2, 10, 11), the results of 
the current study could change the best treatment modality 
for treating PCTNs from RFA to EA. In addition, there were 
no significant differences between these two ablation 
approaches in terms of the secondary outcomes tested. 
Hence, EA might be used as a first-line treatment modality 
for PCTNs, given that it is a simpler and less expensive 
procedure. The results of this randomized controlled trial 
will be helpful for the development of future guidelines.

Non-surgical treatments for thyroid nodules have been 
introduced over the past 20 years (6, 7, 30). Recent large-
population studies on RFA, laser ablation and EA were 
reported for nonfunctioning benign nodules (2, 7, 31, 
32), hyperfunctioning nodules (33) and recurrent thyroid 
cancers (34, 35). Regarding the treatment efficacy, the 
proportion of solid component has been suggested as an 
important factor in volume reduction (1, 2, 36). Therefore, 
in order to select the treatment modality, thyroid nodules 
were divided into three types according to their solid 
component (36). Regarding the treatment of cystic thyroid 
nodules, the findings of both a retrospective study (8) and 
a randomized clinical trial (9) suggested that EA might 
be the optimal treatment modality. The results of RFA and 
EA for PCTNs are different from those for cystic nodules. 
Previous retrospective studies reported that RFA resulted 
in better volume reduction than EA for treating PCTNs (2, 
10, 11, 25). Consequently, RFA was regarded as the first-
line treatment option for PCTNs before the current study. 
However, the results of the current study did not indicate 
RFA superiority in the treatment of PCTNs and could 

therefore change the treatment strategy of PCTNs from RFA 
to EA.

It was shown in an earlier report that recurrence after 
EA is frequent in thyroid nodules with a vascular solid 
component (3). The findings in that study indicated that 
venous washout of injected ethanol was frequently observed 
during EA of solid thyroid nodules with high vascularity, 
suggesting that the vascular solid component might be 
one of the causes of recurrence after EA. In contrast, intra-
nodular echo-staining is observed during EA when the 
nodule shows poor venous washout of the injected ethanol. 
Consequently, intra-nodular echo-staining is closely related 
to the success rate of EA. For these recurrent cases, RFA 
showed excellent results (37). Jang et al. (12) prospectively 
suggested that RFA is necessary for the treatment of PCTNs 
for which more than 20% of the solid component displays 
extensive intra-nodular vascularity. Lee et al. (13) also 
suggested that RFA is effective for managing patients 
with incompletely resolved cosmetic and/or symptomatic 
problems after EA. In our current study, EA achieved 50% 
(2/4) therapeutic success in PCTNs with intra-nodular 
vascularity. This indicates that while EA can completely 
collapse the cystic portion of a PCTN, it is less suitable for 
complete management of the vascular solid component, 
which can be a cause of recurrence. Although RFA failed 
to show superior efficacy compared to EA in our current 
study, the vascular solid component, which can be a source 
of recurrence after EA, was effectively managed by RFA. All 
three patients who had vascular solid components in the 
RFA group achieved therapeutic success. Further study is 
necessary to validate the efficacy of RFA and EA according 
to the solid component and vascularity.

Regarding procedural safety, although the EA and RFA 
showed no differences in our study in terms of major 
complications, one of our patients who underwent EA 
complained of a voice change immediately after the 

Table 3. Outcomes of RFA and EA Patient Groups at 6 Months after Treatments According to Per-Protocol Analysis

Outcome Radiofrequency Ablation (n = 21) Ethanol Ablation (n = 25) P

Primary outcome
Volume reduction (%) 87.1 ± 11.6 (63.1–99.5) 83.1 ± 28.7 (-35.7–99.2) 0.904

Secondary outcomes
Symptom score 0.2 ± 0.4 (0–1) 0.7 ± 1.3 (0–6) 0.280
Cosmetic score 1.5 ± 0.5 (1–2) 1.6 ± 0.9 (1–4) 0.901
Therapeutic success (%) 100 (21/21) 92 (23/25) 0.493
Major complications 0/21 1/25 > 0.99

Values are means ± standard deviations (with ranges), except for major complications. EA = ethanol ablation, RFA = radiofrequency 
ablation
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procedure. This issue was completely resolved at the 
2-month follow-up without treatment. Although voice 
change is a possible complication after EA, voice change 
after this procedure is very rare (1, 3, 9, 10, 25, 37). 
Leakage of ethanol outside the thyroid gland can cause 
voice changes owing to damage of the recurrent laryngeal 
nerve. In our current study, no patients complained of voice 
changes after RFA, although a previous large multicenter 
study reported that approximately 1% (15/1459) of patients 
had voice-related problems after RFA (38). Pain during and 
after EA and RFA was tolerable in all of our study patients. 
However, the degree of pain seemed to be somewhat 
greater for members of the RFA group than for those of 
the EA group. In addition, though we did not measure the 
procedure time, the procedure time for EA seemed shorter 
than for RFA. 

Our study had several limitations worth noting. The first 
was the relatively short follow-up period. Although both 
treatment modalities produced more than 80% volume 
reduction within 6 months, the remaining undertreated 
solid component of a PCTN can grow during a longer-term 
follow-up period (20). The second limitation was that one 
patient refused RFA, and thus needed to be enrolled in the 
EA group. Although this necessitated per-protocol analysis, 
the results were consistent with those of the intention-to-
treat analysis. The third limitation was the demographic 
differences between our two ablation groups. Although the 
EA group showed a larger initial diameter (and volume) 
and symptoms, the efficacy achieved was similar to that 
observed for the RFA group. The fourth limitation was that 
it was unfeasible for the patients to be kept unaware of the 
assigned treatment. However, outcomes were assessed by 
blinded assessors. The fifth limitation is the selection of the 
primary outcome from among volume reduction, remission 
rate of the cyst and patients’ symptoms. We used volume 
reduction as the primary outcome, but did not measure 
cystic and solid areas. We did not use the remission rate 
of the cystic portion, but we used the therapeutic success 
rate as a second outcome. Regarding the primary outcome 
of non-surgical treatment of cystic or PCTNs, the volume 
reduction ratio after treatment (1, 8, 9, 11) and cyst 
volume less than 1 mL (treatment success) (5) have been 
used. In a previous EA study (5), recurrence of the treated 
cyst was defined as cyst volume > 1 mL on US at the 
1-month evaluation and treatment was repeated. In other 
studies (1, 9, 12), treatment efficacy was measured by 
volume reduction. Therefore, the best medical/radiological 

parameter to confirm the treatment efficacy for fluid-
containing thyroid nodules is still debatable. Since nodule 
size is usually well-correlated with compressive symptoms 
(39), volume reduction is a reasonable primary outcome. 
Finally, we only compared RFA and EA. To verify the best 
non-surgical treatment modality for PCTNs, further studies 
should compare EA or RFA approaches with other thermal 
ablation modalities, such as laser ablation, microwave 
ablation, and high intensity focused US.

In conclusion, RFA and EA are not significantly different 
in terms of treatment efficacy and safety for treating PCTNs. 
Given that the therapeutic efficacy of RFA is not superior to 
that of EA, and that EA is simpler and less expensive than 
RFA, EA may be preferable as the first-line treatment option 
for PCTNs. The results of this randomized controlled trial 
will be helpful for the development of future guidelines.
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