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Background: Percutaneous radiofrequency thermal ablation (RFA) has been reported as an effective tool for the
management of benign thyroid nodules (BTN). However, large, randomized controlled trials (RCTs) are
lacking.

Objective: The aims of this study were to assess the volume reduction of BTN after a single RFA performed
using the moving-shot technique and to compare the volume reduction obtained in patients treated in two
centers with different experience of the moving-shot technique.

Method: This study was an international prospective RCT. It was carried out at the Mauriziano Hospital (Turin,
Italy) and the Asan Medical Center (Seoul, Korea). Eighty patients harboring solid, compressive, nonfunc-
tioning BTN (volume 10-20 mL) were enrolled. Twenty patients in each country were treated by RFA using a
18-Gauge internally cooled electrode (group A); 20 nontreated patients in each country were followed as
controls (group B).

Results: At six months, BTN volume significantly decreased in group A (15.1£3.1mL vs. 4.2+2.7mL;
p<0.0001), whereas it remained unchanged in group B (14.4+3.3mL vs. 15.2+3.5mL). The baseline volume
was larger in the Italian series (16.4+2.5mL vs. 13.9+3.3mL, p=0.009). However, at six months, there was
no significant difference between the Korean group and the Italian group (3.7£2.9mL vs. 5.5+2.2mL). Both
cosmetic and compressive symptoms significantly improved (3.6+0.5 vs. 1.7£0.4 and 3.6+ 1.9 vs. 0.4£0.7,
respectively; p<0.001). No side effects occurred.

Conclusions: RFA was effective in reducing the volume of BTN. The outcome was similar in centers with
different experience in the moving-shot technique.

Introduction

THYROID NODULES ARE VERY COMMON in the general
population, with a prevalence of about 50% in subjects
older than 60 years of age undergoing neck ultrasound (US)
examination (1). In the majority of cases, thyroid nodules are
benign, but they can be responsible for compression of local
structures, which can result in discomfort and a decreased
quality of life. Large compressive benign thyroid nodules
(BTN) may also result in life-threatening conditions, due to the
possible onset of acute respiratory crisis. Surgery and radio-
iodine therapy are the main therapeutic approaches for com-
pressive or toxic nodules (1-3). However, surgery is charged by
the possibility of immediate complications such as wound in-
fection and compressive hematomas (requiring re-intervention)

in 0.2-2.7% of cases, and by laryngeal recurrent nerve palsy and
hypoparathyroidism, which can either be transient (in 2-28% of
cases) or permanent (in 0.2-3% of cases) (4—7). Moreover, in
the case of surgery for recurrent goiter, the frequency of such
complications increases further (up to 37% for transient and
7.8%, for permanent damage) (4-7). In addition, a number of
patients with BTN with an indication for surgery refuse this
approach. In some of these cases, radioiodine therapy may be
ineffective, especially in large nonfunctioning nodules (8,9).
Minimally invasive therapeutic options have been pro-
posed to treat BTN when surgery or radioiodine is refused,
contraindicated, or ineffective (10). Percutaneous radio-
frequency ablation (RFA) is a minimally invasive procedure
that has been used to treat both malignant and benign tumor
nodules in many organs (11-15). RFA also represents a
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promising new approach for the management of BTN, as
shown in previous studies (16—18) that demonstrated the ef-
ficacy and safety of RFA in the treatment of large nodules
with local pressure symptoms (16,17). In a large series of
elderly subjects, a two-year follow-up showed that RFA is
highly effective in achieving long-term shrinkage of large
solid BTN, as well as in controlling compressive symptoms
(18). At the same time, some radiologists from Korea in-
vestigated the role of RFA in patients with BTN (19-22), but
only two studies evaluated the effectiveness of RFA in a
comparative setting (23,24). Baek et al. (23) performed RFA
using a single-hook 18-Gauge needle in 15 patients with
benign, nontoxic, predominantly solid nodules, and a six-
month follow-up highlighted that the observed nodule vol-
ume reduction was related to RFA activity rather than to
spontaneous shrinkage (23). In another comparative study,
Faggiano et al. confirmed the excellent results both in toxic
and nontoxic BTN, using a 14-Gauge needle with four ex-
pandable hooks (24).

The treatment technique proposed by Baek et al. differs
from that used in Europe, where the electrode is fixed in
position during treatment. Indeed, the Korean electrode,
which is thinner and shorter than the devices used in Europe,
is introduced through a transisthmic approach and moved
back and forth inside the nodule according to parallel layers
to ablate small conceptual tissue units in succession (23).
This approach is called the moving-shot technique.

A randomized controlled trial (RCT) was therefore carried
out involving two centers in two countries (Italy and Korea),
with the aim of evaluating the efficacy of RFA performed by
the moving-shot technique in BTN selected with the same
criteria, and to compare the outcomes achieved by two groups
of operators with a different level of experience with this
technique.

Materials and Methods
Study design

This study is an international RCT performed in two cen-
ters: the Daerim St Mary’s Hospital (Seoul, Korea) and the
Mauriziano Hospital (Turin, Italy). The study protocol was
approved by the Institutional Review Board of both hospitals.
From May 6, 2010, to September 8, 2012, 80 patients (40
patients from each country) who met the eligibility criteria
and gave written informed consent were randomly assigned
to one of two groups of 40 patients to undergo either obser-
vation or RFA, with a 1:1 ratio. The enrolled patients were
assigned to the group using a random allocation sequence as
follows: 40 patients (20 patients from each country) were
treated with a single RFA session, and 40 patients (20 patients
from each country) did not receive any treatment and were
only followed up as a control group. This protocol is similar to
that adopted in another recently published randomized study
in which laser thermal ablation was performed (25).

The inclusion criteria were as follows: (a) older than 18
years of age; (b) presence of a solid thyroid nodule (solid
portion >70%) with a volume between 10 and 20 mL; (c)
presence of pressure symptoms or cosmetic problems for
which all patients specifically requested treatment; (d) con-
firmation of benign findings in at least two separate US-
guided core needle or fine-needle aspiration (FNA) biopsies
(i.e., two biopsies performed with an interval of several
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months); and (e) normal serum levels of thyroid hormones,
thyrotropin (TSH), and calcitonin. The exclusion criteria
were (a) nodules showing US features suggestive of malig-
nancy (i.e., taller than wide, spiculated margin, markedly
hypoechoic, micro- or macrocalcifications), and (b) treat-
ments for the thyroid nodule in the six months prior to en-
rollment in this study.

Pretreatment assessment

US, US-guided biopsy, and laboratory and clinical results
were evaluated before treatment. In Korea, two investigators
(K.S.K. and J.Y.S., with 10 and 12 years’ experience re-
spectively in thyroid US) performed US and US-guided FNA
by using a 10 MHz linear probe and a real-time US system
(Aplio SSA-770A; Toshiba Medical Systems, Otawara-shi,
Japan).

In Italy, two investigators (A.M. and M.D., with 13 and 15
years’ experience respectively in thyroid US) performed US
and US-guided FNA by using a 7.5-12MHz linear probe
equipped with CD and PD modules (MyLab70XVG Esaote;
Biomedica, Genova, Italy).

On US examination carried out before the treatment, three
orthogonal diameters (i.e., the largest diameter and two other
mutually perpendicular diameters) of each nodule were
measured, and the volume of the nodules was calculated with
the following equation: V=0.524 X abc (where V'is volume, a
is the largest diameter, and b and c¢ are the other two per-
pendicular diameters) (17).

Serum concentrations of TSH, free thyroxine (fT4), thyro-
globulin, and calcitonin, as well as titers of antithyroglobulin
(TgAb) and antithyroperoxidase antibodies (TPOAb), were
measured at baseline.

The Bethesda reporting system was used for cytological
classification: patients with Bethesda Class II findings were
enrolled (26). Before treatment, the patients were asked to rate
their symptoms on a 10cm visual analog scale (scale 0-10),
and the investigator recorded a cosmetic score, as previously
reported (score 1, no palpable mass; score 2, no cosmetic
problem but a palpable mass; score 3, cosmetic problem only
on swallowing; and score 4, readily detected cosmetic prob-
lem) (23).

RFA procedures

RFA was performed with the patient in the supine position
and with mild neck extension. All procedures were per-
formed under US guidance. To prevent serious hemorrhage,
vessels located along the approach route were carefully
evaluated by using Doppler US. The puncture site was an-
esthetized with 2% lidocaine (in Korea) and 1% mepivacain
(in Italy), and the skin was not incised to prevent unnecessary
scar formation. The skin was punctured by using the tran-
sisthmic approach method, in which the electrode is inserted
through the short axis of the target nodule from the isthmus.
This method allows the electrode to pass through a sufficient
amount of thyroid parenchyma (23). This technical approach
has several advantages. It can prevent the needle or electrode
from moving when the patient is swallowing or talking during
ablation and can also prevent fluid leakage (i.e., injected
ethanol or ablated hot fluid of the cystic portion of thyroid
nodules) outside the thyroid gland. This approach also allows
continuous US monitoring of the nodule and the space
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TABLE 1. DEMOGRAPHIC DATA OF STUDY POPULATION

Korea Italy
RF Control RF Control p-Value*
Sex (M:F) 2:18 1:19 4:16 1:19 0.71
Mean age 39.5£9.6 (26-60) 52.2+£10.3 (35-71) 54.3%+13.3 (34-83) 62.5+12.7 (37-82)  0.05
Nodule largest 40105 (3.149) 2.8+0.3(2.2-3.2) 4.0x£04 (3.4-4.6) 3.9+0.5 (3.0-5.2) 0.95
diameter (cm)
Nodule volume (mL) 13.9+3.1 (10-19.7) 13.7+3.2 (10-19.8) 16.4+£3.4 (12.6-25.1) 15.0+£3.2 (9.4-20.2)  0.009
Symptom score 34109 (2-5) 3.1£0.8 (2-5) 4.0£2.7 (0-8) 3.9+£2.1 (0-7) 0.001
Cosmetic score 4.0+0 4.0+0 3.2+0.7 2-4) 2.8+0.7 (1-4) 0.001

Values are reported as mean tstandard deviation (SD). Range is reported in parentheses.

*Comparison between Korean and Italian RFA groups.

between the needle or the electrode tip to the expected lo-
cation of the recurrent laryngeal nerve, thus minimizing the
risks of injury to the nerve and/or to the esophagus. At the end
of the procedure, an ice pack was applied to the patient’s neck
with mild compression, and the patient underwent observa-
tion for about two hours.

Follow-up

The outcomes were assessed by investigators (J.Y.S. and
K.S.K. in Korea; F.R. and F.G. in Italy) who were blinded to
the group allocation. US examination was performed in order
to measure the nodule volume (and also the cystic area vol-
ume), and compressive and cosmetic scores were recorded in
both treated and untreated subjects at one month and six
months after enrollment. Moreover, serum concentrations of
TSH, fT4, thyroglobulin, and calcitonin, as well as the titers
of TgAb and TPOAD, were measured in both treated patients
and in controls at a six-month follow-up.

Study end points

The primary end points of the current study were (a) the
quantitative volume reduction ratio of BTN between control
(40 patients) and RFA (40 patients) at six months after the
procedure, and (b) the comparison of the volume reduction
ratio of the patients (20 vs. 20) of two centers after RFA. The
Korean center (the “more experienced group’ in this field)
had an experience of about 3000 cases of thyroid RFA; the
Italian center (the “‘less experienced group’ in this field) had a
significant experience in interventional US-guided therapies
(both PEI and RFA by other devices), and had previously
treated 50 cases of BTN with the moving-shot technique, after
an initial instruction given by a Korean radiologist (J.H.B.).

The secondary end points for the clinical outcomes in-
cluded the therapeutic success rate, in terms of improvement
in symptoms and cosmetic problems, and the number of
major complications.

Major and minor complications were defined according to
the recommendations of the Society of Interventional Radi-
ology (27).

Statistical analysis

Continuous variables describing patients and nodules were
expressed as median with interquartile range; direct com-
parisons were performed with a nonparametric test for un-
paired samples (Mann—Whitney U-test). Two-sided p-values
of <0.05 were considered statistically significant. Analysis
was performed using Analyse-it™ Software v3.76.5 (Leeds,
United Kingdom).

Sample size calculation for the study was performed as
follows. Considering a volume reduction of 35% significance
in the treated nodules in comparison with an expected max-
imum volume reduction of 5% in the control group, enrol-
ment of 40 patients for each group could guarantee statistical
power of more than 80%.

Thirteen percent was chosen as the clinically relevant
difference between the experienced and less experienced
group, according to previous data of US measurement—
remeasurement variability (the results of previous studies
were 5.1-6.6%, and relevant difference in the primary end-
point was set as 13%, which is double 6.6%) (28,29).

Results

Baseline characteristics of patients in group A and group B are
shown in Table 1. BTN volume, function, and US characteristics

TABLE 2. TREATMENT PARAMETERS OF RFA

Korea (n=20) Italy (n=20) p-Value
Mean ablation time (s) 435.8+142.4 819.5+225.9 0.0001
Mean RF power (Watt) 75.3+£104 49.7+4.7 0.0001
Total energy (Joule) 33,068.0%+13,800.5 40,364.7+£10,801.1 0.72
Energy/mL (J/mL) 2436.3+916.2 2521.7+803.6 0.84

Values are reported as mean £ SD. Significant values are shown in bold.

RFA, radiofrequency ablation.
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TABLE 3. COMPARISON OF CLINICAL CHARACTERISTICS
BETWEEN RFA AND CONTROL GROUPS AT SIX MONTHS

RFA Controls
Outcome (n=40) (n=40) p-Value
% Volume reduction [IQR] 71 [21] -3 [23] 0.0001
Symptom score 04x0.7 33x1.7 0.0001
Cosmetic score 1.7+£0.8 3.5+£0.7 0.0001
TSH (uIU/mL) 0.9+£0.8 1.0£0.9 0.190
fT4 (pg/mL) 10.8+£2.9 11.94+2.0 0.05
Thyroglobulin (ng/mL) 31.5£38 13.6+£22 0.02

Values are mean+ SD; volume reduction values are reported as
median.
IQR, interquartile range; TSH, thyrotropin; T4, free thyroxine.

did not significantly differ between the groups at baseline (Table
1). The F/M ratio was similar in the two countries, while the
group of patients from Korea was younger than the group of
patients treated in Italy (Table 1).

Hormonal evaluation

All the patients were euthyroid at baseline, and showed
normal calcitonin levels. After treatment, thyroid function, as
well as calcitonin levels, did not change. Thyroglobulin was
elevated at baseline, and decreased significantly after treat-
ment but did not normalize (Table 1). A minority of patients
in both countries (8/40) had elevated titers of thyroid auto-
antibodies (more than twice the minimum value adopted for
every laboratory), and the pattern did not change over time in
either the treated or the control group.

Treatment modality

The treatment protocol described above allowed us to
supply the same energy per milliliter of nodule volume in
both countries ( p=n.s.). However, the treatment method was
different: while in Korea the operators distributed more
power in a shorter time, in Italy the treatment was longer and
less powerful (Table 2).

In all patients, RFA was safe and well tolerated. No sig-
nificant side effects were observed, and no patient needed
hospitalization after treatment. Local anesthesia prevented
pain on needle insertion and electrode positioning. During the
procedure, all patients were asymptomatic, with the exception
of a mild sensation of heat in the neck, which did not require
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interrupting the treatment. After the procedure, no local ede-
ma, pain, or other adverse effects were detected (Table 2).

Nodule volume

After treatment, the BTN volume significantly decreased
in the treated patients as a whole (group A; 15.1+3.1 at
baseline, 8.3+2.9mL at 1 month, 4.2+2.7mL at 6 months;
p<0.0001), whereas it remained unchanged in group B (14.4+
3.3 mL at baseline, 14.8£3.5mL at 1 month, 15.2+3.5mL at
6 months; p=n.s.; Table 3).

When the results obtained in the Korean and the Italian
centers were compared, although the baseline nodule volume
was larger in the Italian series (p=0.009 vs. Korean), in both
countries shrinkage was important, and no significant dif-
ference in volume reduction was seen at either the one-month
or six-month evaluation (RFA group Korea 13.9+3.3 at
baseline, 7.0£2.6 mL at 1 month, 3.7+2.9 mL at 6 months;
RFA group Italy 16.4£2.5 at baseline, 9.9+2.7mL at 1
month, 5.5+2.2 mL at 6 months; p =n.s.). Thirty-eight out of
40 treated nodules showed shrinkage of >50%. Data and re-
sults in the different groups are shown in Table 4.

Symptom score and clinical evaluation

The symptom score progressively improved in the treated
patients both for compressive and for cosmetic symptoms. In
group A, the compressive score decreased from 3.6+ 1.9 at
baseline to 0.4+ 0.7 at the six-month evaluation ( p <0.0001),
and the cosmetic score decreased from 3.6 £0.5 at baseline to
1.7£0.84 at the six-month evaluation (p <0.0001). The re-
sults were similar in the treated groups in both Korea and
Italy. However, group B showed no change in the follow-up
period (Table 4).

Discussion

US-guided minimally invasive procedures represent an
alternative to surgery for the treatment of benign thyroid
nodules, which grow and become symptomatic due to com-
pressive symptoms. These treatments achieve the relief of
neck complaints in most cases, are less expensive than sur-
gery, preserve thyroid function, and can be performed on an
outpatient basis. The percutaneous ethanol injection is the
treatment of choice for thyroid cysts or predominantly cystic
nodules due to its efficacy and the scarcity of adverse effects
(30). Laser thermal ablation is a consolidated technique

TABLE 4. COMPARISON OF TREATMENT OUTCOMES S1X MONTHS FOLLOWING RFA BETWEEN KOREA AND ITALY

Outcomes Korea (n=20) Italy (n=20) p-Value Difference* [CI]
Primary end point

% Volume reduction [IQR] 77 [25] 66 [24] 0.07 6.23 [—3.67 to 16.13]
Secondary end points

Symptom score 0.4+0.6 0.6+1.18 0.529

Cosmetic score 2.05+0.75 1.4£0.9 0.429

Therapeutic success (%) 90 100

Major complications None None >0.99

Values of secondary end points are expressed as mean=tSD. Therapeutic success is considered as an improvement in symptoms and

cosmetic problems.
*Comparison of RF ablation groups between Korea and Italy.
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proposed for treating solid BTN. Laser ablation induces a 40—
60% decrease in the size of BTN over a six-month period and
is long lasting (31-34). Laser ablation is minimally invasive.
Indeed, 21-Gauge needles are used to insert the fiber into the
nodule, but more than one session and/or the insertion of
multiple optic fibers may be required for treating large BTN.
RCTs carried out in homogeneous groups of patients have
provided strong evidence of efficacy of laser thermal ablation
and of a rather close relationship between the delivered en-
ergy dose and the extent of shrinkage (10).

RFA has been used since 2005 to treat compressive thyroid
nodules, mostly in Korea and in Italy (16-24). The published
data show good results in both countries, but with differences
in patient selection and devices. In Italy, the authors, working
with Dr. Spiezia’s group, initially treated patients using a 14-
Gauge needle with four or nine expandable hooks for the
treatment of large solid or predominantly solid nodules
(cystic component <30%), both toxic and nontoxic (16—
18,24). In Korea, Baek et al., as well as other thyroid radi-
ologists, used an 18-Gauge internally cooled single needle to
treat nodules that were smaller and had a greater cystic
component than those treated in the Italian published series
(19-23).

Until now, some prospective studies aimed at assessing the
efficacy of RFA in cold and hyperfunctioning nodules have
been published (19,21-24), but RCTs are lacking. The
present study is the first international RCT aimed at evalu-
ating the efficacy and safety of RFA in the treatment of be-
nign medium-sized thyroid nodules responsible for moderate
compressive or cosmetic discomfort, for which the patients
requested treatment. To assess these two points, the less in-
vasive 18-Gauge needle was used to perform only one session
of treatment, in order to investigate a homogeneous series of
solid nodules, thus avoiding the bias related to the cystic
component. A further important issue was to assess the effi-
cacy of RFA performed by groups of operators from different
countries with different experience levels in the moving-shot
technique.

The main finding of this study was that patients treated by
RFA experienced a significant decrease in BTN volume, as
demonstrated by US, and a rapid relief of compressive
symptoms when compared to untreated subjects. It cannot
be excluded that the patient’s evaluation of compressive
symptoms after RFA could have been influenced by the
awareness of having received a treatment aimed at reducing
their discomfort, and that this could have generated a bias.
However, the possibility of such bias is common to all studies
in which invasive approaches, including surgery, are per-
formed on humans, and where a comparison with a ‘‘sham
operation’” cannot be made. Furthermore, the cosmetic score
(as well US report), which, unlike the compressive score, was
evaluated by operators who were blinded to the patients’
group allocation, also showed a significant improvement af-
ter RFA. The results in terms of volume reduction were im-
pressive in the treated group, both in Italy and Korea, with a
slightly greater efficacy in the latter group where experience
in the moving-shot technique is consolidated, but without a
significant difference between the two countries. Further
analysis of the data showed that a more intense and shorter
treatment applied in Korea can obtain a quicker shrinkage
than a less powerful and longer treatment session, as applied
in Italy, but the long-term results were similar in both series.
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It can be speculated that the main factor responsible for long-
term shrinkage is the delivered energy/mL of the treated
tissue, which was not significantly different in the two series,
while the time of treatment and the RFA power are not
crucial.

With regard to the possible differences in the efficacy
between radiofrequency and laser thermal ablation, they
cannot be inferred from the present data. However, if the
results obtained here are compared with those reported by
Papini et al. in which patients with nodules of a compa-
rable volume were treated by laser ablation, a greater
efficacy of RFA can be argued for, compared with laser
ablation in the treatment of 10-20 mL solid nodules (25).
Indeed, in the present series, the mean volume reduction
at six-month follow-up was 71+21%, and almost all
nodules (38/40) showed shrinkage of >50%, while in the
series by Papini et al., the mean reduction at the same
follow-up time was 49+22%, and the volume reduction
was >50% in only 67.3% of cases. However, it must be
emphasized that in the long-term follow-up, a further
reduction of up to 57+25% was reported in the trial by
Papini et al. (25). Ha et al. recently attempted to compare
the relative efficacy of laser and radiofrequency ablation
in the treatment of BTN. The results of their analysis,
based on literature data, gave evidence for a greater ef-
ficacy of radiofrequency than laser ablation (35). How-
ever, only comparative studies specifically investigating
this issue will allow a definitive answer to be given to this
question.

In conclusion, the results of this RCT demonstrate in an
unequivocal manner that RFA, when performed in experi-
enced centers, is a rapid, inexpensive, and safe method for
inducing a clinically significant nodule volume reduction.
Thus, RFA represents a valid approach in patients with BTN
who are not candidates, who refuse, or who failed to be cured
by conventional treatments, and it can be considered a safe and
effective therapeutic option together with laser ablation. Lar-
ger clinical trials are needed to assess the risk of nodule re-
growth, the frequency of nonresponders, the optimal number
of sessions needed to achieve better shrinkage according to the
index nodule volume, the optimal treatment modality, and the
duration of shrinkage in long-term follow-up. Furthermore,
new trials should evaluate the benefit of RFA, as an alternative
to surgery, in very large nodules, which are responsible for
important compressive symptoms.
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