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Abstract

Objective: Radiofrequency ablation (RFA) is increasingly considered the prime option for
treating symptomatic, benign, non-functioning thyroid nodules (NFTN). However, little is
known about the degree of operator experience required to achieve optimal results. This
study describes the RFA learning curve of a single-center team.

Methods: A retrospective cohort study of the first 103 patients receiving RFA treatment
for a single, symptomatic, and benign NFTN, with a follow-up of at least 1 year. The
primary outcome measure was technique efficacy, defined as the percentage of patients
with a 6-month nodal volume reduction ratio (VRR) >50% after single-session RFA.
Optimal treatment efficacy was defined as a 6-month VRR >50% achieved in at least 75%
of patients. Secondary outcomes were complications of RFA and indications of secondary
interventions.

Results: Median nodal volume at baseline was 12.0 mL (range 2.0-58.0 mL). A 6-month
VRR >50% was achieved in 45% of the first 20 patients, 75% of the next 20, and 79%

of the following 63 patients. Complications included minor bleeding (N = 4), transient
hyperthyroidism (N = 4), and transient loss of voice (N = 1). Poor volume reduction or
nodular regrowth led to diagnostic lobectomy in 11 patients and a second RFA in 5.
Lobectomy revealed a follicular carcinoma (T2NOMO) in 2 patients. In 1 patient, nodule
regrowth was caused by an intranodular solitary B-cell ymphoma.

Conclusion: About 40 procedures are required to achieve a 6-month VRR >50% in the
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majority of patients. Appropriate follow-up with re-evaluation is recommended for all
patients with a VRR <50% and in those with regrowth to exclude underlying malignancy.
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Introduction

About 10% of the population has abenign non-functioning
thyroid nodule (NFTN) of 1 cm or larger (1), and 4-7%
of these nodules are symptomatic (2, 3, 4). Unilateral
lobectomy and volume reduction by radioiodine (RAI)
have long been the only treatment options available for
this condition. However, lobectomy is associated with
post-operative hypothyroidism in 25% of patients (5),

laryngeal nerve lesions in 0-1.1% (6), and hematomas in
0.7-1.5% (7). Volume reduction by RAI is rarely performed
for solitary NFIN. It is mainly used in patients with
multinodular goiter (MNG), where it may induce volume
reductions of up to 40% after 1 year, but at the cost of long-
term risk of hypothyroidism of up to 60% (8, 9). Given
these side effects, many patients and doctors choose a wait-
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and-see policy and delay any intervention until symptoms
have increased to the extent that they severely affect daily
quality of life.

In 2006, ultrasound (US)-guided radiofrequency
ablation (RFA) was introduced as a new treatment option
for NFTN (10). It is based on heat-induced cell death caused
by thermal energy delivered through the active tip of an
electrode positioned in the thyroid nodule. The most
commonly used procedure is the moving shot technique
introduced by Baek et al., where multiple small ablation
zones are created by moving the electrode tip through
the node (11, 12). Studies performed in South Korea, Italy,
China, and Austria, comprising over 1150 patients, report
nodal volume reductions varying from 46 to 94%, with
significant symptom reduction and improved cosmetic
scores (13, 14). Reported adverse effects are minor and
include pain (5%), hematoma (1%), transient voice change
(1%), and transient hyperthyroidism (<1%) (10, 15). Severe
adverse effects such as persistent laryngeal nerve injury
and brachial plexus injury have been described but are
extremely rare. Because of these observations and the very
high benefit-risk ratio, RFA is emerging as an attractive
third option for treating NFTN, and many centers now
increasingly consider offering this treatment. A guideline
for thyroid RFA was published in 2018 by the Korean
Society of Thyroid radiology and in 2020 by the European
Thyroid Association (16).

Up to now, efficacy and safety results have mainly been
published by centers with extensive experience in thyroid
RFA. Little is known about the learning curve required
to obtain these results or of the clinical problems and
diagnostic uncertainties encountered during the start-up
of RFA treatment. Although it has been suggested that
about 50 procedures are needed to achieve a stable level of
technique efficacy, the evidence and the number of studies
discussing this subject are still limited, and most studies
addressed it only briefly (17, 18, 19). The present study aims
to extend the knowledge about the learning curve and
reports and compares our initial experience with thyroid
RFA with the available literature.

Patients and methods

This is a retrospective cohort study of the first 103
patients with symptomatic, benign,
predominantly solid NFIN receiving RFA treatment in
a teaching hospital (Rijnstate hospital, Arnhem, The
Netherlands). Patients were included for treatment if
they met the following inclusion criteria: (1) subjective
symptoms likely to be related to a single thyroid nodule

consecutive

such as difficulty in swallowing or the feeling of local
pressure, (2) thyroid nodule documented by US, with a
maximum diameter of 20-50 mm, (3) degree of cystic
degeneration <50%, (4) serum TSH, FT4, and FI3 levels
within the normal range, and (5) benign cytology or
histology. The study was approved by the local ethical
committee, and all patients gave their informed consent.

Procedure

All patients referred for RFA treatment were checked by an
endocrinologist, including a measurement of serum FT4,
FT3, and TSH (Modular E170, Roche). A baseline US of the
neck was performed by interventional radiologists (F ] and
E B) with extensive experience in head and neck US. The
thyroid nodule’s location, volume, and characteristics
were documented, and all nodules were classified based
on TI-RADS criteria (20). Thyroid nodule volume was
calculated as follows: volume=0.525 x D1 x D2 x D3,
where D1 represents the largest diameter and D2 and D3
the two diameters perpendicular to D1 (10). US-guided
fine-needle aspiration (FNA) was performed at least
once in all patients, with classification according to the
Bethesda system (21). US-guided core needle biopsy (CNB,
18 gauche) was performed in patients with a Bethesda
1 or 3 or higher and in some patients with a Bethesda
2 if they reported rapid nodule growth. CNB analysis
was based on the criteria proposed by Na et al. (22). In
the multi-disciplinary thyroid meeting attended by an
endocrinologist, radiologist, thyroid surgeon, and nuclear
medicine physician, discussion was made on the eligible
patients. The decision to offer RFA treatment to a patient
was based on the groups’ consensus.

All RFA procedures were performed in an outpatient
setting, after mild sedation with oxazepam 10 mg orally
1 h before the start of the procedure. Lidocaine 1% was
used for local anesthesia of the skin and thyroid capsule.
In the case of nodules with partial cystic degeneration,
fluid aspiration was considered prior to the start of RFA.
RFA was performed by a team consisting of two dedicated
radiologists (FJ and E B), always acting together during each
procedure and using the US-guided moving-shot technique
with trans-isthmic approach and a cool-tip RF system with
a straight-type, modified, internally cooled electrode, all
of the same size (18G), length (7 cm), and with a 10 mm
active tip (RF Medical Seoul Korea or STARMed Co Seoul
Korea) (23, 24). During the procedure, patients remained
in a supine position with mild neck extension. They were
advised to report pain, and voice testing was performed at
regular intervals. The starting level of energy delivered per
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second was 35 W, and it was reduced if patients reported
pain, pressure, toothache, or hoarseness. It was increased
if no response was visible on US within 5-10 s. At the end
of the procedure, the patient applied mild compression of
the treated thyroid lobe for 20 min. If necessary, an icepack
was applied to relieve pain. After 2 h of post-procedural
observation, the patient was discharged, with the advice
to take paracetamol 1000 mg every 6 h for the first 24-h.
Standard follow-up included outpatient visits with FT4,
FT3, and TSH measurements at 1, 13, 26, and 52 weeks.
Nodule volumes were measured by US after 13, 26, and 52
weeks. Nodal volume reduction was expressed as volume
reduction ratio, calculated as follows: VRR=((initial
volume - final volume)/(initial volume)) x 100. Regrowth
was defined as an increase >50%, compared to the previous
smallest volume.

Outcomes

The primary outcome was the time course of changes in
technique efficacy, defined as the percentage of treatments
with a nodal volume reduction ratio (VRR) >50% after
single-session RFA (25). Secondary outcome measures were
the number and type of complications and the indications
and outcomes of secondary interventions.

Data analysis

Results are reported as mean values with s.D., medians
with ranges, or as proportions. Differences between groups
were analyzed by the Kruskal-Wallis and Wilcoxon tests.
Differences between proportions were analyzed by the chi-
square test. Linear regression analysis was used to analyze
the time-related change in applied energy. A P-value of
<0.05 was considered statistically significant. The learning
curve was plotted by exponential curve fitting (Graphpad
Prism, version 6.0).

Results

Hundred and three consecutive patients were included
and treated with RFA. Their baseline characteristics
are summarized in Table 1. All patients were euthyroid
at presentation. Sixteen patients had a history of
hemithyroidectomy for benign goiter, which had led to
post-operative hypothyroidism in six patients, and was
treated with levothyroxine (50-125 pg daily). Two other
patients were also on levothyroxine treatment, one because
of Hashimoto’s disease and one because of hypothyroidism

Table 1 Baseline characteristics of patients included for RFA
treatment, nodule and treatment characteristics, and
procedure related side effects and complications (mean + s.p.,
or median and range). In each patient, only one thyroid nodule
was treated with RFA.

Characteristics

Male/female (N) 8/95
Age (years) 54 +16.2
Height (cm) 170+ 8.2
Weight (kg) 73.6+12.6
BMI (kg/m?) 25.6 +4.1
Hemithyroidectomy (N) 16
Levothyroxine (N) 8
Number of treated nodules (N) 103
Nodule localization (R-1-L) 60-3-50

Nodule volume (mL) 12.0 (2.0-58.0)

Nodule structure (N)

Solid 85

Predominantly solid 18
Core needle biopsies (N) 17
Pre-RFA aspiration (N) 12
Aspiration volume (mL) 7.5(3.0-20.0)
RFA energy input (W) 40 (30-60)
RFA time (min) 12.7 (3.0-34.0)
RFA energy applied (kCal) 6.6 (1.5-18.5)
Side effects and complications (N)

Pain >24 h 5

Hematoma 4

Ecchymosis 4

Voice change 1

TSH <0.3 mU/L 25

FT4 >23 pmol/L 6

FT3>6.5 pmol/L 4

of unknown cause. The median nodule volume at baseline
was 12.0 mL (range 2.0-58.0 mL). Cystic degeneration was
present in 18 nodules, comprising 10-40% of the nodal
cross-sectional area. Three of these nodules had a sponge-
like aspect. TI-RADS classifications (TIR) ranged from
2 to 4, with the following distribution: TIR2 in 47%, TIR3
in 48%, and TIR4 in 5% of nodules. FNA and Bethesda
classification were performed in all patients. Seventeen
patients had a Bethesda 1 (B1), one patient had a B3, and all
others had a B2. In five patients, B1 was attributed to cystic
degeneration for which a second FNA was not considered
necessary because they all met the criteria for a TI-RADS 1.
Core needle biopsies (CNB) were performed in 17 patients:
in 12 patients with a B1, in 4 patients with a B2, and in the
1 patient with a B3. All CNBs were classified as benign. In 12
out of 18 patients with central cystic degeneration, RFA was
preceded by fluid aspiration (3-20 mL, median 7.5 mL). RFA
was performed with a median energy input of 40 W (range
30-60 W), and the procedure lasted for a median of 12.7 min
(range 3-34 min). The median amount of deposited energy
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was 6.6 kCal (range 1.5-10.2 kCal) or 0.5 kCal/mL nodule
(equivalent to 2093 J/mL). Over time, the applied energy
gradually increased from 0.32 to 0.84 kCal/mL (P=0.012).

Volume reduction at 6 months

All 103 patients completed the first 6 months of follow-up
without any secondary treatment (Fig. 1). Initially,
the results of RFA were poor. Only 9 (45%) of the first
20 patients had a 6-month VRR >50%, and this increased
to 15 (75%) of the next 20 patients and then to 50 (79%) of
the following 63 subjects (P=0.005). The median 6-month
VRR was 56.1% in the first 40 patients, and this rose to
62.7% in the following 63 patients (P=0.017).

Twelve months results

After 6 months, three patients were lost-to-follow-up
(LTFU). All three had become asymptomatic, with
6-month VRRs of 50, 60, and 61%, respectively. During
the second half-year, five patients had a diagnostic
lobectomy (patients indicated by the solid red bars) and
one patient (indicated by the solid blue bar) underwent
a second RFA because of persisting symptoms attributed
to a poor response to the first RFA (Fig. 1). Ninety-four
(91%) patients completed the 1-year follow-up without a
second intervention. Their nodule volumes over the year
are shown in Fig. 2, with symptomatic patients shown
as gray dots and asymptomatic patients as white dots.
The median volume declined significantly from 12.0 mL
at baseline to 5.5 mL at 3 months (P < 0.001) and then
further to 4.0 mL at 6 months and 3.6 mL at 12 months.
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At 12 months, 75/94 (80%) of patients had a VRR >50%.
The median changes in volume between 3 and 6 months
(P=0.002) and between 6 and 12 months (P=0.003)
were small but statistically significant. The degree of
volume reduction was related to the applied energy.
Nodule volumes at 12 months had decreased by 0.9 mL
per Kcal (R=0.52, P < 0.0001). At baseline, all patients
had symptoms, mainly local pressure sensations or
difficulty in swallowing. Only a few reported intermittent
weakness of their voice. After 3 months, 45 (48%)
patients had become asymptomatic, and this increased to
80 (85%) patients at 6 months and 84 (89%) patients at
12 months. None of the ten patients who had a history
of hemithyroidectomy and were euthyroid at inclusion
developed hypothyroidism after RFA.

Side effects and complications of RFA treatment

As recommended by Mauri et al.,, local pain and
asymptomatic minor ecchymosis were considered side
effects of RFA treatment, whereas other events were
classified as procedure-related complications (26). RFA
was only associated with minor complications, and
this occurred in a total of 9 patients: none in the first 20
subjects, 1 in the next 20, and 8 in the last 63 subjects.
Major complications did not occur.

Pain

Most patients experienced only a little pain on the day
of RFA, easily controlled with paracetamol. Five patients
reported pain that continued for a duration of 3-4 days
maximally.

Figure 1

Nodule volume response, 6 months after RFA in
the first 103 patients. Patients without any
secondary intervention during overall follow-up
(N =84) are shown as green bars. Patients who
underwent a second RFA (N = 5) are shown in blue
and those who had a diagnostic lobectomy in red
(N=11). Solid red and blue bars indicate that the
interventions took place in the second half of the
first year: white-striped red and blue bars
represent interventions after the first year. The
patient with a solitary B-cell ymphoma diagnosed
in the second year after RFA is shown as a yellow
bar. The red, interrupted line represents the VRR
cut-off of 50%. The black line is a curve fit of the
individual observations. Percentages at the
bottom represent the mean VRR for each cohort
of ten patients.
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Figure 2

Thyroid nodule volumes after single session RFA in all 94 patients who did
not have a second intervention during the 1-year follow-up. Results are
expressed in milliliter. Dark dots: symptomatic patients, white dots:
asymptomatic patients, lines represent the median value.

Bleeding

Three patients developed an intranodular hematoma
during RFA treatment, two of which occurred after cyst
fluid aspiration. One patient developed a scalenus muscle
hematoma. All hematomas were controlled successfully
by applying local pressure for 10 min. At the outpatient
visit 1 week after RFA, four patients had an asymptomatic
ecchymosis in the neck midline, just above the xiphoid
bone. None of the patients with a bleeding complication
had used anticoagulation.

Voice changes

A transient loss of voice occurred in one patient during the
RFA procedure. The ablation was stopped immediately, and
an ice pack was put on the area of treatment. About 30 min
later, the voice was back to normal.

Transient hyperthyroidism
One week after RFA, TSH levels decreased below the lower
limit of normal (0.3 mU/L) in 25 patients (Fig. 3). This
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Figure 3
Twenty-five patients with transient TSH suppression below the lower limit
of normal in the first week after RFA
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was associated with an increase in FT4 or FT3 above the
upper limit of normal in six and four patients, respectively
(Fig. 3). Four (3.9%) patients reported mild symptoms
of hyperthyroidism, mainly transient nervousness
and palpitations. All recovered spontaneously within
2-3 weeks, and none required treatment with g-blockers or
developed secondary hypothyroidism.

Extended follow-up

At12months, all patients who had become asymptomatic
were discharged with the advice to return if they had
a recurrence of symptoms or noted nodular growth.
Follow-up was extended in 11/94 patients, either because
of relatively large nodule remnants (N=9, median
nodule volume 23 mlL, range 10-57 mL) for which
further follow-up was considered indicated or because
of nodule growth in the previous 6 months (N=2, with
regrowth of 60 and 125%, respectively). In addition, two
patients returned after discharge because of regrowth of
186 and 38%, respectively, in the second year after RFA.
FNA or CNB was repeated in all 13 patients. Nine out of
13 patients eventually had a second intervention in the
months to follow. One patient returned about 1 year
later with a gradually increasing nodal volume. CNB
revealed a B-cell lymphoma, for which she was referred
to a hematologist.

Indications and outcome of
secondary interventions

Of all 103 patients, 16 had a secondary intervention,
either because of a VRR <50% and persisting symptoms
(N=14) or because of regrowth with recurrence of
symptoms (N=2). Diagnostic lobectomy was performed
in 11 patients because of persisting symptoms and a VRR
<50%. This led to a final diagnosis of solitary follicular
adenoma in seven and MNG in two. Despite a TI-RADS 3
and Bethesda 2 at baseline, two patients were diagnosed
with a T2ZNOMO follicular carcinoma, for which they
underwent total thyroidectomy followed by I1-131
ablation, after which they reached complete remission.
A second RFA was performed in five patients after FNA or
CNB confirmation that the nodule was still benign. One
patient was treated for an overall poor 6-month response
after the first RFA, attributed to an incomplete treatment
due to premature termination of RFA because of an
intranodular hemorrhage during the procedure.

Discussion

This retrospective evaluation of the start-up of RFA
treatment in a single-center indicates that it takes about
40 RFA procedures before a 6-month VRR of 50% has
become a realistic goal in most patients. After obtaining
this degree of experience, a VRR >50% was achieved in
79% of the following 63 patients. In a teaching setting with
experienced instructors to guide novices, the numbers
needed to treat to achieve a consistent VRR >50% may
be lower. However, exact figures of such a setting are not
available. Note that a VRR of 50% should be regarded as
the lower limit of technique efficacy. In very experienced
hands, a VRR of 80-90% is feasible (14). Although a volume
reduction of 50% is usually sufficient to induce a complete
disappearance of symptoms, a higher VRR should be strived
for to reduce the risk of nodular regrowth and the necessity
of retreatment (17). The present study also confirmed
that thyroid RFA could be regarded as a safe procedure.
Complications included minor bleeding (N=4), transient
hyperthyroidism (N=4), and transient loss of voice during
the procedure that lasted for 30 min (N=1). Secondary
interventions were needed in 16 patients and included a
diagnostic lobectomy in 11 patients and a repeat RFA in 5.

Our findings on expertise requirements agree with
observations in three other studies reporting comparable
data (18, 19, 27). Dobnig et al. described the 1-year results
of RFA in 277 consecutive patients and reported a gradual
improvement in VRR with increasing experience (18). In
the first 15 patients, the mean VRRs at 3 and 12 months
were 58 and 70%, respectively, and this gradually increased
to a plateau value of 70 and 80% when the number of
procedures was greater than 45. Recently, Russ et al.
reported their experience in the first 90 patients they
treated. Their 6-month VRR increased from 54% in the
first 30 patients to 65% in the following 30 patients but
stabilized after that (27). In a randomized controlled trial,
Deandrea et al. compared the VRRs obtained by a team
with a previous experience of 50 moving shot procedures
with that of a team with an experience of 3000 cases and
found only a tiny but statistically not significant difference
in VRR at 6 months (66% vs 77%, P=0.07) (19). The mean
6-month VRR of 66% recorded for the less experienced
team in Deandrea’s study is close to the VRR of 62.7%
we achieved after a learning period of 40 RFAs. It also
compares well with the results of a recent multicenter trial
reporting a 6-month VRR of 63% after a single session
RFA performed by operators with an experience of at least
50 RFA procedures (28).
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Over time, the improvement in VRR is attributed to
the growing operator skills in electrode maneuvring, the
increased energy applied per milliliter thyroid node, and
the increasing use of color Doppler to detect viable thyroid
tissue. Adding color Doppler during the procedure will
identify persisting vessels that still need to be treated.
Ablation of peripheral nodal vessels is also essential to
prevent regrowth. Most recurrent nodules show regrowth
from the undertreated peripheral portions of the nodule
(26, 29). A third factor is the growing awareness that
guidanceofthe probeexclusively based on the characteristic
US changes after RFA alone is not sufficient. A minimum
amount of energy per millilitertissue is required to achieve
optimal nodal shrinkage (29). Mean energy of about
2500 J/mL is needed to achieve optimal results, either
applied by a high-dose short time procedure or a more
prolonged low-energy procedure (17, 19, 27).

Recently, a 50% VRR at 12 months has been proposed
as a threshold for defining technical success (25). We
recommend using this criterion at 6 months because the
degree of volume reduction after 6 months is minimal
(13, 28). A delay of efficacy assessment offers no particular
advantage and maybe against patient interests. In
experienced hands, a6-month VRR >50% can be expected in
at least 80% of patients (28). An objective marker of efficacy
is essential for two reasons: first, as an objective instrument
to monitor the teams' technical qualities over the years and
secondly, to identify the poor responders early because they
may need additional diagnostic procedures and secondary
interventions. A poor response may be related to technical
limitations encountered during the RFA procedure, rapid
growth of benign thyroid cells, or underlying malignancy.
Although FNA prior to RFA is mandatory in all patients,
it does not exclude an underlying malignancy with 100%
certainty. About 2-3% of US-guided FNA are known to be
false-negative (30, 31). In our series, we encountered this
limitation in 3 out of 103 patients. The lack of absolute
histologic proof that the nodule is completely benign is
a major disadvantage of RFA compared to surgery with
complete nodule removal. Therefore, concern will arise
in case of an unexplained poor VRR or nodule regrowth.
Repeat FNA, CND, or diagnostic lobectomy should be
considered in these patients to obtain diagnostic certainty.
A 1-year follow-up with US at 3, 6, and 12 months revealed
all of our cases with a malignancy. It is recommended as a
standard procedure after thyroid RFA (32).

In agreement with previous studies, most adverse
effects of RFA treatment were minor in our study (10, 15).
Pain lasting more than 24 h occurred in five patients and
hematoma formation in four. The transient voice change

in one patient during the procedure was disconcerting but
disappeared after 30 min of ice pack treatment. Permanent
damage was not observed. Moreover, none of the patients,
including those who had undergone a lobectomy in the
past, developed hypothyroidism. This is a significant
advantage over surgery and RAI treatment.

In contrast to other studies, we detected a relatively
high incidence of transient subclinical hyperthyroidism
1 week after RFA. TSH suppression below the lower limit of
normal was observed in 24% of patients, and four reported
mild hyperthyroidism symptoms. It was self-limiting and
resolved within 2-3 weeks.

Limitations

The retrospective design of the study may be regarded
as one of its limitations. However, by focusing on the
individual outcome (see Fig. 1) and the fact that no
patients were excluded and only three patients were lost
to follow-up, we feel that the data provide a realistic and
solid picture of daily practice. Secondly, the learning
curve in this study is the product of a team effort of two
intervention radiologists always operating together during
each procedure. Therefore, the described results may be
somewhat different from a single-operator learning curve.
Thirdly, as standardized US images were not routinely
made immediately after the completion of RFA, this study
lacks an evaluation of the initial ablation ratio (IAR),
a relatively new objective parameter to document the
quality of RFA treatment introduced by Sim et al. (26, 33).
It is calculated as the ratio between the ablated volume and
the total nodule volume prior to RFA and thus represents
the percentage of the successfully ablated nodule. Its main
value is that it helps to predict long-term volume reduction
and the likelihood of retreatment (17, 33). The accuracy of
IAR for regrowth prediction remains to be established (34).
Its potential value as a parameter to document operator
skills was recently demonstrated by Russ et al., showing
that a single-operator learning curve for achieving an IAR
>90% was substantially longer than required for a VRR
>50% and exceeded 90 procedures when large nodes are
involved (27).

In conclusion, this study confirms previous
observations that an experience of about 50 RFA
procedures are required to achieve a 6-month VRR >50% in
the majority of patients. Based on our current experience
and the well-known diagnostic limitations of FNA, we
recommend extended follow-up in patients with a volume
reduction of less than 50%, considering repeat FNA or CNB
in case of persisting symptoms or regrowth.
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