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Abstract

Context: Radiofrequency ablation (RFA) is used as treatment for symptomatic thyroid nodules. Factors influencing the volume reduction ratio
(VRR) at 12 months are not yet fully understood.

Objective: The primary objective of this work was evaluating the VRR at 12 months after RFA. Secondary objectives were the assessment of a
learning curve and factors influencing the VRR at 12 months.

Methods: A retrospective observational cohort study was conducted at 3 Dutch referral hospitals of patients who underwent RFA for
symptomatic thyroid nodules with available ultrasound (US) follow-up. Main outcome measures included US-based VRR at 12 months and
chronologically numbered RFA procedures. All patients’ baseline, treatment, and early follow-up factors were assessed for correlation with
VRR at 12 months.

Results: A total of 337 patients with 356 nodules were included in the learning curve analysis. VRR at 12 months increased for the first 20
treatments per center and stabilized thereafter, indicating a plateau phase after a learning curve. These initial cases were removed from further
analysis. In the remaining 299 nodules, median VRR at 3, 6, and 12 months was 57.1%, 65.6%, and 70.8%. Baseline nodule volume
negatively correlated with VRR at 12 months but VRR was high for every volume category. Energy delivered per volume did not correlate with VRR.

Conclusion: InRFAforthyroid nodules, a stable treatment efficacy is achieved after 20 treatments, with a median VRR of 70.8%. Baseline nodule
volume, energy delivered, and prolonged follow-up 6 months after treatment may not be clinically relevant to predict treatment success.

Key Words: thyroid, radiofrequency ablation, nodule, learning curve, ultrasound

Abbreviations: |QR, interquartile range; RFA, radiofrequency ablation; RST, Rijnstate (Arnhem); TI-RADS, Thyroid Imaging, Reporting and Data System; US,
ultrasound; VRR, volume reduction ratio; VUMC, Amsterdam UMC at Vrije Universitei; ZGT, Ziekenhuisgroep Twente (Almelo).

Since its introduction, radiofrequency ablation (RFA) for be-
nign thyroid nodules has steadily gained interest and is today
considered an option to treat nodule-related mechanical and/
or cosmetic symptoms.

RFA was first described by a Korean research group in
2008 and later reported by groups in Europe and the

United States (1-5). Long-term follow-up of RFA has shown
that the treatment is safe and successful, reducing nodule
volume by 77% 1 year after treatment (3). In 2015, RFA
for benign thyroid nodules was introduced in the
Netherlands, and early experiences were reported by several
groups (6-8).
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Several patient-, nodule-, and treatment-related factors
have been studied to predict treatment outcome in terms of
volume reduction ratio (VRR). Baseline nodule volume is
most strongly correlated with VRR, favoring smaller nodules
to achieve the highest VRRs (9). Secondly, a positive but lim-
ited correlation between energy deliverance per milliliter nod-
ule volume has been demonstrated to ensure sufficient VRR
(10). A possible issue is regrowth of the thyroid nodule after
RFA, which is estimated to occur in 13% to 19% of cases,
often not occurring earlier than 3 years post ablation (11, 12).

For proper implementation in clinical practice, it is critical
that study results be reproduced in different populations.
For RFA this validation of factors influencing VRR after
RFA is limited, especially in the Netherlands, where only
smaller studies have reported on RFA for benign thyroid nod-
ules (6-8, 13, 14).

A learning curve when implementing RFA in benign thyroid
nodules has been described before. Several studies demon-
strate a lower VRR for the initial procedures, followed by a
higher VRR in patients treated by experienced physicians in
a so-called “plateau-phase.” Researchers explain this observa-
tion by increased technique proficiency over time. The number
of patients treated to reach this plateau phase varies widely in
studies, ranging from 20 to 90 procedures (6, 13, 15, 16).
Moreover, this learning curve may be affected by other factors
that influence outcome of VRR, such as nodule size, procedure
complexity, and nodule composition. These influences have
been scarcely investigated (15-17).

In this large retrospective study, we assessed RFA in a large
Dutch cohort, using the Dutch multicenter RFA registry
(RATED). The present research focused on 1, determining
the effectiveness of RFA in a Dutch population; 2, the effect
of the learning curve on treatment effectiveness; and 3, the
contribution of ultrasound (US) characteristics, treatment pa-
rameters, and early-treatment effects to the prediction of VRR
12 months after treatment.

Materials and Methods

Study Design

This retrospective cohort study was performed in 3 Dutch
hospitals: Amsterdam UMC, at location Vrije Universiteit
(Amsterdam), Rijnstate (Arnhem), and Ziekenhuisgroep
Twente (Almelo). These centers will be referred to as
VUMC, RST, and ZGT, respectively. Institutional review
board approval was obtained at all centers. Patient consent
was waived in RST, while VUMC and ZGT used an opt-out
procedure.

All patients who underwent RFA for benign thyroid nod-
ules between July 2015 until September 2022 were eligible
for inclusion.

Results of the first 103 patients of RST have been reported
before, including an analysis on the effect of RFA on thyroid
function in a small cohort of autonomously functioning nod-
ules (6, 18). Since the aims of this study are different, and lon-
ger follow-up has become available, these patients were
included in this study as well.

Standard clinical practice

Thyroid US evaluation before treatment was routinely per-
formed. Volumes were determined using standard caliper

measurements and the ellipsoid formula:
v:lxhxwxg, (1)

where V is the volume, [ is the length, / is the height, and w is
the width.

The benign nature of the nodule was based on US character-
istics and cytopathology results.

Radiofrequency ablation procedure

The ablations were performed by 8 radiologists, of whom 2
performed RFAs at VUMC, 4 at RST, and 2 at ZGT. When
implementing RFA, all ablations were performed by pairs of
radiologists per center. After gaining experience, ablations
were performed by one radiologist who consulted another
radiologist if preferred. Patients received local anesthetics
(1%-2% lidocaine) and a mild sedative (oral, 7.5 mg midazo-
lam or 10 mg oxazepam). The RFA electrodes used were pre-
dominantly monopolar, working at 480 kHz, internally
cooled, with a 18G diameter and varying active zone sizes of
5 to 15mm, all with a 360° active zone (STARmed);
grounding pads were placed on the shoulders or thighs. RFA
was performed according to the moving-shot-technique with
a transisthmic approach (19). RFA was guided by high-
frequency linear US probes with working frequencies of
11 to 18MHz. RFA power setting started at 40W and was
increased or decreased at the discretion of the treating
physician. Per ablation session two goals were set: to ablate
the nodule volume to the largest extent as possible (while
preventing damage to the recurrent laryngeal nerve, blood
vessels, trachea, and esophagus) and to reach a minimum
total amount of energy delivered of 2.11 kJ (0.5 kcal) per
milliliter (10).

After treatment, patients were observed for 1 to 3 hours (de-
pending on treatment center) and discharged home if pain lev-
els were acceptable (with acetaminophen, if necessary).
Patients were followed in an outpatient setting at 3, 6, and
12 months after RFA. On a per-case basis additional follow-
up was available (eg, multiple nodules, persistent symptoms).

Data collection

At baseline general and disease-specific information (age, sex,
mechanical and cosmetic complaints) from the electronic pa-
tient files were recorded.

Pretreatment US nodule characteristics composition, multi-
nodular goiter (defined as >2 nodules), size, components of
the American College of Radiology (ACR) Thyroid Imaging,
Reporting and Data System (TI-RADS) score (20), and vol-
ume were recorded. The nodules were grouped according to
Mauri et al (19). Nodule composition was grouped as: solid
(<10%  cystic  component), predominantly  solid
(10%-50%), predominantly cystic (50%-90%), and cystic
(>90%). Volumes were divided into 5 volume categories:
very small (<2.0 mL), small (2.1-10.0 mL), medium
(10.1-30.0 mL), large (30.1-60.0 mL), and very large
(>60.1 mL). Additionally, to allow comparison of our results
to guidelines and literature, the nodules are dichotomized in
smaller and bigger than 5 cm.

The ablation parameters RF power, ablation time, total en-
ergy applied, total energy delivered, cystic component aspi-
rated, main performing radiologist, and complications were
recorded. Additionally, the energy delivered per milliliter of
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nodal volume was determined, and scored as successful if a
target of 2.11 kJ/mL (0.5 kcal/mL) was reached (10).

Data were collected from 3, 6, and 12 months and last avail-
able follow-up visits after RFA. The VRR was calculated as
follows:

V=V
bl

VRR = x 100%, (2)
where VRR is the volume reduction ratio, V/, is the total nod-
ule volume at follow-up, and V,,; is the total nodule volume be-
fore RFA. VRRs of more than 50% were considered a
technical success, while the technical success rate is the per-
centage of treatments that were considered a technical success.
Additionally, complications, symptoms, and US characteris-
tics as described earlier, were recorded.

Major and minor complications

Side effects and complications were scored according to the
proposed classification system by Mauri et al (19).
Specifically, major complications known to occur after RFA
were defined as damage to critical structures (eg, recurrent la-
ryngeal nerve, vasculature, trachea, and esophagus) and full-
thickness skin burns. Recurrent laryngeal nerve paralysis
was scored as a major complication when confirmed by laryn-
goscopy. Temporary alteration of the voice was considered a
side effect. Additionally, minor complications were defined as
pain (requiring analgesics other than acetaminophen), swel-
ling lasting more than 1 week, and thyroid hemorrhage.
Mild pain and swelling requiring not more than acetamino-
phen were not recorded separately, since these are inherent
to RFA treatment. Changes in thyroid function were not ana-
lyzed, since it has been well established that RFA does not
negatively influence thyroid function (21).

Study outcomes

The primary outcome of this study was VRR at 12 months
after RFA. Secondary aims were to evaluate the effect of a
learning curve, factors influencing the VRR at 12 months after
a possible learning curve, with special attention to the VRR at
6 months, and finally, long-term follow-up.

Patient selection and data analysis

Every RFA session was consecutively numbered for the benefit
of the learning curve analysis. For other analyses, patients
were excluded when US nodule volume data at baseline or
at least 1 year follow-up (without reintervention) were miss-
ing. Patients were also excluded when the treated nodule
had undergone previous RFA or ethanol ablation less than 3
months before RFA.

Data were collected using the online clinical research forms
in Research Manager (Cloud9 Health Solutions). Data ana-
lysis was performed in SPSS (25, version 4, IBM). The data-
base was locked in September 2023.

We hypothesized that 10 to 30 ablations are needed to reach a
plateau phase of VRRs, based on available data in the literature
(6,13, 15, 16). Every RFA procedure was numbered consecu-
tively, regardless of exclusion criteria, to prevent selection bias
in the learning curve analysis. To determine the presence of a
plateau phase and its threshold, data were grouped per 10 treat-
ments per center and included nodules were analyzed. Groups
may be unequal because of excluded patients due to previously
mentioned criteria. Box plots showing the VRR at 12 months

were obtained. Similarly, data per radiologist were assessed.
Data were grouped for volume category and energy delivered
during RFA to assess its relation to VRR at 12 months.

All data were visually checked for a normal distribution.
Normally distributed data are presented as means + SD, non-
normally distributed data as medians and interquartile range
(IQR) 25th and 75th percentile in parentheses. Groups and
proportions are presented as numbers and percentages. The
number of missing values are reported per variable in the sup-
plemental material (22). Means, medians, and proportions
have been calculated using available data.

If the learning curve analysis showed a plateau phase, as in
previous literature, the treatments before this phase were re-
moved from the correlation analysis and the primary outcome
was recalculated. Correlations were identified between varia-
bles using a Spearman rho (continuous variables) or Mann
Whitney U or Kruskal-Wallis (categorical/ordinal variables)
correlation test.

Results

Out of 409 patients who were treated at participating centers
with RFA, 337 patients were eligible for analysis. A total of
356 nodules were included, which were treated in 353 ses-
sions. The inclusion flowchart is shown in Fig. 1. The mean
age at ablation was 51.5 + 12.5 years, and the median baseline
nodule volume was 12.2 mL (6.9-22.4 mL). Nodules were
classified as very small in 15 (4.2%), small in 128 (36.0%),
medium in 156 (43.8%), large in 45 (12.6%), and very large
in 12 (3.4%) cases. Most nodules were completely solid or
mainly solid. An overview of all characteristics is shown in
Table 1. Information on data availability is presented in
Supplementary Material S1 (22).

Radiofrequency Ablation
The mean ablation time was 15.3 + 8.3 minutes, during which
a mean of 30.0 + 18.4 kJ was introduced in the nodule, with a
median power of 40W. The median amount of energy applied
per volume was 2.20 kJ/mL (1.48-3.14 kJ/mL). Of the 356 ab-
lated nodules, 173 (48.6%) reached the 2.11 k] per mL target.
Eight procedures were terminated early: One patient experi-
enced vasovagal syncope, 3 patients experienced too much
pain, 1 patient developed a stridor, and 3 patients experienced
hematoma around the nodule that prevented further ablation.
No major complications occurred. A total of 19 minor com-
plications occurred (5.3%) and consisted of pain requiring
more than acetaminophen or lasting more than 1 week (n=
11), swelling lasting more than 1 week (n=2), thyroid bleed-
ing (n =4), bleeding at the puncture site (n = 1), and dizziness
(n=1). Side effects were reported in 12 patients (4.8%) and
included 1 skin reaction to lidocaine and 11 instances of tem-
porary hoarseness (3.1%).

First Year Follow-up and Learning Curve

The median VRR at 3, 6, and 12 months was 55.9%
(44.1%-66.0%), 65.1% (52.3%-74.7%), and 70.5%
(57.8%-80.9%), respectively. Technical success was achieved
in 207 (58.1%), 261 (73.3%), and 283 (79.5%) nodules at 3,
6, and 12 months.

Nodule and treatment characteristics in groups of 10 con-
secutive treatments per center are shown in Table 2. Median
VRR at 12 months is lowest in the first treatment group
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72 excluded

- Retreatment within 12 months (n=18)

| - Lost to follow-up, reason unknown (n=13)
| - Lost to follow-up, due to good result (n= 15)
- Insufficient ultrasound data (n=15)

- Very recent ethanol ablation (n=5)

- Other reason (n=6)"

Exclusion reasons

58 multiple ablations

337 patients included f-------------

--------- » 356 nodules included

Added to inclusions

- Synchronous treatments (n=3)

- Subsequent treatment of different
nodule with at least one year FU
(n=16)

| !

A

Same nodule at least 1
year after first RFA
(n=33)

Different nodule (n=25)

v

Subsequent treatment at least
one year after first RFA
(n=22)

v

Synchronus treatment in
one session (N=3)

Figure 1. Selection process of nodules included in this study. *Lost to follow-up due to good results relates to patients that refused further follow-up as
they were satisfied with their treatment. °The other reasons were 2 retreatments, 1 loss to follow-up due to comorbidities, 1 patient had a large nodule

and was planned for RFA in 2 sessions, and 2 unrelated deaths.

(60.4%) and increases per treatment group, after which it
reaches a plateau after 20 treatments of approximately a me-
dian VRR of 70%. Also, the IQR of the VRR at 12 months is
broadest in the first 20 treatments, and remains small after 20
treatments, indicating the plateau phase. In the final and lar-
gest group, IQR remains small, but the lowest and highest
VRR have a wider spread, as shown in Fig. 2. Energy applied
per milliliter increases per treatment group and baseline nod-
ule volume remains relatively constant. Complication rates
were comparable for each learning curve group.

Individual learning curves per radiologist show a similar
trend of increasing VRR at 12 months with a narrowing

IQR for 4 out of 8 radiologists (1, 2, 6, and 8;
Supplementary Fig. S2) (22). Interestingly, 2 radiologists (3
and 4) show a high VRR and small IQR starting from their
first ablations. Both these radiologists started ablating after
the center had already performed 50 and 233 ablations,
respectively.

To account for the learning curve effect, the first 20 treat-
ments for each center were not included in the following ana-
lysis and 311 nodules remained. The 12-month VRR was
missing in 12 nodules, resulting in 299 nodules available for
this analysis. In this group, median VRR at 3, 6, and 12
months was 57.1% (IQR 45.1%-66.0%), 65.6% (IQR
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Table 1. Baseline population and nodule characteristics of 337
patients with 356 nodules

Characteristic N (%)
Nodules per center
RST 213 (59.8%)
VUMC 84 (23.6%)
ZGT 59 (16.6%)
Sex
Female 308 (91.4%)

Male 29 (8.6%)
51.5 (+12.3)°
12.2 (6.9-22.4)°

Age, y*
Preablation nodule volume, mL?
Preablation nodule volume group, mL
Very small, <2.0 mL
Small; 2.1-10.0 mL.
Medium, 10.1-20.0 mL
Large, 20.1-30.0 mL
Very large, >30.0 mL

15 (4.2%)
128 (36.0%)
156 (43.8%)

45 (12.6%)

12 (3.4%)
Nodularity
247 (69.4%)
109 (30.6%)

Multinodular goiter
Single nodule

Composition nodule

Solid 116 (32.6%)

Predominantly solid 215 (60.4%)

Predominantly cystic 25 (7.0%)

Cystic 0 (0%)
Complaints

Mechanical 298 (83.7%)

Cosmetic 65 (18.3%)

Abbreviations: RST, Rijnstate (Arnhem); VUMC, Amsterdam UMC at Vrije
Universitei; ZGT, Zickenhuisgroep Twente (Almelo).

“Mean with SD in parentheses.

“Median with 25th and 75th percentile in parentheses.

54.1%-74.8%), and 70.8% (IQR 59.4%-81.1%), as shown
in Fig. 3. Additionally, at 12 months the VRR shows a more
skewed distribution toward higher VRRs as compared to
3 and 6 months (x*=221; P <.001 Friedman 2-way analysis
of variance). A success rate (VRR >50%) of 61.5%, 76.3%,
and 85.3% at 3, 6, and 12 months after RFA was observed.

Parameters With Effect on Volume Reduction Rate
at 12 Months

The following baseline variables correlated significantly with
VRR 12 months after RFA: baseline volume (rho —0.229;
P <.0013), baseline volume category (very small, small, me-
dium, large, very large) (x> =17.63; P=.001), largest diam-
eter greater than 5 cm (U=-2.5; P=.012), and location of
nodule (y* = 6.69; P =.035).

The VRR at 12 months was compared for the different vol-
ume and energy applied per volume (kJ/mL) categories as
shown in Fig. 4 and Table 3. The amount of energy applied
per milliliter strongly and significantly decreased with increas-
ing nodule volume category (x> = 92.76; P <.001). The differ-
ences in VRR at 12 months for these categories, however, are
small. In every volume category, median VRR at 12 months
was greater than 65%. VRR at 12 months was highest in

very small nodules and small nodules (81.1% and 75.9%, re-
spectively) and lower in medium, large, and very large nodules
(68.3%, 68.4%, and 68.7%, respectively). Similarly, when
dividing nodules into kJ/mL categories, median baseline nod-
ule volume decreases per k]J/mL category, with higher but
similar VRR in higher k]J/mL categories. We saw no difference
in nodule composition or VRR at 12 months for the different
kJ/mL groups.

In conclusion, we did observe a limited relation between
baseline nodule volume and VRR at 12 months, and between
kJ/mL and baseline nodule volume, but not between kJ/mL
and VRR 12 months.

The following follow-up variables correlated significantly
to VRR at 12 months: volume at 3 months’ follow-up (rho
—0.313; P <.001), VRR at 3 months’ follow-up (rho 0.473,
P <.001), technical success at 3 months’ follow-up (U=
8.76; P<.001), volume at 6 months’ follow-up (rho
—0.394; P <.001), VRR at 6 months’ follow-up (rho 0.591;
P <.001), and technical success at 6 months’ follow-up
(U=9.08; P <.001).

The technical success rate at 6 months was 76.3% (21 miss-
ing); this increased to 85.3% at 12 months. In the 50 nodules
without success at 6 months, success was reached in 17 (34%)
patients at 12 months but was not achieved in the other 33
(66%) nodules. In the 228 nodules with success, 6 (2.6%)
showed no success at 12 months. However, in 2 of these pa-
tients the decrease of VRR between measuring points was
very limited (2.4% and 2.7%). Thus, the correct conversion
from success at 6 months to no success at 12 months was ob-
served in 4 (1.8%) nodules.

Prolonged Follow-up and Regrowth
In 42 of 299 nodules, a prolonged follow-up after 12 months
without retreatment for the ablated nodule was available. The
median time to last follow-up was 26.04 months (IQR
20.8-37.5 months), at which the median VRR was 66.9%
(IQR 46.0%-78.6%). The median difference between VRR
at 12 months and VRR at last available follow-up was 2.8%
(IQR —-14.2% to 9%). Taking the measurement variability
of 15% into account (23, 24), the nodule volume at last avail-
able prolonged follow-up was lower in 7 cases, higher in 15
cases, and equal in 19 cases, compared to the last available
volume. Following the definition of regrowth as an increase
of the total nodule volume of 50% compared to the previously
recorded smallest nodule volume (19), 4 nodules showed re-
growth at 12 months after RFA and an additional 7 nodules
at last available follow-up. In 8 of these 11 nodules, benig-
nancy was confirmed by repeated fine-needle aspiration or
pathology diagnosis after hemithyroidectomy. Three other
nodules exhibiting regrowth were toxic nodules and were sub-
sequently treated with radioactive iodine (I131). Median base-
line nodule volume and energy delivered were not statistically
different for nodules expressing regrowth as compared to the
total study population.

During follow-up, two malignancies were detected in an ad-
jacent, untreated nodule. One toxic nodule, with low VRR,
was shown to be malignant 12 months after follow-up.

Discussion

This retrospective study shows a median VRR of 70.5% 12
months after treatment, with a technical success rate of
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Table 2. Nodule volume, volume reduction ratio at 12 months, and energy applied per case number group

Variable Case No.
0-10 11-20 21-30 31-40 41-50 51-60 61-70 70+
(n=24) (n=21) (n=25) (n=26) (n=19) (n=22) (n=27) (n=192)
Baseline nodule volume, mL Median 11.6 13.3 14.1 12.3 13.6 13.4 12.2 12.0
IQR 25.0 27.0 16.6 239 29.1 24.0 17.5 12.7
Energy applied per volume, k]/mL Median 0.94 1.02 1.68 1.57 21 1.88 1.94 2.59
IQR 1.45 1.99 0.69 1.56 1.71 1.25 1.19 1.83
Energy target success rate, % 26.7 38.5 20.0 34.6 52.9 40.9 40.0 65.4
VRR 12 mo, % Median 60.4 63.3 68.5 73.2 68.9 72.8 70.6 70.7
IQR 40.7 48.5 22.8 24.5 27.6 17.2 21.0 22.4

Abbreviations: IQR, interquartile range; VRR, volume reduction ratio.
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Figure 2. Box and whisker plot of the volume reduction ratio (VRR) at 12 months per learning curve group. An outlier with a VRR of —68% caused by a

growing cystic component is not shown.

79.5%. We observed a learning curve in the first 20 patients
treated per center, after which the outcome and treatment pa-
rameters stabilized (see Fig. 2 and Table 2). We showed that
the baseline nodule volume and technical success at 6 months
had a statistically significant predictive effect on the VRR at
12 months’ follow-up, while the much-used parameter
“amount of energy applied per volume” did not (see Fig. 4).

Our results on VRR at 12 months and complications are
comparable to that of the previously reported literature (3,
17). No life-threatening or severe complications occurred in
our cohort.

Both the VRR and energy applied per milliliter showed an
increase when plotted against the number of procedures,
which is similar to earlier reports (6,13, 15, 16). The VRR im-
proved in the first 20 cases per center and remained relatively
stable thereafter (see Fig. 2 and Table 2). We assessed the
learning curve by plotting the VRR against the number of pro-
cedures, similar to the previous literature (6, 13). Others have
used a CUSUM analysis (15, 16). Previous studies assessed the
learning curve in 1 or 2 radiologists, whereas we present

information for 3 centers with 8 radiologists. The observed
learning curve in our cohort of 20 cases per center is short
compared to the previous literature. This may be attributed
to well-executed proctoring, thereby building on existing ex-
perience. Furthermore, the RFAs have often been performed
by pairs of radiologists, thus while not actively ablating, a
radiologist can still experience a learning effect (see
Supplementary Fig. S2) (22).

We did not find a correlation between the VRR at 12 months
and energy applied per volume, while previous studies report
this as a predictive parameter both for technical and clinical
success (5, 10). The previously postulated threshold may in
fact be lower than presumed and is reached for most nodules
in our cohort. Another explanation for why we have not found
acorrelation is that the applied energy per volume requirement
is lower for larger nodule volumes, thus larger nodules may be
ablated as effectively while applying less energy per volume
(see Fig. 4 and Table 3). For example, the energy requirement
may be affected by nodule composition or other unknown fac-
tors (10). Although we did not observe data that support the
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Figure 3. Violin plot showing distribution of VRR at 3, 6, and 12 months after radiofrequency ablation (RFA). The circle represents the mean. A trend
toward a higher mean volume reduction ratio (VRR) and higher incidents of high VRRs is increasingly observed for each time point.
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Figure 4. Energy delivered per volume (striped, left y-axis) and volume reduction rate at 12 months after radiofrequency ablation (filled, right y-axis) per
baseline volume category (very smalln=9, smalln=111, medium n =135, large n = 34, very large n = 10). The first 20 centers (the learning curve) have
been removed. Energy delivered per volume is lower in larger baseline volume groups while volume reduction ratio (VRR) at 12 months remains

relatively stable.

use of an energy target, the applied energy per volume does of-
fer guidance in terms of treatment completion. We suggest fur-
ther research to investigate the suitability of this target.

For a patient to be a candidate for RFA, different limits of
nodule size and volumes have been suggested, assuming that
a larger nodule may result in a worse clinical outcome.
Limits include a maximum dimension of 5 cm, or a volume
of 20 mL (25-27). Our data indeed show a significantly lower
VRR at 12 months in larger nodules. However, the difference
in treatment effect is small, even the large (30.0-60.0 mL) and
very large (>60.1 mL) nodules showed a good median VRR at
12 months of 68.4% and 68.9%, respectively, and a technical

success rate of 76.5% and 90%, respectively. These findings
support RFA treatment of nodules larger than currently rec-
ommended in guidelines (25-27).

Our study confirms that after RFA, nodules decrease in
size mostly in the first 3 to 6 months and very little between
6 to 12 months (see Fig. 3). Additionally, if technical success
is achieved at 6 months, only in 1.8 % of nodules is technical
success not achieved at 12 months. Therefore, VRR at 6
months may be considered as a cutoff point for clinicians
to decide on retreatment, continuing follow-up, or discon-
tinuing follow-up when VRR and relief of symptoms are
sufficient.
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Table 3. Six cutoff groups for the amount of energy applied per volume and their relation to the volume reduction ratio at 12 months, nodule

composition, and baseline nodule volume

0.76-1.3 kJ/mL 1.3-2.1 kJ/mL 2.1-2.7 kJ/mL <0.76 kJ/mL >2.7 kJ/mL
n=31 n=79 n=>54 n=16 n=107
Nodules
Solid 11 (35.5%) 24 (30.4%) 19 (35.2%) 6 (37.5%) 34 (31.8%)
Predominantly solid 14 (45.2%) 36 (45.6%) 24 (44.4%) 7 (43.8%) 49 (45.8%)
Predominantly cystic 6 (19.4%) 19 (24.1%) 11 (20.4%) 3 (18.8%) 24 (22.4%)
Baseline volume, mL 26.9 (14.0-41.7) 16.2 (9.1-25.9) 13.8 (9.0-19.6) 40.3 (24.9-75) 8.0 (4.7-12.1)
VRR at 12 mo, % 73.7 (66.1-79.3) 68.2 (56.7-77.6) 73.8 (65.4-81.2) 67.1 (62.9-72.6) 70.7 (59.3-84.1)
Technical success at 12 mo 25 (80.8%) 64 (81.0%) 50 (92.6%) 14 (87.5%) 91 (85%)

Abbreviation: VRR, volume reduction ratio.

Neither our data, nor previous reports, suggest the occur-
rence of thyroid-specific malignancy after RFA. However,
this was not the aim of this study (11, 12). When discontinuing
follow-up at 6 months after RFA, the risk of developing malig-
nancy may be considered before discharge. Baseline TI-RADS
should be assessed, and patients should be instructed to return
if symptoms or visible growth recur. Summarizing, the VRR at
6 months may be suitable for clinical decision-making during
follow-up after RFA but should be investigated further.

This study was limited by its retrospective nature, which re-
sulted in incomplete data (Supplementary Table S1) (22).
There may also be selection bias, due to selecting patients
with US data available at 12 months after RFA. Both overesti-
mation and underestimation of VRR at 12 months may have
occurred due to cases that were not analyzed (see Fig 1). A
similar number of patients discontinued follow-up because
of good clinical effect compared to the number early retreat-
ments due to insufficient clinical effect. An additional 13 pa-
tients stopped follow-up for unknown reasons, but having a
sufficient treatment effect seems most likely, as the patients
did not return with thyroid nodule symptoms. For the other
26 excluded patients, treatment result is more difficult to pre-
dict. Overall, given the remaining large sample size, we do not
expect that the effect of missing data resulted in a significant
bias of our result. Also, our information about follow-up after
the first year is limited, since information from only 42 of 299
patients was available. Since this study was conducted in
the Netherlands, we predominantly included Dutch patients,
which may limit the generalizability to populations with a dif-
ferent distribution regarding population ethnicity.

Another limitation of this and previous reports is the scarce
data on clinical success, for example, symptom relief or
thyroid-related quality of life. At present, the effect of RFA
is usually expressed in VRR. The commonly used cutoff for
technical success at greater than 50% has, to our knowledge,
not yet been correlated to clinical outcomes such as symptom
relief. Future studies should evaluate this relationship to set
meaningful treatment goals.

Conclusion

With a 12-month VRR of 70.5% and a success rate (VRR
>50%) of 79.5%, RFA in 3 Dutch hospitals was found to
be effective in reducing thyroid nodule volume in 356 nodules.
A learning curve was observed for the first 20 cases, after
which median VRR at 12 months increased from 60.4% in

the first cases, to 70.8% after removal of the first cases.
VRR at 12 months was highest in the smallest nodules; still,
median VRR at 12 months was greater than 68% in every vol-
ume category. Energy delivered per volume did not affect the
VRR. The VRR remains stable between 6 and 12 months, and
future studies can assess its suitability as an end point for
follow-up and its relation to clinical success.
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