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ABSTRACT

ARTICLE HISTORY

Background: Thermal ablation is a minimally invasive technique that is gradually acknowledged as an
effective alternative to surgery to treat thyroid nodules. Two main techniques have been described:
radiofrequency (RFA) and laser ablation.
Objective: To evaluate the safety and efficacy of the two main techniques (RFA and laser ablation) for
the treatment of benign thyroid nodules.
Patients: This bicentric retrospective study included 166 consecutive patients, who received clinical,
biological and ultrasound evaluations for thyroid nodules, from October 2013 to November 2017.
Methods: One of the two techniques was proposed if a nodule was proven to be benign after fine
needle aspiration cytology or micro-biopsy. Adverse events and outcomes (symptoms, nodule reduction) were assessed at 6 weeks and 6, 12, and 18 months after treatment.
Results: One hundred and eighty-nine nodules (mean size 17.5 ± 16.9 mL, 86.1% palpable) were
treated by RFA (n ¼ 108 (57.1%)) or laser ablation (n ¼ 81 (42.9%)) in 166 patients (80.1% women,
mean age 51.7 years). Two cases of transient recurrent laryngeal nerve palsy, one hematoma, and two
successfully drained abscesses (5/166 ¼ 3%) were observed. Clinical symptoms improved significantly
in the two groups (anterior cervical discomfort –83.6%, esthetic complaints –84.9% and dysphagia
–86.4%). Nodule volume (mL) decreased significantly (baseline vs. 18 months) from 20.4 ± 18.6 to
5.8 ± 6.6 (75%) in the RFA, and from 13.6 ± 13.3 to 3.4 ± 4.1 (83.9%) in the laser ablation groups.
Conclusions: Transient but potentially serious adverse events were reported in 3% of patients. A significant volumetric reduction was achieved with both techniques, regardless of nodule’s characteristics,
at 18 months.
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Introduction
Thyroid nodules (TNs), one of the most common endocrine
manifestations [1,2], are clinically detected in 4% to 7% of
the general population. Autopsy series [3] and ultrasound
imaging show that up to 30% to 70% of TNs occur at a
mean age of 50 years, particularly in the Asian population
[1,4]. It is usually admitted that about 5% of nodules are
malignant. Despite guidelines for TN management [5–9], surgery still seems excessively performed for the treatment of
TN, which poses a health care challenge [10]. In fact, in 2016,
45 000 thyroidectomies (0.07% of the population) were performed in France and only 7000 new thyroid cancers (mainly
papillary thyroid carcinoma (PTC) with good prognosis)
[10,11] were diagnosed [12]. The latest French national data
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reports that 10 000 unnecessary thyroidectomies are performed each year in patients with presumably benign nodules [13]. In another study, more than half thyroid nodules
were found to be benign after surgery [14], meaning that
there is an over-surgery in industrialized countries for thyroid
nodules [15,16].
Surgical management of benign TNs can be complicated
by laryngeal palsy, infection, compressive hematoma, hypocalcemia, and lifelong hormonal substitutive therapy, even
after a bare lobectomy [17]. As a result, cheaper and less
invasive treatments are greatly needed. Thermal ablation
(TA) could be proposed as a first-line treatment for some
patients, as already recommended by the Korean Health
Authorities (2012), the American Association of Clinical
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Endocrinologists, the American College of Endocrinology and
the Italian Society of Endocrinology (Associazione Medici
Endocrinologi) [5,18,19].
Thermal ablation is already used in clinical practice for primary and metastatic malignant liver, breast, renal, bone and
lung tumors [20–23] but is not yet regularly used for TNs,
despite their validation in Korean and Italian studies [24–28].
Radiofrequency ablation (RFA), and laser ablation have
already been studied separately for the treatment of benign
TNs [29–34] and in many retrospective and some prospective
comparative studies with a long-term follow-up. Currently,
RFA and laser ablation are considered effective for treating
medium-large solid or cystic nodules (>10 ml) [35–38] with
similar results in compared studies [35]. HIFU indications are
still being debated. It is mainly performed to treat smaller
nodules ( < 5 ml) that are inaccessible to other techniques or
when patients refuse other minimally invasive techniques,
but several studies have shown effective results [33,39–44].
Therefore, the aim of our study was to analyze the reproducibility of the safety and efficacy of the two main techniques RFA and laser ablation, outside an international
reference center and to analyze the results according to nodule characteristics, in a large bicentric cohort.

Patients and methods
Study design
A longitudinal retrospective study was conducted in two
centers (American Hospital of Paris and Sainte-Therese
Polyclinic), where the two techniques were available, to compare the safety and efficacy of the techniques. Subgroups
analysis were performed according to the function and the
structure of the nodules, as well as according to the era
of treatment.

Patients
All consecutive adult patients treated between October 2013
and November 2017 were included according to the criteria
mentioned in Table 1. Clinical and biological data were collected from medical files and were analyzed anonymously
(Supplemental Table).
All patients gave their written informed consent before
inclusion in the study protocol. Surgery was always proposed
as a first-line treatment, and all patients treated with TA had
rejected surgery, including a robot-assisted axillary surgical
technique. Complex cases were systematically discussed in
dedicated multi-disciplinary meetings. The best treatment
option was chosen based on the available guidelines according to the nodule initial size, structure and location, the
operator’s experience and the patient’s final decision.
This study followed the tenants of the Declaration of
Helsinki and was approved by the institutional review board
of each participating center (Ethics committee of the
American Hospital of Paris).
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Table 1. Inclusion and exclusion criteria in patients with thyroid nodules.
Inclusion

Exclusion

 18 years old
Written consent
Functional/
compressive complaints:
Anterior cervical discomfort
Dyspnea
Dysphagia
Dysphonia
Esthetic complaint
Two benign cytology or biopsy
(Bethesda IIa)
Autonomous thyroid nodule
Refusal/contraindication
for surgery
Not available for
radioiodine treatment
Not available for percutaneous
ethanol injection (PEI)
History of neck surgery or
radiotherapy
a

<18 years old
Pregnancy
Nodule classified as Bethesda I, III, IV,
V, VI

Ultrasound (US) aspect compatible
with medullary thyroid cancer and
positive calcitonin
Nodule too close to the
‘danger zone’
Not available for thermal ablation
after US evaluation
Multinodular thyroid

Bethesda classification (2010) of thyroid nodules, PEI: percutaneous ethanol injection.

Assessment before procedure
In each center, the diagnosis (clinical, biological, ultrasound,
fine needle aspiration cytology (FNAC) and/or core needle
biopsy (CNB)) and therapeutic procedure were conducted by
the same operator. Both physicians were experienced thyroidologists who had been trained in Korean and Italian medical expert centers before starting thermal ablation in their
own centers.
Thyroid ultrasound imaging was performed with a high
frequency linear ultrasound transducer (ESAOTE MyLab
Twice, LA435). Nodules were classified according to the
Thyroid Image Reporting and Data System (TI-RADS) classification [45]. Nodule volume was measured as follows: V
(ellipsoid volume formula) ¼ length  width  depth 
0.524. Nodule structure was reported as solid (10% of fluid
component), predominantly solid (11–50% of fluid component), predominantly cystic (51–90% of fluid component), or
cystic (>90% of fluid component) [46]. Nodule vascularization was classified by color flow Doppler (pulse repetition
frequency (PRF) 1 kHz) as type 1: no vascularization; type 2:
perinodular vascularization; type 3: combined intranodular
and perinodular vascularization; or type 4: intranodular vascularization). The vagal nerve was identified as the first
“danger zone”, and the recurrent laryngeal nerve region constituted a second “danger zone”. All imaging data were
recorded on a map-drawing.
All patients had two distinct FNAC procedures (27 G needle) performed at different time points; these were classified
as Bethesda category II [47] by an experienced pathologist in
each center. If the results of the FNAC were uncertain, a CNB
(using BardV MissionV Disposable Core Biopsy Instrument,
20 G  20 cm) was performed.
When nodules were associated with low TSH levels, I123
thyroid nuclear imaging was performed (Siemens SymbiaV
gamma camera) as well as non-contrast cervical CT-scans (GE
R

R

R
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Healthcare DISCOVERY CT750 HD System) for large compressive nodules with indistinct ultrasound limits.

Procedures
The procedure was conducted in an operating room.
Patients were placed in supine position, received intravenous
hydration and were monitored. The posterior extension of
the neck was determined by the nodule localization. Local
analgesia was provided with a skin patch, and a pericapsular
anesthesia with injection of lidocaine/ropivacaine. Conscious
sedation was performed using an intravenous administration
of remifentanil or midazolam ± propofol. At the end of the
procedure, a final intravenous injection of 0.5 mg/kg of dexamethasone was given to reduce local symptoms.
A pressure dressing and an ice bag were applied to the
skin after thermal ablation to reduce inflammation and pain.
Two hours after the procedure, another thyroid ultrasound
examination was performed to rule out early complications
(hematoma). Patients were discharged on the same day with
a pain killer prescription when the anesthesiologist authorized it.

Radiofrequency ablation
For thermal ablation, we used a STARmed VIVA RF Generator
and an 18-07s07F electrode cooled by a 0.9% sodium chloride solution bag at 4 . The electrode was inserted using a
transisthmic approach starting from the deepest part of the
nodule, and a moving-shot thermal ablation technique was
performed (successive treatment of small parts of the nodule). We delivered 35 to 55 Watts of power.

Laser ablation
Needle-guided tracking was performed prior to the procedure, and patients wore safety glasses. One or two 21 G needles were inserted based on the largest nodule axis, and
allowing the installation of one or two laser fibers
(EchoLaser, ELESTA). The fiber was initially positioned as
deeply as possible and gradually pulled back. The energy
delivered ranged from 1100 to 5600 joules.

Outcomes
Adverse events
Adverse events, recorded at each clinical and ultrasound
evaluation during follow-up, were classified into one of the
three groups according to the guidelines criteria from the
Society of Interventional Radiology (SIR) [48]: group 1 (major
complication), including Horner’s syndrome, recurrent laryngeal nerve palsy, compressive hematoma and sub-cutaneous
abscess; group 2 (minor complication) consisting of transient
dysphonia, non-compressive hematoma, and nodule rupture
requiring conservative treatment; and group 3 (side effects),
including pain during or following the procedure, thyroiditis,
thyroid dysfunction and skin burn.

Symptoms and nodule size reduction
All patients had a physical examination and an ultrasound
nodule size evaluation at baseline and at 6 weeks, and then
at 6, 12 and 18 months. Symptoms (anterior cervical discomfort or esthetic complaint, dysphonia and dysphagia) were
each evaluated on a binary scale. The nodule volume reduction rate in percentage was calculated as follows: (final nodule volume (mL)/initial nodule volume (mL)  100.

Statistical analysis
Continuous variables are expressed as means (standard deviation) and categorical variables are expressed as numbers
(percentage). Normality of distributions was assessed using
histograms and the Shapiro-Wilk test. The main patient characteristics were compared between the two main study
groups (RFA vs. laser ablation) using the Student’s t-test for
continuous variables and the Chi-Square test for categorical
variables. Nodule characteristics were compared between the
two main study groups using linear mixed models for continuous variables, and generalized linear models for categorical variables (binary, ordinal or multinomial logistic models).
Changes in nodule volume over 18 months (calculated as
a percentage of volume change from baseline) were compared between the two study groups (RFA vs. laser ablation)
using a linear mixed model for repeated measures (an
unstructured covariance pattern model to account for the
correlation between repeated measures within the same
nodule); in this model, time, the study group and interaction
timestudy group were introduced as fixed effects and
patients as a random effect (to account for the multiple nodules per patient). Post-hoc comparisons at each follow-up
were done using linear contrast. Normality and homoscedasticity of the residuals were checked graphically. Comparisons
of volume changes were further adjusted for prespecified
factors (age, baseline nodule volume, nodule structure, TIRADS category and nodule vascularization). We finally performed subgroups analysis to evaluate the influence of the
time, the number of adverse events, of volume regained, the
treatment duration and the total delivered energy in autonomous and non-autonomous nodule and in each type of nodule structure between eras (2013 and 2014 vs. 2015, 2016
and 2017). Changes in nodule volume over 18 months were
compared between eras in each subgroup of nodule
(‘autonomous nodule’ and ‘structure’) using the same linear
mixed model that above. Statistical testing was conducted
using a two-tailed alpha level of 0.05. Data were analyzed
using SAS software, version 9.4 (SAS Institute, Cary, NC, USA).

Results
Whole cohort and group characteristics
One hundred and
51.7 ± 12.5 years old,
were enrolled and
description is shown

sixty-six adult patients (mean age
80.1% women) with a total of 189 TNs
treated (Figure 1). A detailed cohort
in Tables 2 and 3.
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The follow-up extended to 18 months. The number of
nodules (n) at each visit is shown in Table 4. The mean nodule volume was 17.5 ± 16.9 ml and was significantly higher in
the RFA group compared with the laser ablation group
(p < .05). Most nodules were classified as TI-RADS category 3
(54.5%) and had type 1 vascularization (30.2%). Twenty-six
patients (13.8%) had an autonomous nodule, and 13 patients
(7.8%) had symptomatic hyperthyroidism with a low TSH
level < 0.4 mIU/mL. The mean delivered energy was
6.8 ± 5.6 kJ, which was significantly higher in the RFA group
(7.8 ± 5.8 kJ) compared with the laser ablation group
(2.6 ± 1.0 kJ).
The
mean
treatment
duration
was
16.8 ± 10.4 min and was significantly higher in the RFA group
(18.7 ± 10.6) than in the laser ablation (8.9 ± 4.3)
group (p < .05).

Safety
Five major adverse events (3%), 25 minor adverse events
(15.1%) and 101 side effects (60.8%) occurred during followup (Table 5).
Although the difference was not significant, we observed
a higher rate of transient recurrent laryngeal nerve palsy
(2%) and nodule rupture with conservative treatment (2%) in
the RFA group compared with the laser ablation group (0%).

Figure 1. Flowchart.
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Table 2. Baseline characteristics of the whole cohort.
Population
Patients’ characteristics
Medical history and clinical data
Age (years), mean ± SD
Gender ($) (No. [%])
Family history of goiter/nodule (No. [%])
History of thyroid surgery (No. [%])
Radioiodine therapy before treatment (No. [%])
Smoking habits (No. [%])
Hyperthyroidism (No. [%])
Grave’s disease (No. [%])
Hypothyroidism (No. [%])
Hashimoto’s thyroiditis (No. [%])
Palpable nodule (No. [%])
Palpable goiter (No. [%])
Treatment (No. [%])
L-thyroxine suppressive treatment
Antithyroid drug
Ultrasound data (No. [%])
US goitera
Multinodular goiter
Biological data
TSH (mIU/mL), mean ± SD
FT3 (pg/mL), mean ± SD
FT4 (ng/dL), mean ± SD
Positive TPOb (No. [%])
Calcium level (mg/l), mean ± SD

N ¼ 166 patients
51.7 ± 12.5
133 (80.1)
48 (28.9)
11 (6.6)
3 (1.8)
42 (30.7)
13 (7.8)
1 (0.6)
11 (6.6)
2 (1.2)
143 (86.1)
45 (27.1)
14 (8.4)
1 (0.6)
129 (79.1)
90 (51.1)
1.3 ± 0.9
3.3 ± 0.8
1.2 ± 0.2
23 (13.8)
94.0 ± 4.7

Values expressed as number (No. [%]) and mean ± standard deviation (SD).
Biological data units are given according to the laboratory standards.
US: ultrasound goiter was defined as a volume >18 ml in females and
>22 ml in males.
b
Thyroperoxydase auto-antibodies.
a
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Table 3. Description and comparison of patient characteristics and nodules according to intervention group.
Groups
Patients’ parameters
Location (No. [%])
American hospital of Paris
Sainte-Therese polyclinic
Thyroid volume (mL), mean ± SD
Age (years), mean ± SD
Gender ($) (No. [%])
Cervical complaint before treatment (No. [%])
Esthetic complaint before treatment (No. [%])
Dysphagia before treatment (No. [%])
Nodules’ parameters
Nodule volume at baseline (mL), mean ± SD
Autonomously functioning nodule (No. [%])
Nodule structure (No. [%])
Solid
Cystic
Mixed
Nodule vascularization (No. [%])
Type 1
Type 2
Type 3
Type 4
TI-RADSb (No. [%])
2
3
4A
4B
5
Number of FNACc (No. [%])
2
>2
Number of CNBd (No. [%])
Number of procedure (No. [%])
1
2
Delivered energy (kJ), mean ± SD
Duration of the procedure (minutes), mean ± SD

Whole cohort
N ¼ 166

RFAa
N ¼ 99 (59.6)

Laser
N ¼ 67 (40.4)

p-adjusted
RFA vs. laser

116 (69.9)
50 (30.1)
32.6 ± 18.9
51.7 ± 12.5
133 (80.1)
146 (88.0)
133 (80.1)
44 (26.5)

94 (94.9)
5 (5.1)
36.0 ± 20.6
49.7 ± 12.2
80 (80.8)
82 (82.8)
80 (80.8)
18 (18.2)

22 (32.8)
45 (67.2)
27.2 ± 14.4
54.8 ± 12.4
53 (79.1)
64 (95.5)
53 (79.1)
26 (38.8)

<.001
<.01
.002
.009
.79
.014
.79
.003

N 5 189

N 5 108 (57.1)

N 5 81 (42.9)

17.5 ± 16.9
26 (13.8)

20.4 ± 18.6
12 (11.1)

13.6 ± 13.3
14 (17.3)

.013
.65

95 (47.5)
34 (17)
63 (33.3)

70 (64.8)
15 (13.9)
23 (21.3)

25 (30.9)
19 (23.5)
40 (49.4)

.025
.77
.65

54
45
42
38

38
22
26
18

16
23
16
20

.073
.08
.68
.15

(30.2)
(25.1)
(23.5)
(21.2)

(36.5)
(21.2)
(25.0)
(17.3)

(21.3)
(30.7)
(21.3)
(26.7)

8 (4.2)
103 (54.5)
59 (31.2)
19 (10.1)
0 (0)

4 (3)
62 (62.6)
31 (28.7)
9 (8.3)
0 (0)

4 (6.3)
41 (50.6)
28 (34.6)
10 (12.3)
0 (0)

NA
.88
.77
NA
NA

146 (77.2)
43 (22.8)
45 (23.8)

77 (71.3)
31 (28.7)
7 (6.5)

69 (85.2)
12 (14.8)
38 (46.9)

.62
.12
.27
NA

189 (98.5)
3 (1.6)
6.8 ± 5.6
16.8 ± 10.4

107 (99.1)
1 (0.9)
7.8 ± 5.8
18.7 ± 10.6

79 (97.5)
2 (2.5)
2.6 ± 1.0
8.9 ± 4.3

NA
.002

Values expressed as number (No. [%]) and mean ± standard deviation (SD), p values significance < .05, NA: not available.
RFA: radiofrequency ablation.
b
TI-RADS: Thyroid Imaging Reporting and Data System.
c
FNAC: fine needle aspiration cytology.
d
CNB: core needle biopsy.
a

Table 4. Comparison of volume reduction over time and between radiofrequency and laser ablation.
Groups
Nodule volume
Baseline (mL), mean ± SD
6 weeks (mL), mean ± SD
6 months(mL), mean ± SD
12 months (mL), mean ± SD
18 months (mL), mean ± SD
Percentage of reduction
0 – 6 weeks (%), median (IQR)
0 – 6 months (%), median (IQR)
0 – 12 months (%), median (IQR)
0 – 18 months (%), median (IQR)

n

RFAa

n

Laser ablation

p-adjusted

108
106
97
94
91

20.4 ± 18.6
10.9 ± 12.6
7.0 ± 8.3
6.7 ± 8.9
5.8 ± 6.6

81
69
73
68
63

13.6 ± 13.3
8.5 ± 8.7
5.2 ± 7.3
4.5 ± 8.4
3.4 ± 4.1

.013

50.0 (38.0 to 65.0)
68.2 (56.0 to 76.0)
72.2 (61.3 to 82.0)
75 (64.6 to 83.3)

40.3
69.7
83.6
83.9

(25.0
(55.6
(60.4
(64.0

to
to
to
to

51.2)
81.8)
90.0)
90.7)

<.0001
.87
.51
.71

Values are expressed as mean ± standard deviation (SD). Percentage reduction is expressed as median (IQR). p values significance <.05. p values adjusted for age, baseline nodule volume, nodule structure, TI-RADS classification and nodule vascularization. N: number of nodule at
each time (follow-up).
a
RFA: radiofrequency ablation. Percentage decrease significantly differed when comparing RFA to laser ablation treatment at 6 weeks
(p < .0001), but not at the other times.

In both patients with transient recurrent laryngeal nerve palsy,
symptoms completely regressed after 1 and 3 months, respectively. Two subcutaneous abscesses and one compressive hematoma occurred within the first 48 h in the laser ablation group.
They were surgically drained without further complications.
Peri- and post-procedural pains were the main side
effects, concerning 92 out of 166 patients (55.4%). The pain

did not exceed 4/10 on a visual analog scale (VAS), did not
last for more than a week and was successfully treated with
category 1 or 2 painkillers. Pain complaints were comparable
in the RFA and laser ablation groups (57.6% vs. 53%). Seven
postprocedure cases of transient dysphonia (4.2%) were also
observed in the whole cohort, but a systematic postprocedural laryngoscopy did not identify any vocal cord
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Table 5. Comparison of the safety and efficacy in the two groups at the last post-thermal ablation evaluation.
Groups
Patients’ parameters
Clinical data (No. [%])
Cervical complaint disappearance, n/Nwith neck complaint before treatment (%)
Esthetic complaint disappearance, n/Nwith esthetic complaint before treatment (%)
Dysphagia disappearance, n/Nwith dysphagia before treatment (%)
Nodule regrowth
Total thyroidectomy after treatment
Radioiodine therapy after treatment
Adverse eventsa (No. [%])
Major complication
Horner’s syndrome
Transient recurrent laryngeal nerve palsy
Compressive hematoma
Sub-cutaneous abscess
Minor complication
Transient dysphonia
Nodule rupture with conservative treatment
Benign hematoma
Side effects
Per or post procedure painb
Thyroiditis (US)
Hyperthyroidism
Skin burn

p-adjusted
RFA vs. laser

Whole cohort
N ¼ 166

RFAa
N ¼ 99 (59.6)

122/146
113/133
38/44
16/166
3/166
1/166

(83.6)
(84.9)
(86.4)
(13.8)
(1.8)
(0.6)

71/82
70/80
15/18
5
2
0

(86.6)
(87.5)
(83.3)
(4.6)
(2)
(0)

51/64
43/53
23/26
11
1
1

(79.7)
(81.2)
(88.5)
(13.9)
(1.5)
(1.5)

.17
.54
.44
NA
NA
NA

5/166
0
2/166
1/166
2/166
25/166
7/166
2/166
16
101/166
92/166
6/166
3/166
0

(3.0)
(0)
(1.2)
(0.6)
(1.2)
(15.1)
(4.2)
(1.2)
(13.8)
(60.8)
(55.4)
(3.6)
(1.8)
(0)

2
0
2
0
0
19
6
2
11
64
57
4
3
0

(2)
(0)
(2)
(0)
(0)
(19.2)
(6.1)
(2)
(11.1)
(64.6)
(57.6)
(4)
(3)
(0)

3
0
0
1
2
6
1
0
5
37
35
2
0
0

(4.5)
(0)
(0)
(1.5)
(3)
(8.9)
(1.5)
(0)
(7.6)
(55.2)
(53)
(3)
(0)
(0)

1.00

Laser ablation
N ¼ 67 (40.4)

.20

.65

Values expressed as number (No. [%]) and mean ± standard deviation (SD). p values significance <.05. p values adjusted for age, baseline nodule volume, nodule
structure, TI-RADS classification and nodule vascularization. NA: not available. aRFA: radiofrequency ablation.
Adverse events according to SIR guidelines.
b
Pain was evaluated with a visual analog scale and did not exceed 4/10.
a

dysfunction. Hyperthyroidism (low TSH level) after thermal
ablation occurred in three cases (1.8%), including one patient
who developed Grave’s disease (TRAb negative before the
procedure, becoming detectable) without orbitopathy, in the
first month after the procedure and who required antithyroid
therapy. No hyperthyroidism recurred during the clinical and
biological follow-up. No new cases of hypothyroidism or
hypoparathyroidism were observed during the 18 months of
follow-up.

Clinical efficacy and volume reduction
All results are shown in Tables 4 and 5. The nodule volumes
decreased significantly in the two groups (75% in the RFA
and 84% in the laser ablation groups). Anterior cervical discomfort, esthetic discomfort and dysphagia were significantly
reduced over the 18-month follow-up period.
Reduction percentages differed significantly when RFA
was compared with laser ablation treatment at 6 weeks
(p < .0001), but not at 6 months (p ¼ .87), 12 months (p ¼ .51)
or 18 months (p ¼ .71) (Figure 2).
Five nodules (4.6%) in the RFA group and eleven (13.9%)
in the laser ablation group recurred in the first 6 months,
one of which was contemporaneous with hormone treatment for infertility. Three patients (1.8%) ultimately had surgery (total thyroidectomy or lobectomy) due to the
persistence or recurrence of anterior cervical discomfort.

Subgroups analysis
Autonomously functioning nodule (AFN vs. non-AFN group)
Twenty-six patients (13.8%) had hot nodules on thyroid scintigraphy. Ten patients out of the 13 (76.9%) who underwent
TA for hyperthyroidism had regressive hyperthyroidism

symptoms, a significant reduction in nodule volume (p < .05)
and normalization of TSH levels. We did not find any difference regarding the adverse events (12 adverse events in AFN
vs. 83 in non-AFN, p ¼ .51), the number of nodule regrowth
(2 nodule regrowth in AFN vs. 14 in non-AFN, p ¼ .83), the
delivered energy (7.02 ± 5.89 kJ for AFN vs. 4.70 ± 3.0 kJ for
non-AFN, p ¼ .17) and the duration of the procedure
(12.33 ± 5.27 min for AFN vs. 17.49 ± 10.82 min for non-AFN,
p ¼ .07). In AFN group, the percentage of volume reduction
did not differ between RFA and LA, whereas in non-AFN
group, percentage of volume reduction was significantly
higher with RFA than LA (p < .0001). All the analysis were
adjusted on pre-defined factors.

Nodule structure
In the whole cohort, we treated 95 (47.5%) solid nodules (70
in RFA group (64.8%) vs. 25 in laser ablation group (30.9%),
p ¼ .025), 34 (17%) cystic nodules (15 in RFA group (13.9%)
vs. 19 in laser ablation group (23.5%), p ¼ .77) and 63 (33.3%)
mixed nodules (23 in RFA group (21.3%) vs. 40 in laser ablation group (49.4%), p ¼ .65) (Table 3). We did not find any
difference concerning the adverse events between RFA and
laser ablation, regarding the three nodule structures:
IC
95%
[0.483–2.109],
p ¼ .38;
ORsolid6¼cystic ¼ 1.009,
ORcystic6¼mixed ¼ 0.557, IC 95% [0.217–1.431], p ¼ .47;
ORsolid6¼mixed ¼ 1.280, IC 95% [0.657–2.494], p ¼ .42. We found
a significantly higher number of volume regrowth in the
‘solid nodule’ group than in the ‘mixed nodule’ group:
ORsolid6¼mixed ¼ 21.840, IC 95% (2.584–184.564), p ¼ .0038,
regardless of the techniques used. We did not find any difference concerning the delivered energy, regardless of the
nodule structure and the techniques used. Finally, the percentage of volume reduction of solid nodules did not differ
between RFA and laser ablation. Regarding cystic and mixed
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Figure 2. Median nodule volume reduction over time, in the two interventional groups. Percentage decrease significantly differed when comparing RFA to laser
ablation treatment at 6 weeks (p < .0001). p value significance < .05;  Not statistically significant.

nodules, RFA was more efficient than laser ablation,
p < .0001 and p ¼ .0003, respectively.

Period-effect
A higher volume reduction at 6 and 12 months (p < .05) and
a lower incidence of adverse events (p < .05) was observed
for nodules treated in 2016 and 2017 compared with those
treated in 2013 and 2014. The duration of the procedure was
longer (p < .001), the volume regrowth (OR ¼ 16.540, IC
95% [1.840–148.645], p ¼ .012) and the delivered energy was
lower (p < .001) at the beginning of the study than for more
recently treated nodules (2013, 2014 vs. 2015, 2016, 2017).

Discussion
The purpose of our study was to assess the safety and efficacy of the two main techniques used for thermal ablation
of benign thyroid nodules, over a period of 18 months
(Figures 3 and 4). We found 3% of – all regressive – major
adverse events and around 15% of minor adverse events
related to thermal ablation. These two techniques showed
similar efficacy at 18 months on volume reduction of benign
TNs reaching 75 to 84%, regardless of the initial size of the
nodule, the technique used and the center. It is one of the
first and largest study to assess these techniques in a
European country outside of Asian and Italian centers, which
first investigated these procedures.
Our study has, however, some limitations: we used a
retrospective non randomized approach; therefore, inherent
selection bias was unavoidable even with adjustment on predefined factors.
Nevertheless, patient recruitment, procedure and the follow-up were carried out in a standardized manner with very

few missing data up till 12 months and an acceptable level
of “loss to follow-up” patients at 18 months (RFA: 15.7% and
laser ablation: 22.2%).
Adverse events were observed in 3% of cases which is
not completely negligible but lower than with surgery and
all regressive. Of note is the fact that 70% of them were
observed in the first era. This underlines the need for formalized practical training and the identification of the “danger
zone” to choose the most appropriate technique. These serious adverse events were regressive, in contrast with surgery,
which is complicated by definitive recurrent laryngeal nerve
palsy in 1 to 6% of cases [49], voice changes in 5 to 25% of
cases [50] and hypoparathyroidism in 1 to 12% of cases
[51,52]. Although the efficacy was similar in reducing symptoms, a comparative study (surgery vs. RFA) [53] showed that
the frequency of complications was higher with surgery for
the treatment of nodular goiters (6% vs. 1%). In our cohort,
no permanent adverse events were reported at 18 months.
Previous data have shown that 30 to 44% of post-lobectomy
patients develop hypothyroidism and then require lifelong Lthyroxine replacement therapy [54–56]. In our cohort, no
cases of hypothyroidism or hypoparathyroidism were
reported. We observed 3 cases (1.7%) of hyperthyroidism, as
reported in previous studies [36,57] but none reported
Grave’s disease. Thus, the involvement of the TA procedure
on the occurrence of the Grave’s disease observed in our
cohort is unclear. In any case, this illustrates the importance
of the endocrine follow-up.
Concerning side effects, the pain felt during and after the
procedure never exceeded 4/10 (mild pain) on a visual analog scale; it was controlled by level 1 analgesics, and did not
persist over time, regardless of the techniques used. Over
half of the pain cases were caused by muscle contractures
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Figure 3. Ultrasound nodule features before and after procedure (radiofrequency procedure).

Figure 4. ‘pTA-UsNodule’: post-Thermal-Ablation Ultrasound Nodule. The electrode is introduced slowly in the nodule (A) after a peri-capsular anesthesia with lidocaine. The electrode is located one centimeter before the limits of the nodule (to avoid carotid and vagal nerve contact ¼ ‘danger zone’) (B). The micro bubbles
correspond to gas due to carbonization of the tissue (hyper-echoic aspect) (C). The electrode was slowly removed until the anterior limit (see bubbles around the
nodule) (D).
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related to hyperextension of the neck during the procedure,
which could be improved by better patient positioning [58].
Concerning efficacy, the results are concordant with other
- all retrospective - series of literature, that have included
100 to 1500 patients followed until 5 years, with safety and
efficacy analysis [23,34,38,47]. These results mean that the
technique is reproducible from a country to another, if it is
performed in standardized conditions. The reduction of clinical symptoms and nodule volume was early and significant
in the two groups; however none of the two techniques
showed superiority over another, except at six weeks when
radiofrequency had better results than laser. This result could
be explain by the distinct characteristic of RFA which is performed with an electrode using the moving-shot approach,
and the energy is applied all over the nodule (rapidly alternating electric current ! vibration movement of the tissue’s
bipolar molecules ! transmit between adjacent molecules
! frictional energy loss ! deposit in the biological tissues
! hyperthermia ! “coagulation” necrosis). In contrast, the
energy is generally applied on a well-delimited area of tissue
with laser ablation. The volume reduction was sustained in
the mid-long term (18 months) with the two techniques.
Recurrence occurred less often with RFA than with laser ablation. It is noteworthy that the volume reduction was less significant and the incidence of adverse events was higher at
the beginning of our work compared to more recent procedures. This could be explained by shorter procedure duration
despite higher delivered energy.
Concerning indications, our study included a subgroup
analysis according to the function and the structure of the
nodules. The results show that the two techniques have similar efficacy for the treatment of autonomously functioning
nodules but for cold nodule, RFA seem more efficient than
laser ablation, confirming the data from literature [31,59].
Besides, a recent retrospective study that compared a singlesession of RFA with radioiodine therapy did not show any
differences concerning nodule volume reduction, but emphasized that RFA was effective in all patients with no case of
post-treatment clinical hypothyroidism, and with no radiation
exposure [60]. We highlighted a significant number of volume regrowth in solid nodule group than in mixed nodule
group, regardless of the techniques used. We observed that
for solid nodule, there was no difference between RFA and
laser ablation concerning the percentage of volume reduction, but for cystic and mixed nodules, RFA seemed more
efficient than laser ablation. This indicates that a nodule
expert cartography must be carried out in the first place,
with all the explorations performed in a standardized way to
target precisely the indications and the technique to be
used, and to provide clear information to the patient on the
benefits and risks of the treatment. Indeed and in contrast
with TA, surgery has the advantage of definitively treating
benign nodules and allows a complete pathological study.
Although we observed recurrence more frequently with laser
ablation than RFA (about 11% vs. 5%), ending in surgery for
three patients, the recurrences (regrowth) were not related
to misrecognized cancers. These techniques may open up
perspectives for the treatment of primary or locally

recurrent thyroid carcinomas, particularly in non-operable
patients [29,61].
Although it was not the aim of this study, the comparison
of the cost-effectiveness of thermal ablation and surgery is
of interest. Indeed, the cost of the consumable for the radiofrequency ablation ranges from 550 to 1,040 euros ($585 to
$1,180), approximately 350 euros ($395) for one laser fiber,
with at least two fibers per procedure. The cost of total thyroidectomy (International Classification of Diseases (ICD-10)),
for the surgical procedure itself is 460 euros ($540), and
then, in most of cases, it requires a lifelong L-thyroxine
replacement therapy (about 240 euros ($267) per year for a
mean dose of 75 mgr/day). The thermal ablation is performed
in an outpatient setting and therefore does not demand any
hospitalization as opposed to surgery, which requires at least
one night of monitoring (about 1500 euros ($1750)) for simple post-operative care. Finally, the duration of sick leave is
shorter after thermal ablation ranging from 1 to 7 days as
opposed to 10 to 30 days in case of surgery (French National
Authority for Health, www.has-sante.fr) [62]. Therefore thermal ablation seems less expensive even if we consider follow-up duration (18 months), the necessity of several
procedures in rare cases of large nodules, and ultimate possible need for surgery (1.8% of patients in this series). In addition, the surgical management of benign nodules is still
debated, despite the development of robot-assisted surgery,
which is particularly widespread in Asia compared with
Europe and France [63]. A socio-economic study comparing
the cost of the two techniques and the different surgical
methods would be of great interest, taking into account the
average length of stay in hospitals (ALOS) and the work
leave after thyroidectomy, which may vary a lot from one
country to another in Europe.

Conclusion
This bicentric cohort study shows that TA of benign TNs was
associated with an overall 3% frequency of transient serious
adverse events, mainly due to a learning curve. The nodule
volume decreased overall by two-thirds, regardless of
the technique.
Long-term follow-up is necessary to determine the prognostic factors of regrowth. However, as a first-line alternative
treatment, TA appears to be a reasonable option for more
than 30% of nodules that are usually treated by surgery. It
responds to the patients’ and physicians’ increasing demands
to conserve thyroid function. Nevertheless, it should be performed in expert centers and should be carefully evaluated
in case of doubtful or malignant nodules, for which surgery
remains the gold standard treatment [64].
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