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Learning 
Objectives

➢ To become familiar with minimally
invasive treatments (MIT)

➢ To consider them as alternative to          
follow-up or surgery for selected
thyroid patients.
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Surgery is the 
standard 

therapy for 
symptomatic 

thyroid nodules

• Surgery is safe, in high-
volume centers, but:

• is expensive

• is followed by neck scarring

• may affect thyroid function

• carries risk of complications 

• may influence quality of life.

Ann Surg Oncol (2014) 21:3719–3720



Current surgery practice for thyroid lesions

Bartsch DK et al J Clin Med 2019

Data from 17702 patients who underwent surgery in 83 Surgical Departments from April 2017 to July 2018
Database of the German Society for General Surgery and German Society of Endocrine Surgeons
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Ethanol ablation:                                                               
an office-based and easy procedure



Ethanol Ablation limitations: volume decrease
at 10 years according to nodules structure
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So, in 1993, we started considering innovative tools

ENEA Research Center, Frascati Regina Apostolorum Hospital, Albano, Rome



Solid nodules: the beginning of thermal ablation 
techniques

Laser, MW and RF use electromagnetic energy

LASER

MW RFLaser



Differences in 
Ablation 

Techniques

LASER, MW and RF energy absorption induces 

different tissue changes:

• LASER: electron vibration

• MW: polar molecules rotation (dielectric 
absorption)

• RF: ions agitation and frictional heating  



Histologic examination: central cavitation area, rim of

carbonization, coagulative necrosis, peripheral edema.
Regina Apostolorum, 2000Regina Apostolorum

Radiology, 2020



Laser Ablation Procedure

Ospedale Regina Apostolorum



• Moving shot technique with trans-isthmic
approach

• Nodule subdivision in multiple small
"ablation units"

• The electrode-needle is initially positioned in
the most distal and posterior units of the
nodule

• Progressive needle repositioning toward the
more superficial areas.

Radiofrequency procedure

Regina Apostolorum



Radiofrequency procedure

Regina Apostolorum



MicroWaves procedure

• Modified multishot technique with trans-isthmic
approach

• Folding-fan movement"

• Larger ablation volum

• Lower number of repositionings of the device

• Shorter treatment time

Regina Apostolorum



US touch 
screen

Mobile arm

Motorized 
head

US-emitting 
and receiving 

probe

High Intensity Focused Ultrasound (HIFU)

• Different physical principles
• Completely non-invasive procedure
• Focusing of high energy ultrasound 

(US) waves on a small target area 
• US waves cause coagulative necrosis 

through mechanical and thermic
damage

• Thermic effect is achieved means
tissue vibration and generation of 
frictional heat.



High Intensity Focused Ultrasound procedure

Regina Apostolorum
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Outcomes 
and current 

level of 
evidence

• Large single-center and multicenter retrospective
and prospective studies, as well as RCTs

• Mean volume decrease at 12 months: 60-90% 

• Results consistent across different institutions 
and stable in the long-term. 

• Nodule re-growth in a minority (5-20%) of cases 
at 5 years 

• Amelioration of cosmetic concerns and pressure 
symptoms in most patients after treatment.



Long-term efficacy of LA for benign solid thyroid nodules. 
Results of a three-year multicenter prospective randomized trial

Papinii E et al. J Clin Endocrinol Metab 2014

• Partial regrowth: 5%

• Local symptoms:                 

38 → 8%

• Cosmetic signs:            

72 → 16%

• Transient vocal cord 

paresis: 1%

• Mild fever: 4%



Outcomes and Risk Factors for Complications of Laser Ablation 
for Thyroid Nodules: A Multicenter Study on 1531 Patients

Pacella CM et al. J Clin Endocrinol Metab 2015

Symptoms 49%→10%

Cosmetic sign 86%→8.0%

Voice changes 0.5%

Minor complications       0.5%

-70%



Prospective study of effectiveness of RFA versus control 
group in patients affected by benign thyroid nodules

Cosmetic score Symptom score

Cesareo R et al. J Clin Endocrinol Metab 2015



Efficacy and Safety of RFA for Benign Thyroid Nodules
A Prospective Multicenter Study

Jung SL et al. Korean J Radiol 2018

Female 87.5%

Age 46 yr

Volume 14.2 mL

Number RF 1.3

❖ 1 session in 206 patients 

❖ 2 sessions in 70 patients

276
198

128 57
6



• 943 patients receiving MWA or RFA 
in

• the years of 2018 and 2019 

• 1:1 propensity score matching

• 289 pairs of patients matched

• no significant difference between the 
two groups in operative duration, 
intraoperative blood loss, 
hospitalization time, overall cost,

• similar quality of life scores, 
complication rates or volume 
reduction rates

Frontiers in Endocrinology, March 2021 Volume 12 



International Journal of Hyperthermia, 

37:1,1301-1309

• 65 patients (mean age 51.1 ± 14.0 years; 86% 
women) with single thyroid nodule 

• mean baseline nodule volume: 9.8 ± 10.3mL 
• treated with a mean energy of 7.1 ± 3.1 kJ (2.0 - 15.5 

kJ)
• Median nodule volume reduction: 31.5% (38.6% -

23.1%) at 12months and 31.9% (36.4% - 16.1%) at 36 
months



Some variables may influence the outcomes
Radiofrequency ablation for benign thyroid nodules 
according to different US features

US structure Vascularity

Deandrea M et al. Eur J Endocrinol 2019

Energy delivered (j/mL)
Nodule volume (mL)



Mauri G, Papini E, Bernardi S et al.  Accepted: 29 July 2021

• 361 patients treated with LTA or RFA 
• Nodule volume significantly reduced at all 

time points (median volume reduction 
58% at 6-month and 60% at 12-month)

• Serum TSH increased significantly at all 
time points. 

• Anti-thyroid therapy withdrawn in 38.9% 
at 6 months, and in 41.3% at 12 months. 

• A significant difference in the rate of 
patients who withdrew medical therapy 
at 12 months between small (< 10 ml) 
(74%), medium (49%), or large (> 30 ml) 
nodules (19%). 

• A single major complication (0.25%).
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LASER

RF

MW

Ablation morphology and devices’ gauge

21G

18G

16-18G



Multifiber Laser Ablation: Trans-isthmic 
approach 



Multifiber Laser Ablation: Trans-isthmic 
approach 



RF ablation: moving shots technique



RF ablation: moving shots technique



RF ablation: moving shots technique



MW ablation: Modified multishot
technique



MW ablation: Modified multishot
technique



MW ablation: Modified multishot
technique



Learning Curve

Energy J/ml

Patient N°

0

10

20

30

40

50

60

70

80

90

100

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69

RADIOFREQUENCYRéduction en % Réduction en %

0

10

20

30

40

50

60

70

80

90

100

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81

Patient N°

LASER

Courtesy of Gilles Russ



Learning Curve

0

200

400

600

800

1000

1200

1400

1600

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95

Courtesy of Gilles Russ

Energy in J/ml

N pz

Regrowth after
treatment

50 patients
threshold



Pre-operatory Checklist 

Neck ultrasound examination

Symptom & cosmetic Score

Laboratory
Rule out:
• Bleeding disorders
• Thyroid function changes

Citology
• ≥ 2 FNA/CNB demonstrating a benign condition
• ≥ 1 FNA/CNB if the lesion is clearly benign at US (EU-TIRADS 2)
• ≥ 1 FNA/CNB if the lesion is hyperfunctioning (AFTN)

Laryngoscopy Patients with previous neck surgery or with voice changes

TC/RMN Selected cases (large nodular goiter)

Scintigraphy Hyperfunctioning nodules



Pre-treatment US assessment

Ha EJ, Baek JH, Lee JH. Ultrasonography-Based Thyroidal and Perithyroidal Anatomy

and Its Clinical Significance. Korean J Radiol. 2015;16(4):749-766.

• Nodule volume, for treatment 
planning and as the baseline for
post-treatment follow-up

• Nodule structure, margins, and 
vascularization

• Anatomic landmarks for a safe
ablation procedure:
➢ Tracheoesofageal groove
➢ Anterior jugular vein
➢ Vagus nerve
➢ Sympathic chain



Post-operatory Check list

Neck Ultrasound
• Assess the actual volume of ablation (Doppler, CEUS)

for potential subsequent treatment 
• Rule out peri-operatory complications

Ice pack

Anti-inflammatory
drugs

• FANS immediately after the procedure (mostly parenteral)
• Paracetamole during the following 24-48 h
• Steroids and antibiotics are usually not needed

Voice Laringoscopy in case of voice changes or persistent cough, only

Observation

Control of the patient for 60’ and check before discharge for:
- Worsening pain
- Voice changes
- Dysphagia or dyspnea
- Local edema and dolorability
- Fever



Local bleeding

• Minor intracapsular bleeding is not
infrequent

• Rapidly expanding hypoechoic signal that 
appears:
➢ Intra-nodular: at the moment of device

insertion
➢ Peri-capsular: at the end of the procedure

• Blood collection usually disappears in 2 –
7 days

• Greater risk with large bore devices
• Local pressure at the end of the 

procedure prevents/limits local bleeding.

Warfarin 5 days before the procedure

Antiplatelet
(aspirin, clopidogrel)

7 days before the procedure

Direct oral
anticoagulants
(dabigatran, 
rivaroxaban, 

apixaban)

24 hours before the 
procedure

Radiofrequency ablation and related ultrasound-guided ablation technologies for treatment of
benign and malignant thyroid disease: An international multidisciplinary consensus statement of
the American Head and Neck Society Endocrine Surgery Section with the Asia Pacific Society of
Thyroid Surgery, Associazione Medici Endocrinologi, British Association of Endocrine and Thyroid
Surgeons, European Thyroid Association, Italian Society of Endocrine Surgery Units, Korean Society
of Thyroid Radiology, Latin American Thyroid Society, and Thyroid Nodules Therapies Association.
Head Neck. 2022;44(3):633-660. doi:10.1002/hed.26960



Laringeal nerve dysfunction & Hydrodissection

• RLN damage is immediately followed by cough, voice 
changes and, rarely, dyspnea and dysphagia

• Possible causes
➢ Direct thermic damage
➢ Stunning of the RLN due to lydocaine
➢ Stretching of RLN due to large haematoma
➢ Inflammation and fibrosis

• Reported in about 5% of patients; spontaneously recovering
in most cases

• Hydrodissection may be used for RLN protection:                        
5% dextrose solution slowly injected between the danger 
zone and the target area (arrow)

• Laringoscopic assessment followed by prednisone and 
phoniatric rehabilitation.



Louise: not only thermal ablation 

Louise, 36 years
Sudden discomfort and appearance of a lump 
in the cervical region.

Thyroid US:
«Cystic lesion, 27 x 23 x 29 mm,  right thyroid 
lobe»
Normal thyroid hormone profile.

Relapse of the lump one week after drainage of 
10 ml of bloody fluid.

Benign cytology.

❖ Ethanol injection is her best option



Daniel: he did not care

Daniel, 28 years, sportman
Nodular goiter since 10 years

Increasing cervical discomfort

Thyroid US: «large 40 x 30 x 54 mm 
inhomogeneous nodule of the right 
lobe within an enlarged thyroid gland»
Benign cytology.

❖We are a bit late for thermal 
ablation. 
Now we prefer surgery.



Joan: TA is the best option for this busy woman

Joan S, 56 years
Thyroid nodule since 8 years
First thyroid US (2012): «25 x 22 x 32 
mm, right thyroid lobe»
Slowly increasing lump in the cervical 
region.
Thyroid US (2020): «40 x 34 x 33 mm 
right thyroid lobe».

Normal thyroid hormone profile.
Benign cytology.

❖ Thermal ablation perfectly suits her
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2020 ETA  Clinical Practice Guideline 
for the Use of Thermo-ablation in 
Benign Thyroid Nodules

Papini E, Monpeyssen H, Frasoldati A, Hegedus L

Eur Thyroid J, 2020 



Clinical 
indications of 

Thermal ablation 
(TA) procedures 

In patients with benign thyroid nodules, that 
cause pressure symptoms and/or cosmetic 
concerns, thermal ablation (TA) should be 
considered as a cost- and risk-effective 
alternative option to surgery or observation 
alone. 



What the 
patients should 
be informed 
about

The various management options, including 
observation, TA or surgery, and their advantages 
and limitations 

The modalities of TA treatment and potential 
complications 

The expected decrease of nodule size, usually not 
associated with complete disappearance 

The possible regrowth over time. 



Thermal 
ablation of 

solid nodules 

Based on thorough assessment, long-term 
experience and balance between efficacy and  
side-effects, LTA and RFA are recommended as       
the first-line TA treatment modalities

LTA: Laser ablation; RFA: Radio frequency ablation; 



TA of 
multinodular 

goiters

Due to the expected need of repeat treatment, 
TA should be restricted to patients with a well-
defined dominant nodule who are not 
candidates for thyroid surgery or radioactive 
iodine treatment, as a palliative therapy option. 



TA of cystic 
nodules 

Because of higher cost and complexity, as 
compared to ethanol ablation, TA is not 
recommended as a first line treatment for pure         
or dominantly cystic thyroid lesions

LTA and RFA should be considered therapeutic 
options for cystic lesions that relapse after ethanol 
ablation and for those that would remain 
symptomatic due to a large residual solid 
component. 



TA of AFTN We recommend against TA as first-line treatment 
for AFTN

To avoid irradiation and risk of hypothyroidism, LTA 
and RFA may be considered in patients with a small 
AFTN and incomplete suppression of peri-nodular 
thyroid tissue, or for patients who are not 
candidates for RAI therapy or surgery. 





Radiofrequency Ablation and Related Ultrasound-Guided Ablation Technologies for 
Treatment of Benign and Malignant Thyroid Disease: 
An International Multidisciplinary Consensus Statement of the American Head and Neck 
Society Endocrine Surgery Section with the Asia Pacific Society of Thyroid Surgery, 
Associazione Medici Endocrinologi, British Association of Endocrine and Thyroid 
Surgeons, European Thyroid Association, Italian Society of Endocrine Surgery Units, 
Korean Society of Thyroid Radiology, Latin American Thyroid Society, and Thyroid Nodules 
Therapies Association



Thank you

• In memory of my  friend 
Claudio Maurizio 
Pacella, pioneer of 
thyroid thermal ablation 
procedures

• Presentation of the preliminary 
experimental data on thermal 
ablation, Rome, 1994.



Thank You for                   
your attention

Khalil Gibran
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