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Noduli tiroidei 
•  La prevalenza ecografica di noduli tiroidei è del 50-70% nella 

popolazione generale 

•  La malignità è presente nel 5-10% dei casi 

•  La maggior parte dei noduli benigni è asintomatica e cresce lentamente 

•  I noduli benigni asintomatici non necessitano di trattamento 

•  Noduli benigni asintomatici: follow-up clinico ed ecografico ogni 12-24 
mesi 
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Noduli tiroidei 

•  Circa il 10% dei noduli benigni è 
sintomatico   

•  Circa il 15% dei noduli benigni 
tende a crescere 

•  La FNAB conferma quasi sempre 
la natura benigna del nodulo in 
accrescimento 

Copyright 2015 American Medical Association. All rights reserved.

irregular margins, and the fine-needle aspirate was suspi-
cious. In 2 other patients, malignancy was diagnosed in a nod-
ule that had not been visualized at baseline. In one case, it was
noted for the first time during the 3-year follow-up ultra-
sound study. In the other patient, the malignant nodule was
never visualized sonographically. It was discovered inciden-
tally after thyroidectomy prompted by changes (suspicious ul-
trasound features, indeterminate cytology) in the single nod-
ule visualized at baseline. The latter lesion ultimately proved
to be a follicular adenoma, but a previously undetected nod-
ule was histologically diagnosed as a 3-mm papillary thyroid
carcinoma.

Baseline Variables Associated With Original Nodule Growth
In bivariable analysis (Table 2), nodule growth during fol-
low-up was significantly associated with lesion number and
size at baseline and nulliparity and premenopausal age in
women. All baseline variables were entered into an adjusted
multivariable logistic regression model (Table 1). The pres-
ence of multiple nodules, main nodule volumes of more than
0.2 mL, and male sex were associated with nodule growth,
whereas an age of 60 years or more was associated with a lower
risk of growth. In women, multiple nodules, larger nodule vol-
umes, and nulliparity were associated with nodule growth. Nei-
ther sonographic features nor serum thyrotropin levels were
associated with nodule growth.

RECPAM analysis identified 6 patient subgroups charac-
terized by increasing risk of original nodule growth (Figure 2
and eTable 2 in the Supplement). The largest diameter of the
main nodule at baseline was the most relevant correlate of sub-
sequent growth. Growth was least likely in patients whose larg-
est nodule diameter was 7.5 mm or less (class 1), the referents
for the other 5 classes. By class, the odds ratios (OR) ranged
from 2.8 (95% CI, 1.2-6.8) for class 2, 9.2% of patients, to 20.7
(95% CI, 8.6-50.1) for class 6, 42.7% of patients. Patients 43 years
or older with multinodular disease and with the largest nod-
ule diameter exceeding 7.5 mm had the highest likelihood of
nodule growth during follow-up (class 6). Older patients with
comparable disease features exhibited a lower odds, which
were dependent on body mass index (BMI), calculated as
weight in kilograms divided by height in meters squared:
among 32.5% of patients who had a BMI of 28.6 or higher had
an OR of 13.4 (95% CI, 5.5-32.6) (class 5) and among 18.0% of
patients with a BMI of 28.6 or lower had an OR of 6.1 (95% CI,
2.6-14.2) (class 4). Patients who had presented with a solitary
nodule whose largest diameter exceeded 7.5 mm, growth was
more likely among the 14.9% of patients aged 51 years or
younger (OR, 4.9; 95% CI, 2.1-11.2) than 9.2% of those older than
51 years (OR, 2.8; 95% CI, 1.2-6.8) (classes 3 and 2). When mul-
tiple logistic regression was repeated with the RECPAM classes
forced into the model (eTable 3 in the Supplement), no addi-
tional variables were associated with nodule growth.

Discussion
This prospective study was undertaken to define the natural
history of cytologically benign and small sonographically

nonsuspicious asymptomatic thyroid nodules over 5 years
of follow-up. We found that the vast majority of nodules
present at baseline exhibited no significant size change dur-
ing this period or they actually decreased in size. Growth
considered significant by American Thyroid Association stan-
dards was observed in only 15% of the patients. Growth was
slow, steady, and limited in magnitude, with a mean 5-year
largest diameter increase of 4.9 mm, and which was generally
restricted to the main nodule in patients with multinodular
disease. Nodule size changes occurred early, starting from
the 1-year follow-up visit. On the basis of the RECPAM analy-
sis, the most relevant baseline characteristics associated with
nodule growth were multinodular disease, nodule diameters
of 7.5 mm or more, and age at diagnosis of 43 years or less.
Growth of solitary nodules was less likely, and also inversely
associated with age. Among older patients with multiple

Figure 1. Changes in Thyroid Nodule Size and Volume During the First
5 Years of Follow-up

12

0.5

1.0

1.5

2.0

No. of nodules that

No. of patients

Grew
Remained stable

4.0

3.5

3.0

2.5

0

Vo
lu

m
e,

 m
L

Follow-up, y
Baseline 1 2 3 4 5

992 992 963 946 902 875

174 174 170 157 144 131
1188 1188 1170 1155 1115 1096

205 205 197 188 173 161

8

10

6

14

22

20

18

16

4

La
rg

es
t D

ia
m

et
er

, m
m

Follow-up, y
Baseline 1 2 3 4 5

Shrank

Nodules that grew
Nodules that remained stable
Nodules that shrank

Change in thyroid nodule size

Change in thyroid nodule volume

Nodule growth occurred in 174 (11.1%) of the 1567 nodules present at baseline;
1188 (75.8%) remained stable and 205 (13.1%) shrank. Graphs represent the
estimated mean with 95% CIs of the maximum diameters and volumes of
thyroid nodules. An analysis of variance for repeated measures was carried out
to evaluate the change in thyroid nodule size over 5 years of follow-up.
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Noduli	caldi	in	fase	di		
autonomia	funzionale	

Disturbi		
compressivi	

Problemi	cosmetici	

Noduli	tiroidei	
sintomatici	

Noduli tiroidei benigni sintomatici 



Roma,	8-11	novembre	2018	

	

Disturbi		
compressivi	

Problemi	cosmetici	
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Noduli tiroidei benigni  

Noduli tiroidei benigni, in accrescimento/sintomatici 
 
•  La terapia medica non è raccomandata 

•  La terapia chirurgica è sicuramente risolutiva 
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Chirurgia del nodulo tiroideo benigno 

Vantaggi 
•  Rapida risoluzione dei sintomi 

•  Sicura in Centri ad “alto volume 
chirurgico”  

•  MA……..  

Svantaggi 
•  Elevati costi 

•  Rischio operatorio 
 
•  Possibile ipotiroidismo 

•  Complicanze post-chirurgiche permanenti, 
e comunque non sempre rare 

•  Danno estetico permanente 

•  Alcuni pazienti rifiutano la chirurgia 
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Abbiamo alternative 
alla chirurgia? 

Noduli tiroidei benigni 
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Tecniche mini-invasive, 
ecoguidate, non chirurgiche  

!  Percutaneous Ethanol Injection (PEI)  

!  Thermal ablation techniques  

! Radiofrequency ablation (RFA) 

!  Laser ablation (LA) 

! Microwave ablation (MWA)  

! High-intensity Focused UltraSound (HIFU) ablation 
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Noduli benigni sintomatici 

•  Noduli cistici o prevalentemente cistici 

•  Noduli solidi o prevalentemente solidi 

•  Noduli iperfunzionanti/autonomi 
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Noduli benigni cistici 

Simona, 32 anni 
•  Nodulo prevalentemente cistico del lobo 

destro 
•  Volume nodulare 34 ml (5.5 x 5 x 2.4 cm), 

in incremento 
•  Normale funzione tiroidea 
•  Calcitonina normale 
•  Disturbi compressivi 
•  Danno estetico 
•  Già data indicazione chirurgica 
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Noduli cistici 

•  Il 15-25% dei noduli tiroidei è cistico o prevalentemente cistico 

•  La percentuale di liquido è variabile, almeno 20% del volume 

•  Il 18-37% delle exeresi chirurgiche tiroidee è eseguito per noduli 
cistici  

McHenry	CR	et	all	Surgery,	1999	
Bennedbaek	and	Hegedus,	JCEM	2003	
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Differente componente cistica 
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Gestione del nodulo cistico 

•  Agoaspirato con aspirazione e svuotamento della cisti:  
  procedura diagnostica (esame citologico) 
  procedura terapeutica 

•  Agoaspirato anche su porzione solida del nodulo, se presente 

Rischio di malignità varia dal 2% al 18% 

Kim	DW	et	al,	AJNR	2010	
Nam-Goong	IS	et	al,	Clin	Endorinol	2004	
Bellantone	R	et	al,	Thyroid	2004	
McHenry	Cret	al,	Surgery	1999	



Roma,	8-11	novembre	2018	

	

Nodulo tiroideo cistico 
Svuotamento	

Recidiva	dopo	1	mese	Recidiva dopo la semplice aspirazione: 80-90% delle cisti 
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Alcolizzazione	
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PEI of Cystic Thyroid Nodules 
% volume reduction after 1 yr  
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Nodulo tiroideo cistico 
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Volume 0,05 ml (- 99,4%) 

Volume 8.2 ml 
Volume 0.73 ml (- 89%) 

Volume 0.07 ml (- 99.1%) 

PEI	

1	mese	

6	mesi	

12	mesi	12 mesi 

Alcolizzazione (PEI): efficacia 
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Pre-alcoolizzazione Post-alcoolizzazione 

Alcolizzazione di cisti tiroidea 

Volume: 31.2 ml Volume: 0.01 ml 

Riduzione del volume nodulare del 99.9% 
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Percutaneous Ethanol Injection (PEI) 
 in cystic thyroid nodules: empty body vs mixed cysts 
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PEI: long-term follow-up 

 
•  5-year follow-up after PEI   

(58 cases) 
•  Median treatments: 2 
•  Effective: decrease >75%             

and improvement of local 
symptoms 

•  Ineffective: decrease <75% 
or persistence of local 
symptoms 86%

11%
3%

effective ineffective relapse

Guglielmi R et al, Thyroid 2004 
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Raggiunti	et	al.	Journal	of	Ultrasound	2009	

PEI: long-term follow-up 
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Single-Session Treatment of Benign Cystic Thyroid 
Nodules with Ethanol versus Radiofrequency Ablation: 
A Prospective Randomized Study 

•  Results: the mean volume reduction was 96.9% in ethanol 
ablation (EA) and 93.3% in radiofrequency (RF) ablation 

•  Conclusion: EA may be the first-line treatment modality for 
cystic thyroid nodules, which has comparable therapeutic 
efficacy to, but is less expensive than, RF ablation 

  

Sung	JY	et	al,	Radiology	2013		

Benign Cystic Thyroid Nodules: Ethanol 
versus Radiofrequency Ablation 
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Costo materiali di consumo PEI 
Prodotto	 Costo	con	IVA	

Sodio	cloruro	0.9	%	1fl	da	10	ml		 0.060	

Alcool	95%	1	fl	da	10	ml	 2.948	

Lidocaina	cloridrato	1	fl	da	5ml		 0.197	

Ago	ipodermico	 0.018	

Tubicino	prolunga	 2.013	

Provetta	15	ml	tappo	a	vite	 0.119	

Siringa	20	ml		 0.088	

Siringa	10	ml		 0.059	

Siringa	5	ml		 0.040	

TOTALE	MATERIALE	DI	CONSUMO	 5.500	

UOS	Ambulatorio	e	DH	Endocrinologico,		
Azienda	Ospedaliero-Universitaria	Sant’Andrea,	Roma		
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PEI cisti tiroidee 

Vantaggi 
•  Rapida riduzione del volume nodulare 
•  Nessun danno estetico permanente 
•  Lieve o assente dolore locale 
•  Non ipotiroidismo 
•  Costi esigui 
•  Non anestesia generale 
•  Non tecnologia avanzata 
•  Procedura ambulatoriale 
•  Pochi minuti (10-15) 

Svantaggi 
•  Persistenza del nodulo tiroideo  

•  corretta valutazione citologica 
•  necessità di follow-up 

•  Necessità di un operatore esperto 
•  Possibilità di ripetere la procedura  
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Alcolizzazione (PEI):  
possibili indicazioni 

•  Noduli tiroidei cistici 

•  Noduli tiroidei solidi benigni “caldi” e “freddi” 

•  Paratiroidi 

•  Metastasi linfonodali di carcinoma papillare tiroideo 
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7.2.4. Percutaneous ethanol injection for benign nodules 
 

•  Percutaneous ethanol injection (PEI) is a safe and effective outpatient therapy for thyroid cysts and complex 
nodules with a large fluid component [BEL 1, GRADE A] 

•  Sample carefully the solid component of complex lesions before doing PEI [BEL 3, GRADE B] 

•  PEI is recommended as the first-line treatment for relapsing benign cystic lesions [BEL 1, GRADE A] 

•  PEI is not recommended for solid nodules, whether hyperfunctioning or not, or for MNGs. This procedure may be 
considered for hot nodules having compressive symptoms only when other treatment modalities are not accessible 
[BEL 2, GRADE A]  

AACE/ACE/AME Guidelines 2016 

Gharib	H	et	al,	Endocrine	Practice	2016	
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Noduli benigni sintomatici 

•  Noduli cistici o prevalentemente cistici 

•  Noduli solidi o prevalentemente solidi 

•  Noduli iperfunzionanti 
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Francesco, 42 anni 
•  Nodulo tiroideo solido, lobo sinistro 
•  Volume nodulare 29 ml (4.5 x 2.9 x 4.3 cm) 
•  Lento e progressivo accrescimento negli 

ultimi 5 anni 
•  Due volte Tir 2 
•  Disturbi compressivi 
•  Normale funzione tiroidea 
•  Calcitonina normale 
•  Rifiuta la chirurgia 

Noduli solidi benigni 
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Abbiamo alternative 
alla chirurgia? 

Noduli tiroidei solidi benigni 
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Nodulo tiroideo: Terapie Mininvasive (MIT) 

 
Obiettivo 

"  Ridurre il volume dei noduli e ridurre/eliminare i sintomi locali correlati 

"  Evitare la tiroidectomia e le complicanze chirurgiche 

"  Prevenire la progressiva crescita del nodulo 

Procedure Termo-Ablative nel nodulo tiroideo benigno 
 
"  Laser 
"  Radiofrequenza 
"  Microwave  
"  High-intensity focused US (HIFU) 
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LASER ABLATION (LA) 

Papini E et al, 2014 

Table 2 Clinical outcomes of patients with symptomatic benign thyroid nodules treated with laser ablation.

Author Pts/nodules no. RCT

US patterna

Solid-cystic

Baseline

(vol ml mean)

Nodule

function

hot/cold no. Laser source

Energy load

(J/ml mean)

Number of

sessions

(mean) FU mo

Volume

reduction

(% mean)

Dossing et al. (2002) (81) 16 Solid 10.0 Cold 820 diode 761 (median) 1 6 46
Dossing et al. (2003) (84) 1 Solid 8.2 Hot 820 diode 1 9 40 (median)
Spiezia et al. (2003) (97) 12 Solid 3.2/11.1 7/5 Nd:YAG 1/2.2 12 74/61
Pacella et al. (2004) (82) 24 Solid 8.0/22.7 16/8 Nd:YAG 816/788 2.7/4.1 6 62/63
Papini et al. (2004) (98) 20 Solid 24.1 Cold Nd:YAG 300 2.2 6 64
Dossing et al. (2005) (85) 15 vs 15 Yes Solid 8.2 Cold 820 diode 224 (median) 1 6 44 (median)
Dossing et al. (2006) (87) 10 Cystic-solid 9.6 Cold 820 diode 254 (median) 1 12 57 (median)
Amabile et al. (2006) (83) 23 Solid 15.0 Cold 980 diode 33 1.2 3 36
Dossing et al. (2006) (86)b 15 vs 15 Yes Solid 10.1/10.7 Cold 820 diode 262 vs 412 1 6 45 vs 58

(median)
Gambelunghe et al. (2006) (99) 13 vs 13 Yes Solid 8.2 7c/13 vs 6c/3 Nd:YAG 1900

(median)
1 30 weeks 44

Cakir et al. (2006) (92) 12/15 Solid 11.9 Cold 810 diode 2726 1.5 12 82
Barbaro et al. (2007) (100) 18 Solid 21.1 Hot Nd:YAG 3 12 59
Dossing et al. (2007) (88)d 14 vs 15 Yes Solid 10.6/11.2 Hot 820 diode 217 1 6 44 (median)
Papini et al. (2007) (101)e 21 vs 21 vs 20 Yes Solid 11.7/13.6/12.1 Cold Nd:YAG 1221 1 12 O40
Valcavi et al. (2008) (102) 119 Solid 24.8 Cold Nd:YAG 1 12 56
Valcavi et al. (2008) (102) 1 Solid 2.5 Hot Nd:YAG 1 CR
Rotondi et al. (2009) (96) 1 Solid 55.0 Hot 980 diode 4 10 91
Valcavi et al. (2010) (103)f 122 Solid 23.1 Cold Nd:YAG 484 (median

per
nodule)

1 36 48

Dossing et al. (2011) (89) 78 Yes Solid 8.2 Cold 820 diode 242 (median) 1 67 51 (median)
Amabile et al. (2011) (91)g 78 Solid 55.3/55.3 51/26 980 diode 391/379 3.2 cycle 12 81.3/81.9
Gambelunghe et al. (2013) (80)h 20/20 Solid 15/14 Cold Nd:YAG 71/579

(median)
1 36 C11/57

Gambelunghe et al. (2013)
(104)i

50/50 Solid 21/21 Cold Nd:YAG 502/499 1 6 55/56
(median)

Dossing et al. (2013) (90)i 22 vs 22 Yes Mixed 10.0/11.8 Cold 820 diode 83 (median) 1 6 26 vs 73
(median)

Pts, patients; CR, complete response.
aUniformly solid or predominantly solid with not more than 20% fluid component.
bOne laser session vs three laser sessions.
cRetrospective comparison between patients treated with local anesthetic and patients treated without local anesthetic.
dRCT comparing single LAT session vs single radioiodine dose.
ePatients treated with laser energy vs patients treated with L-T4 or not treated.
fThe energy was delivered continuously while retracting the applicators in a single session.
gThe energy was delivered continuously while extracting the needle. All patients were addressd to one to three cycles of LAT. Each cycle consisted of three LAT sessions at an interval of 1 month.
hRetrospective comparison between a group treated with low amount of energy and the group treated with a high amount of energy.
iRCT comparing aspiration alone vs aspiration with subsequent LAT in recurrent predominanlty cystic thyroid nodules.

European Journal of Endocrinology
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Italian	Multicenter	Study	on	Laser	Ablation	of	
Cold	Thyroid		Nodules.	Three-Year	Results		

	
	

Mean	volume	changes	(%)	at	6,	12,	24,	and	36	months	respect	to	baseline	values																														
in	Group	1	(active	treatment,	101	cases)	and	Group	2	(99	controls)	

Group 1 

Group 2 

JC&M 2014, in press 

36 months 24 months 12 months 6 months 

Papini	et	et	al	.	JCE&M	2014	
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	 Outcomes and Risk Factors for Complications of Laser
Ablation for Thyroid Nodules: A Multicenter Study on
1531 Patients

C. M. Pacella, G. Mauri, G. Achille, D. Barbaro, G. Bizzarri, P. De Feo,
E. Di Stasio, R. Esposito, G. Gambelunghe, I. Misischi, B. Raggiunti, T. Rago,
G. L. Patelli, S. D’Este, P. Vitti, and E. Papini

Department of Diagnostic Imaging (C.M.P., G.B.), and Department of Endocrinology (I.M., E.P.), Regina
Apostolorum Hospital, 00041 Albano Laziale, Italy; Department of Diagnostic Imaging and Interventional
Oncology Unit (G.M.), Circolo Hospital of Busto Arsizio, 21052 Busto Arsizio, Italy; Cervico-Facial
Ultrasound Diagnostic and Interventional Unit (G.A.), Institute of Oncology, 70126 Bari, Italy;
Endocrinology Unit (D.B.), Azienda S.L.6 Livorno, 46080 Livorno, Italy; Department of Internal Medicine
(P.D.F., G.G.), University of Perugia, 06100 Perugia, Italy; Institute of Biochemistry and Clinical
Biochemistry (E.D.S.), Catholic University “Sacro Cuore,” 00168 Rome, Italy; Endocrinology Unit (R.E.),
S. S. Annunziata Hospital, 50121 Cosenza, Italy; Endocrinology Unit (B.R.), Atri Hospital, 87071 Atri,
Italy; Department of Endocrinology (T.R., P.V.), University of Pisa, 56127 Pisa, Italy; and Department of
Interventional Radiology (G.L.P., S.D.), Pesenti-Fenaroli Hospital, 24022 Alzano Lombardo, Italy

Background: Image-guided laser ablation therapy (LAT) of benign thyroid nodules demonstrated
favorable results in randomized trials with fixed modalities of treatment. The aim of this retrospective
multicenter study was to assess the effectiveness, tolerability, and complications of LAT in a large
consecutive series of patients from centers using this technique in their routine clinical activity.

Patients: Clinical records of 1534 consecutive laser-treated nodules in 1531 patients from eight Italian
thyroid referral centers were assessed. Inclusion criteria were as follows: solid or mixed nodules with
fluid component up to 40%; benign cytological findings; and normal thyroid function.

Methods: LAT was performed with a fixed-power protocol, whereas the number of applicators and
illumination times were different according to target size. From one to three illuminations with pull-
back technique and with a total energy delivery based on the nodule volume were performed during
the same session. Patients were evaluated during LAT, within 30 days, and 12 months after the procedure.

Results: Total number of treatments was 1837; 1280 (83%) of nodules had a single LAT session.
Mean nodule volume decreased from 27 ! 24 mL at baseline to 8 ! 8 mL 12 months after treatment
(P " .001). Mean nodule volume reduction was 72% ! 11% (range 48%–96%). This figure was
significantly greater in mixed nodules (79% ! 7%; range 70%–92%) because they were drained
immediately before laser illumination. Symptoms improved from 49% to 10% of cases (P " .001)
and evidence of cosmetic signs from 86% to 8% of cases (P " .001). Seventeen complications (0.9%)
were registered. Eight patients (0.5%) experienced transitory voice changes that completely re-
solved at the ear-nose-throat examination within 2–84 days. Nine minor complications (0.5%) were
reported. No changes in thyroid function or autoimmunity were observed.

Conclusions: Real practice confirmed LAT as a clinically effective, reproducible, and rapid outpa-
tient procedure. Treatments were well tolerated and risk of major complications was very low.
(J Clin Endocrinol Metab 100: 3903–3910, 2015)
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Abbreviations: BTN, benign thyroid nodule; FT4, free T4; LAT, laser ablation therapy; US-g,
ultrasound guided.
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Outcomes and Risk Factors for Complications of Laser
Ablation for Thyroid Nodules: A Multicenter Study on
1531 Patients

C. M. Pacella, G. Mauri, G. Achille, D. Barbaro, G. Bizzarri, P. De Feo,
E. Di Stasio, R. Esposito, G. Gambelunghe, I. Misischi, B. Raggiunti, T. Rago,
G. L. Patelli, S. D’Este, P. Vitti, and E. Papini

Department of Diagnostic Imaging (C.M.P., G.B.), and Department of Endocrinology (I.M., E.P.), Regina
Apostolorum Hospital, 00041 Albano Laziale, Italy; Department of Diagnostic Imaging and Interventional
Oncology Unit (G.M.), Circolo Hospital of Busto Arsizio, 21052 Busto Arsizio, Italy; Cervico-Facial
Ultrasound Diagnostic and Interventional Unit (G.A.), Institute of Oncology, 70126 Bari, Italy;
Endocrinology Unit (D.B.), Azienda S.L.6 Livorno, 46080 Livorno, Italy; Department of Internal Medicine
(P.D.F., G.G.), University of Perugia, 06100 Perugia, Italy; Institute of Biochemistry and Clinical
Biochemistry (E.D.S.), Catholic University “Sacro Cuore,” 00168 Rome, Italy; Endocrinology Unit (R.E.),
S. S. Annunziata Hospital, 50121 Cosenza, Italy; Endocrinology Unit (B.R.), Atri Hospital, 87071 Atri,
Italy; Department of Endocrinology (T.R., P.V.), University of Pisa, 56127 Pisa, Italy; and Department of
Interventional Radiology (G.L.P., S.D.), Pesenti-Fenaroli Hospital, 24022 Alzano Lombardo, Italy

Background: Image-guided laser ablation therapy (LAT) of benign thyroid nodules demonstrated
favorable results in randomized trials with fixed modalities of treatment. The aim of this retrospective
multicenter study was to assess the effectiveness, tolerability, and complications of LAT in a large
consecutive series of patients from centers using this technique in their routine clinical activity.

Patients: Clinical records of 1534 consecutive laser-treated nodules in 1531 patients from eight Italian
thyroid referral centers were assessed. Inclusion criteria were as follows: solid or mixed nodules with
fluid component up to 40%; benign cytological findings; and normal thyroid function.

Methods: LAT was performed with a fixed-power protocol, whereas the number of applicators and
illumination times were different according to target size. From one to three illuminations with pull-
back technique and with a total energy delivery based on the nodule volume were performed during
the same session. Patients were evaluated during LAT, within 30 days, and 12 months after the procedure.

Results: Total number of treatments was 1837; 1280 (83%) of nodules had a single LAT session.
Mean nodule volume decreased from 27 ! 24 mL at baseline to 8 ! 8 mL 12 months after treatment
(P " .001). Mean nodule volume reduction was 72% ! 11% (range 48%–96%). This figure was
significantly greater in mixed nodules (79% ! 7%; range 70%–92%) because they were drained
immediately before laser illumination. Symptoms improved from 49% to 10% of cases (P " .001)
and evidence of cosmetic signs from 86% to 8% of cases (P " .001). Seventeen complications (0.9%)
were registered. Eight patients (0.5%) experienced transitory voice changes that completely re-
solved at the ear-nose-throat examination within 2–84 days. Nine minor complications (0.5%) were
reported. No changes in thyroid function or autoimmunity were observed.

Conclusions: Real practice confirmed LAT as a clinically effective, reproducible, and rapid outpa-
tient procedure. Treatments were well tolerated and risk of major complications was very low.
(J Clin Endocrinol Metab 100: 3903–3910, 2015)
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Nodulo tiroideo: Terapie Mininvasive (MIT) 

Procedure	Termo-Ablative	nel	nodulo	tiroideo	benigno	
	
"  Laser	
"  Radiofrequenza	
" Microonde	
"  High-intensity	focused	US	(HIFU)	
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Radiofrequency ablation (RFA) 

Garberoglio et al 2015 

Noduli tiroidei 
benigni 

Table 1 Published data about RF treatment of benign thyroid nodules

References Journal Treated
nodules

Control
group

US pattern (% of fluid
component)

Scintiscan Nodule volume at
baseline (ml)

RF electrode
type

RF
session
no.

Follow-up
months

Volume
reduction (%)

Kim [19] Thyroid 35 No Solid, mixed, cystic Cold 6.3 17G c–e 1 6.4 73

Spiezia
[22]

J Am Geriatr Soc 39 No 24 14G m–e 1–3 6 74

Jeong [20] Eur Radiol 302 No Solid, mixed, cystic 6.1 17G c–e 1–6 6 85

Baek [21] Thyroid 1 No Mixed Hot 5.1 17G c–e 19 97

Deandrea
[23]

Ultrasound Med
Biol

33 No Solid or mixed (\30 %) 23 Hot–10
cold

22.6–39.3 14G m–e 1 6 52–46

Spiezia
[24]

Thyroid 94 No Solid or mixed (\30 %) 28 Hot–66
cold

32.7–21.1 14G m–e 1–3 12 78

Spiezia
[24]

Thyroid Of whom
52

No Solid or mixed (\30 %) 14G m–e 1–3 24 79

Baek [25] World J Surg 9 No Solid, mixed, cystic Hot 15 17-18G c–e 1–4 6 71

Baek [26] Am J Roentgenol 15 Follow-up Solid or mixed Cold 7.5 18G c–e 1 6 80

Lee [35] World J Surg 27 No Cystic or mixed ([50 %) 14 18G c–e 1–4 6 92 PEI ? RF

Sung [33] Am J Roentgenol 21 RF vs PEI Cystic 10.2 17-18G c–e 1–3 6 92

Jang [36] Eur J Radiol 20 No Cystic or mixed ([50 %) 11.3 18G c–e 1–2 6 91 PEI ? RF

Huh [27] Radiology 15 vs 15 1 vs 2 RF
sessions

Solid or mixed (\50 %) Cold 13.3 vs 13.0 18G c–e 1 vs 2 6 70 vs 78 (ns)

Faggiano
[28]

J Clin Endocrinol
Metab

20 Follow-up Solid or mixed (\30 %) 10 Hot–10
cold

13.3 14G m–e 1 9 85

Lim [29] Eur Radiol 126 No Solid, mixed, cystic 9.8 17-18G c–e 1–7 49 93

Sung [34] Radiology 25 RF vs PEI Cystic 9.3 18G c–e 1 6 93

Turtulici
[32]

Ultrasound Med
Biol

45 No Cold 13.5 18G c–e 1 6 72

Sung [37] Thyroid 44 No Solid or mixed (\90 %) Hot 18.5 18G c–e 1–6 19.9 81

Cesareo
[31]

J Clin Endocrinol
Metab

42 Follow-up Solid or mixed (\30 %) Cold 24.5 17G c–e 1 6 68

Bernardi
[30]

Int J Endocrinol 37 Surgery Solid or mixed 12 Hot–25
cold

12.4 18G c–e 1–2 12 70

c–e Cooled electrode, m–e multitined electrode

426
J
U
ltrasound

(2015)
18:423–430

123
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Radiofrequency ablation of benign non-functioning thyroid 
nodules: 4-year follow-up results for 111 patients 

Variazioni  
del volume nodulare,  

dello score cosmetico,  
dello score dei sintomi  

e della percentuale di riduzione 
volumetrica rispetto al 

pretrattamento 

Lim HK et al, Eur. Radiol 2013 
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RFA vs volume 

Cesareo R et al, JCEM 2015 

<12ml 

12-30ml 

>30ml 

authors, we never wanted to induce deep sedation (29). On the
basis of previous experience, the procedure used included the
transisthmic approach along the short axis of the nodule, and the
nodules were managed with the moving-shot technique as de-
scribed elsewhere by Baek et al (18, 20). We adopted a variant of
the aforementioned technique, using 60 W of radiofrequency
outpower and exposure time needed to obtain a transient mul-
tiple hyperechoic zones as a sign of the effectiveness of ablation
maneuver. We also calculated the mean treatment time of every
single RFA session from the initial insertion of radiofrequency
needle into the thyroid nodule to final assessment of the treat-
ment session.

Statistical analysis
Statistical analysis was performed using IBM-SPSS Statistics

version 21. Descriptive statistics (median, mean, SD, range) were
computed on thyroid volume and other clinical variables. To
compare group mean values, an appropriate parametric test of
statistical significance (t test) was used, in which a Shapiro-Wilk
test indicated that the data conformed to a log-normal distribu-
tion. Otherwise, equivalent nonparametric test was used (Mann-
Whitney U test, Kruskal-Wallis test). Changes in within-subject
control or RFA between baseline, 1-month, and 6-month sam-
ples were analyzed using the Wilcoxon signed rank test. To test
statistical significance of the mean percentage of volumetric re-
duction between classes of nodules was applied nonparametric
test Kruskal-Wallis (one way ANOVA). To compare the degree

of variation from one data series to the other has been used the
coefficient of variation (also known as relative SD). The signif-
icance level was defined as P ! .05.

Results

Nodule volume
Characteristics and clinical data on groups A and B are

summarized in Table 1. At enrollment, the clinical data
showed no statistical difference between group A and
group B. TN volumes decreased in group A (17.5 ! 34.7
at 1 mo, 8.6 ! 9.5 at 6 mo), whereas it remained un-
changed in group B (27.6 ! 22.1 at 1 mo, 27.8 ! 22.1 at
6 mo). The difference between TN volumes in group A and
group B after 1 month and after 6 months was statistically
significant (P " .001). TN volumes in group A decreased
from 24.5 ! 19.6 to 12.7 ! 11.8 at 1 month and to 8.6 !
9.5 at 6 months (Table 2). In group A, the mean percentage
decrease of TN volume was 49.7% ! 14.5% at 1 month
and 68.5% ! 13.5%. at 6 months. The mean percentage
of volumetric reduction after 6 months in treated patients
differs significantly between the three classes of nodules

Table 1. Main Characteristics of the Study Population and Clinical Data at Baseline

Parameter Group A Group B P Value

n 42 42
Sex (males/females) 15/27 18/24 NS
Age, y 56 ! 14 (24–80) 53 ! 12 (30–76) NS
TN volume, mL 24.5 ! 19.6 (3.4–89) 27.5 ! 22.1 (3.2–90) NS
TSH, mIU/mL 2.1 ! 0.9 (0.6–4.1) 2.3 ! 1.1 (0.6–4.4) NS
Free T3, pg/mL 2.7 ! 0.6 (1.2–3.7) 2.6 ! 0.6 (1.8–3.6) NS
Free T4, pg/mL 1.2 ! 0.3 (0–1.7) 1.2 ! 0.4 (0–1.7) NS
Cosmetic score 2.6 ! 0.9 (1–4) 2.6 ! 1 (1–4) NS
Symptom score 2.8 ! 3.3 (0–10) 2.7 ! 3 (0–8) NS

Abbreviation: NS, not significant. Values are reported as mean ! SD (minimum-maximum).

Table 2. TN Volume (Milliliters) in RFA Group

Baseline 1 Month 6 Months

Whole group (n # 42)
TN volume 24.5 ! 19.6 17.5 ! 34.7a 8.6 ! 9.5a

TN volume variation, % $49.7 ! 14.5 $68.6 ! 13.5
Small (n # 10)

TN volume 7.4 ! 2.7 3 ! 1.2b 1.6 ! 1b

TN volume variation, % $57.5 ! 8.6 $78.2 ! 10.7
Medium (n # 21)

TN volume 18.1 ! 4.4 9.3 ! 3a 5.9 ! 2.5a

TN volume variation, % $47 ! 15 $67 ! 12.2
Large (n # 11)

TN volume 52.3 ! 17.5 27.8 ! 13.7c 20.1 ! 12.1b

TN volume variation, % $47.7 ! 16.3 $62.8 ! 14.8

Values are reported as mean ! SD. Differences in mean volumes are considered between value at 1 month and 6 month vs baseline.
a P " .001.
b P " .01.
c P ! .05.

462 Cesareo et al Radiofrequency Ablation for Thyroid Nodules J Clin Endocrinol Metab, February 2015, 100(2):460–466
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Radiofrequency Ablation 

	 
Visual	
scale 

Compressive	score	 
(n	of	patients) 
before 12	

months 
0 66 248 
1 2 18 
2 16 46 
3 41 9 
4 34 9 
5 57 7 
6 41 0 
7 34 0 
8 36 0 
9 9 0 
10 2 0 
MEDIAN 6.2 0.61 

	 
Clinical	

evaluation 

Cosmetic	score	(n	of	
patients) 

before 12	months 
1 1 147 
2 83 158 
3 115 30 
4 138 2 

MEDIAN 3.15 1.66 

Radiofrequency Ablation for Benign Thyroid Nodules according to 
different US features:  An Italian Multicentre Prospective Study 

Deandrea M et al, 2018  

-70% 
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RF: An Italian Multicentre Prospective Study 

	 Delivered	energy 
(Joule/vol) 

Volume	before 
(median) 

Volume	6	months 
(median) 

Volume	12	months 
(median) 

p 

Whole	group	(337	
nodules) 

2180	J/ml 20,7ml 7,3ml	(-63.5%) 6ml	(-70%) <0.001 

Volume	<15	ml	(103	
nodules) 

2940	J/ml 11,2ml 3,2ml 	2,5ml	(-76.7%)** **	<0.001 

Volume	15-30	ml	
(129	nodules) 

2200	J/ml 20,7ml 7,5ml 6,5ml	(-67.3%) 	 

Volume	>30	ml	(105	
nodules) 

1200	J/ml 41ml 16,6ml 15ml	(-66.7%) 	 

US	pattern	 E1 21ml 7,5ml 6,6ml	(-69%) 	 
	 E2 19,9ml 6,2ml 4,9ml	(-76%)** **0.01 
	 E3 22,1ml 8ml 6,9ml	(-68%) 	 
Vascularity	pattern V1 21,9ml 7,9ml 7,2ml	(-68,8%) 	 
	 V2 18,9ml 6,2ml 5,5ml	(-71%)** **<0.03 
	 V3 20,1ml 8,7ml 6,5ml	(-67,9%) 	 
Macrocalcifications M1 23ml 8,5ml 6,5ml	(-71,5%) **NS 
	 M2 20ml 6,9ml 6ml	(-70%) 	 
	 M3 24,8ml 9,5ml 8,2ml	(-69,8%) 	 

Deandrea M et al, 2018  
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	 Delivered	energy 

(Joule/vol) 
Volume	before 
(median) 

Volume	6	months 
(median) 

Volume	12	months 
(median) 

p 

Whole	group	(337	
nodules 

2180	J/ml 20,7ml 7,3ml	(-63.5%) 6ml	(-70%) <0.001 

Volume	<15	ml	(103	
nodules) 

2940	J/ml 11,2ml 3,2ml 	2,5ml	(-76.7%)** **	<0.001 

Volume	15-30	ml	
(129	nodules) 

2200	J/ml 20,7ml 7,5ml 6,5ml	(-67.3%) 	 

Volume	>30	ml	(105	
nodules) 

1200	J/ml 41ml 16,6ml 15ml	(-66.7%) 	 

US	pattern	 E1	(Mixed) 21ml 7,5ml 6,6ml	(-69%) 	 
	 E2	(Spongiform) 19,9ml 6,2ml 4,9ml	(-76%)** **0.01 
	 E3	(Solid) 22,1ml 8ml 6,9ml	(-68%) 	 
Vascularity	pattern V1 21,9ml 7,9ml 7,2ml	(-68,8%) 	 
	 V2 18,9ml 6,2ml 5,5ml	(-71%)** **<0.03 
	 V3 20,1ml 8,7ml 6,5ml	(-67,9%) 	 
Macrocalcifications M1 23ml 8,5ml 6,5ml	(-71,5%) **NS 
	 M2 20ml 6,9ml 6ml	(-70%) 	 
	 M3 24,8ml 9,5ml 8,2ml	(-69,8%) 	 

Deandrea M et al, 2018  

RF: An Italian Multicentre Prospective Study 
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	 Delivered	energy 

(Joule/vol) 
Volume	before 
(median) 

Volume	6	months 
(median) 

Volume	12	months 
(median) 

p 

Whole	group	(337	nodules 2180	J/ml 20,7ml 7,3ml	(-63.5%) 6ml	(-70%) <0.001 
Volume	<15	ml	(103	nodules) 2940	J/ml 11,2ml 3,2ml 	2,5ml	(-76.7%)** **	<0.001 
Volume	15-30	ml	(129	nodules) 2200	J/ml 20,7ml 7,5ml 6,5ml	(-67.3%) 	 
Volume	>30	ml	(105	nodules) 1200	J/ml 41ml 16,6ml 15ml	(-66.7%) 	 
US	pattern	 E1	(Mixed) 21ml 7,5ml 6,6ml	(-69%) 	 
	 E2	(Spongiform) 19,9ml 6,2ml 4,9ml	(-76%)** **0.01 
	 E3	(Solid) 22,1ml 8ml 6,9ml	(-68%) 	 
Vascularity	pattern V1	Intense	perinodular 21,9ml 7,9ml 7,2ml	(-68,8%) 	 
	 V2	Intra	and	perinodular 18,9ml 6,2ml 5,5ml	(-71%)** **<0.03 
	 V3	Weak	perinodular 20,1ml 8,7ml 6,5ml	(-67,9%) 	 
Macrocalcifications M1 23ml 8,5ml 6,5ml	(-71,5%) **NS 
	 M2 20ml 6,9ml 6ml	(-70%) 	 
	 M3 24,8ml 9,5ml 8,2ml	(-69,8%) 	 

Deandrea M et al, 2018  

RF: An Italian Multicentre Prospective Study 
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Francesco, 52 anni 
•  Nodulo tiroideo solido, lobo destro 
•  Volume nodulare 29 ml (4.5 x 2.9 x 4.3 cm) 
•  Lento e progressivo accrescimento negli 

ultimi 5 anni 
•  Due volte Tir 2 
•  Disturbi compressivi 
•  Normale funzione tiroidea 
•  Calcitonina normale 
•  Rifiuta la chirurgia 

Noduli solidi benigni 
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Francesco,	52-year	old:	
Radiofrequency	ablation	

	

	
12	months	

RF	

Volume	29	ml	
Local	symptoms	

Volume	3	ml	
	(-88.7%)	

No	local	symptoms	
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Terapie Mini-invasive  
CHI TRATTARE 

QUANDO TRATTARE UN NODULO SOLIDO O PREVALENTEMENTE SOLIDO? 
 
" Noduli tiroidei benigni: almeno due differenti agoaspirati (prelievi multipli)  
 
" Noduli sintomatici, con disturbi compressivi: sensazione di corpo estraneo, tosse, 

senso di soffocamento/pressione, dolore al collo, dispnea, disfagia, disfonia 

" Danno cosmetico 

" Noduli tiroidei in progressivo accrescimento 

" Pazienti con rischio operatorio o che rifiutano l’intervento 
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7.2.5. Image-guided Thermal Ablation for benign nodules 

"  Consider laser or radiofrequency ablation for the treatment of solid or complex 
thyroid nodules that progressively enlarge or are symptomatic or cause 
cosmetic concern [BEL 2, GRADE C] 

"  Repeat FNA for cytologic confirmation before thermal ablation treatment [BEL 3, 
GRADE B] 

 

AACE/ACE/AME Guidelines 2016 

Gharib	H	et	al,	Endocrine	Practice	2016	
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Noduli benigni sintomatici 

•  Noduli cistici o prevalentemente cistici 

•  Noduli solidi o prevalentemente solidi 

•  Noduli iperfunzionanti/autonomi 
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Noduli iperfunzionanti 
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7.2.6. Radioiodine Therapy for Benign Nodular Goiter 
 
"  Consider radioiodine therapy for hyperfunctioning and/or symptomatic goiter, especially for patients 

with previous thyroid surgery or at surgical risk and in those who decline surgery  [BEL 2, GRADE A].  

"  Perform FNA before radioiodine therapy on coexistent cold nodules, per the recommendations gives 
for nontoxic MNG [BEL 3, GRADE B].  

 

 

AACE/ACE/AME Guidelines 2016 

Gharib	H	et	al,	Endocrine	Practice	2016	
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Noduli tiroidei autonomi 

•  RFA e LA riducono il volume dei noduli iperfunzionanti 

•  In circa il 40-90% vi è una risoluzione dell’ipertiroidismo 

•  I risultati migliori si ottengono nei noduli di minor volume (< 10/13 ml) 

•  Nei noduli più voluminosi, il pre-trattamento del nodulo con RFA/LA rende 
più efficace la terapia con radio-iodio (terapia di combinazione) 

Dossing H et al, 2007 
Chianelli M et al, 2014 
Bernardi S et al, 2017 
Cesareo R et al, 2018 
Gambelunghe G et al, 2018  
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Noduli tiroidei autonomi 

Chianelli M et al, 2014 

Laboratory evaluation
Serum TSH (normal range, 0.2–4.0 mIU/mL), free T3 (range,

2.2–5.0 pg/mL), free T4 (range, 8.0–18.5 pg/mL), TgAb (range,
0.0–70.0 IU/mL), and TPOAb (range, 0.0–70.0 IU/mL) were
determined with commercially available radioimmunological
assay kits (Radim).

Statistical analysis
Results are expressed as mean ! SD. Student’s t test for paired

data was used to compare data within the same group; Student’s
t test for unpaired data was used to compare data between
groups.

Results

Baseline characteristics were not significantly different in
the two groups (Table 1). No complications occurred, as
assessed by post-procedure neck US, and discomfort was
minimal: mild cervical pain, self-resolving or controlled
with ketoprofen.

No differences were observed in baseline nodule vol-
ume between the two groups. Laser-induced nodule re-
duction depended on energy delivered with no relation to
nodule volume. Volume reduction was faster in patients
treated with laser treatment followed by 131I (group A).
Volume reduction was observed 1 month after LAT (base-
line volume, 27.7 ! 17.0 mL; vs 1-month volume, 23.5 !
14.9 mL; volume reduction, 16.6 ! 6.2%), with further
reduction 1 month after 131I. Two years after LAT, nod-
ule volume showed a reduction of 71.3 ! 13.4% (10.1 !
8.3 mL). In group B (131I), volume reduction at 2 years
was 47.4 ! 5.5% (baseline vs 2-y volume, 29.4 ! 10.6%;
15.3 ! 5.1 mL) and was slower and smaller at all time
points compared to group A (LAT"131I) (P # .001 at
1 y). Two months after initial treatment, local SYS dem-
onstrated a more rapid reduction in group A (LAT"131I)

(from 2.7 ! 1.3 to 1.7 ! 0.8, 1 month after 131I, 2 months
after LAT) than in group B (131I) (from 2.8 ! 1.3 to 2.4 !
1.2) (P $ .03). Two years later, no difference was
detectable.

TSH showed a progressive increase, reaching normal
values after 12 months in all patients. In group A
(LAT"131I), however, normalization of TSH occurred in
nine of 15 patients (60%) already 1 month after LAT; in
particular, in three of these patients radioiodine was not
necessary (nodule size was 3.8, 4, and 5 cm, respectively).
No relapse of hyperthyroidism was observed, and a sec-
ond 131I activity was not needed; treated nodules showed
slightly increased uptake at thyroid scintigraphy by the
residual vital nodule without inhibition of surrounding
normal tissue. No increase of TPOAb was registered. Late
hypothyroidism was only observed in one patient of group
A (LAT"131I).

In group A (LAT"131I), a reduction of about 6% in
131I 24-hour uptake and of 21.1 ! 8.1% in radioiodine-
administered activity was obtained after LAT. All patients
from group A (LAT"131I) were amenable to outpatient
radionuclide treatment with activities lower than 600
MBq (maximum activity that can be administered on an
outpatient basis in Italy) (average, 480.1 ! 119.6 MBq).
In group B (131I), higher activities were required (622.8 !
147.7 MBq; P $ .01), and eight of 17 (47.1%) patients
required hospitalization.

Discussion

131I is effective for the treatment of TTNs in the long term
(1, 3, 12). Volume reduction, however, is a slow process
that is wholly obtained 6 to 36 months after treatment.
Large TTNs are frequently considered a relative contra-

Table 1. Hormonal, Clinical, and Sonographic Changes in Group A (LAT"131I) at Baseline, at 1 Month (1 Month
After LAT), 2 Months (2 Months After LAT and 1 Month After 131I) at 12 and 24 Months (12 Months After LAT and
11 Months After 131I) and in Group B (131I) at Baseline and 1, 2, 12, and 24 Months After 131I

Months
Group

0 1 2 12 24

A B A B A B A B A B

Treatment No No LAT 131I LAT " 131I 131I LAT " 131I 131I LAT " 131I 131I
SYS 2.7 ! 1.3 2.8 ! 1.3 2.1 ! 1.0 2.7 ! 1.4 1.7 ! 0.8a 2.4 ! 1.2 1.2 ! 0.4 1.4 ! 0.6 1.1 ! 0.4 1.3 ! 0.5
Volume,

mL (US)
27.7. ! 17.0 29.4 ! 10.6 23.5 ! 14.9 27.5 ! 10.5 20.6 ! 13.5 25.3 ! 9.8 10.1 ! 9.3 15.4 ! 5.3 9.6 ! 8.9a 15.3 ! 5.1

Volume
reduction,
%

16.6 ! 6.2b 7.5 ! 3.6 27.8 ! 9.1b 15.0 ! 3.7 67.8 ! 13.2b 46.9 ! 5.3 71.3 ! 13.4b 47.4 ! 5.5

Free T3,
pg/mL

4.06 ! 0.66 4.12 ! 0.78 3.73 ! 0.72 4.01 ! 0.56 3.17 ! 1.18 3.52 ! 0.83 3.13 ! 0.45 3.29 ! 0.78 3.38 ! 0.80 3.31 ! 0.72

Free T4,
pg/mL

14.78 ! 4.64 15.02 ! 5.01 13.36 ! 3.99 13.96 ! 4.67 12.6 ! 5.12 13.43 ! 4.63 12.54 ! 5.43 12.37 ! 6.02 12.19 ! 4.84 12.38 ! 6.23

TSH, mIU/mL 0.04 ! 0.04 0.06 ! 0.06 0.66 ! 0.70 0.33 ! 0.21 0.87 ! 0.61a 0.40 ! 0.28 1.66 ! 1.02 1.48 ! 1.02 1.71 ! 1.12 1.57 ! 1.07

Normal range, TSH, 0.2–4.0 mIU/mL; free T3, 2.2–5.0 pg/mL; free T4, 8.0–18.5 pg/mL.
a P # .05; bP # .01, group A vs group B.

doi: 10.1210/jc.2013-2967 jcem.endojournals.org E1285

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 18 February 2015. at 06:04 For personal use only. No other uses without permission. . All rights reserved.
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Carla, 49 anni, affetta da: 
 
•  Tireopatia uninodulare 
•  Ipertiroidismo in trattamento con metimazolo (2 cp/die) 
•  Sintomi compressivi: intensità 9/10 
•  Segni compressivi: deviazione tracheale 
•  Danno estetico: nodulo visibile all’ispezione del collo (score 4) 
•  Visto il volume del nodulo (18.12 ml - D massimo 4.1 cm) non vi 

era indicazione a I131  
•  Veniva posta indicazione chirurgica che la paziente rifiutava 

 

Trattamento combinato RFA + I131 
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	 Volume iniziale 18.12 ml (DL 4.1 cm) Volume 4.9 ml (DL 3 cm) 

12 mesi dopo RFA (- 72.8%) 

A	1	anno	dal	trattamento	termoablativo	con	radiofrequenze	è	stata	trattata	con	10	mCi	di	I131	

21 mesi dopo RFA + I131 Volume finale 1 ml 
(DL 1.9 cm) 

Riduzione volumetrica totale ≈ 94% 

Trattamento combinato RFA + I131 
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Eutiroidismo 
Scomparsa dei sintomi e del danno estetico 

Trattamento combinato RFA + I131 

12 mesi dopo RTA (- 72.8%) 

I1
31

 

21 mesi dopo RFA + I131 

R
FA
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	 Vantaggi 
#  Efficace riduzione del volume nodulare 
#  Diminuzione/risoluzione dei sintomi locali 
#  Nessun danno estetico 
#  Lieve o assente dolore locale 
#  Complicanze rare e transitorie 
#  Non ipotiroidismo 
#  Costi non eccessivi, minori della chirurgia 
#  Non anestesia generale 
#  Non tecnologia avanzata 
#  Procedura ambulatoriale 
#  Pochi minuti (30-60) 

Svantaggi 
#  Persistenza del nodulo tiroideo  

•  corretta valutazione citologica 
•  necessità di follow-up 

#  Necessità di un operatore esperto 
#  Complicanze potenzialmente severe nel 

periodo di apprendimento 
#  Assenza di un lungo follow-up 
#  Possibilità di ripetere la procedura 

Terapie termo-ablative 
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High-intensity focused ultrasound (HIFU) 

HIFU is based on extracorporeal generation of ultrasound waves focused on an internal target. 
Energy propagates without damage through the skin to the inner focal point where the 
temperature has a sharp increase. 

with HIFU in a feasibility study. In the subsequent his-
topathological evaluation, changes such as necrosis were
found in 17 thyroid nodules (Esnault et al. 2011). Scin-
tigraphy was used to evaluate treatment response (Korkusuz
et al. 2014a, 2015a). Benign cold, indifferent or hyper-
functioning thyroid nodules can be successfully treated
with HIFU (Korkusuz et al. 2014a, 2015a). The volume
reduction after 3 mo ranged from 49% to 55% after a
single HIFU treatment. The retrospective study with the
largest study population (73 nodules) divided all nodules
into three groups based on pre-ablation nodule volume
and found that the reduction was significantly less for
nodules with volumes >30 mL. Overall median nodule
shrinkage was 68.3%. This association is related to the
fact that although total delivered energy increases with
nodule volume, energy per volume (kJ/mL) is not enough
for larger nodules (Lang et al. 2017). In the only prospec-
tive study with 20 patients, the volume reduction was
49% (Kovatcheva et al. 2015). Before treatment, the
median nodule volume was 5 mL and safety margins
were defined so that peripheral areas of the thyroid nodule
were located outside of the ablation region. No persis-
tent complications occurred during the follow up of
HIFU (Esnault et al. 2011; Korkusuz et al. 2014a, 2014c,
2015a, 2015d; Kovatcheva et al. 2015; Lang et al. 2017).
HIFU of benign thyroid nodules could be carried out
as an alternative therapy for nodules ≥10 mL if the nodules
are a sufficient distance from the trachea, carotid artery
and skin, and if patients refuse surgery, radioiodine
therapy and other more established local ablative treat-
ment options.

A

B

C

D

Fig. 9. Laser ablation of a nodal metastasis from papillary thyroid
carcinoma. Ultrasound and contrast-enhanced ultrasound (CEUS) ap-
pearance of the nodule before treatment (A). The procedure was
performed under local anesthesia with the insertion of two small-
caliber (21 G) needles (B). Gas forms in the treated nodule during
treatment (C). US and CEUS appearance after ablation. Note the lack
of enhancement in the CEUS image, indicating complete ablation (D).

Fig. 10. Non-invasive high-intensity focused ultrasound (HIFU,
echotherapy).

ARTICLE IN PRESS
14 Ultrasound in Medicine & Biology Volume ■■, Number ■■, 2017

HIFU of benign thyroid nodules is a non-invasive thermal ablation technique  
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HIFU INTERVENTIONAL

Two-year efficacy of single-session high-intensity focused ultrasound
(HIFU) ablation of benign thyroid nodules

Brian H. H. Lang1,2 & Yu-Cho Woo3 & Keith Wan-Hang Chiu4
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Abstract
Objectives Assessing the efficacy of single high-intensity focused ultrasound (HIFU) ablation in benign thyroid nodules beyond
12 months.
Methods One hundred and eight patients underwent single HIFU treatment. Extent of nodule shrinkage [by volume reduction
ratio (VRR)] and obstructive symptom score [by 0-10 visual analogue scale (VAS)] were evaluated for 24months after treatment.
VRR (%) was calculated based on the formula: [baseline volume – volume at visit] / [baseline volume] × 100. Binary logistic
regression was performed to evaluate factors associated with 24-month treatment success (VRR ≥ 50%).
Results After treatment, the mean (± SD) VRR at 3, 6, 12 ,18 and 24months were 51.32 ± 20.71%, 62.99 ± 22.05%, 68.66 ± 18.48%,
69.76 ± 17.88% and 70.41 ± 17.39%, respectively, while the median (IQR) VAS at baseline, 6, 12 and 24 months was gradually
lowered from 4.0 (2.0), 2.0 (1.0), 2.0 (1.0) to 1.0 (2.0), respectively. Sixty-three (58.3%) nodules had a further volume reduction (i.e. >
4.5%) from 12 to 24 months, while 22 (20.4%) nodules had a volume increase of > 4.5% from 12 to 24 months. Small pre-ablation
nodule volume was a significant determinant for treatment success at 24 months (OR=1.045, 95% CI=1.021–1.092, p = 0.038).
Conclusions A majority of nodules had further volume reduction beyond 12 months after single HIFU ablation, but since one-
fifth of nodules had a notable volume increase beyond 12 months, a longer period of surveillance would be necessary. Small pre-
ablation nodule volume was a significant factor determining 24-month treatment success.
Key Points
• Small but significant nodule shrinkage continues beyond 12 months after single treatment.
• Obstructive symptom continues to improve beyond 12 months after single treatment
• Smaller-sized nodules have a greater chance of treatment success at 24 months

Keywords Interventional ultrasonography . High-intensity focused ultrasound ablation . Treatment efficacy . Ultrasound
imaging . Ablation techniques

Abbreviations
HIFU High-intensity focused ultrasound
TSH Thyroid stimulating hormone

VCP Vocal cord palsy
VRR Volume reduction ratio

Introduction

Thyroid nodules are common. Although most are benign
and will remain relatively unchanged over time, some do
cause symptoms necessitating surgical resection [1–3].
However, surgery is not without risks and requires a gen-
eral anaesthesia and hospitalisation. As a result, there has
been an increasing interest in developing less invasive,
non-surgical techniques in treating benign thyroid nodules
[4, 5]. For predominantly solid or wholly solid nodules,
several image-guided thermal ablation techniques like
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normal movement) within the first 3 months. One other pa-
tient (0.9%) suffered Horner’s syndrome on the side of the
treatment. Her mild ptosis improved gradually over a period
of 6 months.

Extent of nodule shrinkage (VRR) and rate
of treatment success in the first 24 months

Following a single HIFU ablation, the overall nodule shrink-
age rate or VRR at 3, 6, 12, 18 and 24 months were 51.32 ±
20.71%, 62.99 ± 22.05%, 68.66 ± 18.48%, 69.76 ± 17.88%
and 70.41 ± 17.39%, respectively (Fig. 3). The rate of treat-
ment success at 3, 6, 12, 18 and 24 months was 42/108
(41.7%), 66/108 (61.1%), 73/108 (67.6%), 75/108 (69.4%)
and 76/108 (70.4%), respectively. In the first 12 months, all
of the nodules became progressively smaller in volume and
the 12-month nodule volume was the lowest recorded volume
relative to baseline. However, interestingly, despite the overall
volume reduction over the 24 months, 63 (58.3%) of nodules
had a further volume reduction (i.e. >4.5%) from 12 to 24
months. In this subgroup, the mean volume reduction (%)
was 9.9 ± 9.5%. There were 23 (21.3%) nodules which

remained static in volume from 12 to 24 months and there were
22 (20.4%) nodules which had a volume increase (i.e. >4.5%)
during this period. In this latter subgroup, the mean volume
increase (%) was 13.62 ± 9.60%. In terms of absolute volume
increase, the mean was 0.45 ± 0.67 mL and the largest absolute
increase was 3.10 mL (a nodule which measured 18.01 mL at
12 months became 21.11 mL at 24 months or a 17.2% increase
in volume). Nevertheless, none of these treated nodules fulfilled
the criteria for nodule regrowth (i.e. >20% from lowest record-
ed volume) in the first 24 months of follow-up.

Change in symptom score (by VAS) in the first 24
months

At baseline, the mean (± SD) symptom score by VAS was
4.12 ± 1.22 (median = 4.0; IQR = 2.0). Following treat-
ment, the mean symptom scores at 6, 12 and 24 months
were lowered relative to the baseline [2.57 ± 1.35 (median
= 2.0; IQR = 1.0), 1.56 ± 1.05 (median = 2.0; IQR = 1.0),
1.27 ± 1.04 (median = 1.0; IQR = 2.0), respectively] (Fig. 4).
At 6 months, 85 (78.7%) patients had a VAS score lower than
that at baseline. Among those who did not have a lower VAS
score, 20 (18.5%) patients had the same VAS score as that of
baseline, while only 3 (2.8%) patients reported a VAS score
higher than that of baseline. At 24 months, 103 (95.4%) pa-
tients had a lower VAS score than that of baseline and only 5
(4.6%) patients had the same VAS score as the baseline.

Association between VRR and symptom score (by
VAS) over time

At 6 months, patients reporting an improved symptom
score (i.e. reporting a lower 6-month VAS score than base-
line) (n = 85) had a significantly greater VRR than those
who reported a similar (n = 20) or a higher VAS (n = 3)

Fig. 3 Change in mean (± SD)
volume reduction ratio (VRR)
before and after single HIFU
treatment

Fig. 4 Change in mean (± SD) obstructive symptom score by visual
analogue scale before and after single HIFU treatment
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108 nodules, volume 13.09 ± 10.54 ml, maximum diameter 3.52 ± 1.11 cm 
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HIFU 

Recommendation 15. HIFU of benign thyroid nodules is a non-invasive thermal ablation 

technique that should be carried out as an alternative therapy for nodules ≤10 mL, if the 

nodules are in a sufficient distance from the trachea, carotid artery and skin, in patients who 

refuse surgery, radioiodine therapy and other more established minimally invasive local 

ablative treatment options (RFA, MWA, LA)  

STATEMENT AND RECOMMENDATIONS ON INTERVENTIONAL ULTRASOUND AS  
A THYROID DIAGNOSTIC AND TREATMENT PROCEDURE  

Dietrich CF et al 2018 
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Microwave Ablation 
Ultrasound guided percutaneous microwave ablation of benign thyroid nodules: 
Safety and imaging follow-up in 222 patients  

Yue W et al, 2013 

W.  Yue et al. / European Journal of Radiology 82 (2013) e11– e16 e13

Fig. 1. A 40-year-old woman had a mainly cystic nodule in the left lobe of her thyroid gland. And then here is the key procedure of the treatment. (A) Ultrasound examination
revealed the nodule to be 9.72 ml  in volume before microwave ablation. (B) Under local anesthesia, a mixture of 0.9% lidocaine and physiological saline was infused into
the  surrounding thyroid capsule to achieve a “liquid isolating region” (arrow), protecting the vital structures of the neck (carotid artery, trachea, esophagus, nerve) from the
thermal injury. (C) For mixed/mainly cystic nodules, we  performed microwave ablations only after aspiration of internal fluid. To extract the internal fluid of the nodule, a
20  ml  syringe was  usually used. (D) After aspiration of internal fluid, the size of the nodule reduced significantly. (E) During the microwave ablation, an internally cooled
microwave antenna (16G) was positioned in the thyroid nodule. Sonogram obtained during treatment shows typical hyperechoic region (arrow) surrounding antenna. (F)
At  follow-up ultra sonography examination 1-month after treatment, the volume of nodule was reduced to 0.58  ml,  6% of original (arrow).

3.1. Ultrasound imaging

At baseline there were 320 nodules appeared mainly solid,
136 mixed and 21 mainly cystic. During the whole procedure,
the microwave antenna was always clearly visualized with real-
time ultrasound as a hyperechoic line. After ablation, color power
doppler ultrasound showed a significant reduction of the vascular
signals, as a result of necrosis induced by microwave ablation. Also
non-enhancement was showed on enhanced-contrast ultrasound
(Fig. 5).

Though the echogenicity of the nodule was increased obviously
at the end of the procedure, it was lower than that observed before
ablation on the follow-up ultrasound examination.

3.2. The related clinical changes

Treatment was well tolerated. A mild sensation of heat in
the neck was experienced by most patients, whereas, no one

claimed the procedure to stop.8  patients (3.6%) complained of voice
changes, all recovering within 3 months spontaneously. Choking
and coughing at the end of treatment was present in 12 indi-
viduals, but this disappeared without any treatment, 8  patients
within 24 h, 4 a week respectively. No tranquilize medicines
were given before or after ablation. No cases of local infection,
skin burning or damage to the vital structures of the neck were
observed, and the needle tracks were all recovered within one
week. Prior to microwave ablation treatment, 2 patients had hyper-
thyroidism, the T3, fT4 decreased significantly at the subsequent
one month follow-up, and the clinical symptoms alleviated as
well.

Ultrasound guided biopsy performed immediately after the
ablation showed somewhat carbonization with naked eyes (Fig. 5),
and the light microscopy shows a reduction of thyroid folli-
cle in the coagulative necrosis, with the follicular epithelium
contracted the epithelium cell nucleus shrinked and solidified
obviously (Fig. 5).

There was a volume reduction of 80% for cystic nodules,  
72% for echo-complex nodules and 27% for solid nodules  

W.  Yue et al. / European Journal of Radiology 82 (2013) e11– e16 e15

Fig. 3. Mean volume of mainly solid, mixed and mainly cystic nodules at baseline
(time of microwave ablation) and at follow-up after treatment.

Fig. 4. Scatterplot between baseline volume and volume reduction rate.

ablation usually needs only one session of treatment to achieve
cure totally, making it more cost-and time-effective.

Another way to induce thyroid tissue necrosis by heat is
microwave ablation, as demonstrated by Wright et al. [16] in a
feasibility study in experimental animals. So far, only Bing Feng
et al. have reported a preliminary experience with this technique
to handle thyroid nodules.

The thermal ablations use some degree of heating to destroy tis-
sue, obtaining variable nodule volume reduction. On the basis of the
reports, the mean volume reduction radio of laser, radiofrequency
and microwave ablation was 44.0–62% [7,17,18], 50.9–84.1%
[5,19,20] and 45.99% (Bing Feng, unpublished data) respectively. In
our study, the mean nodule volume reduction ratio was 65 ± 65%
at the 6-month follow-up with 30.7% (n = 78) index nodules disap-
pearing. Regarding microwave ablation, Bing Feng et al. reported
that mixed/mainly cystic nodules showed a better treatment
response than the mainly solid tumors. This might be due to the
homogeneous conduction of heat, the absence of a heat sink effect
and removal of the cystic component. In our study, the mixed nod-
ules decrease in volume more than the mainly solid ones, and
the mainly cystic nodules got a better treatment than the mixed
.The results seems to be similar to the findings above. Besides, we

Fig. 5. A 48-year-old woman had a mainly solid nodule in the right lobe of her
thyroid gland. (A) Before and after microwave ablation, enhanced-contrast ultra-
sound was  performed on the patient. Pre-ablation the nodule was highly enhanced
on  enhanced-contrast ultrasound, whereas non-enhancement (arrow) was showed
after the treatment. (B) Ultrasound-guided biopsy was performed immediately after
the microwave ablation, and it showed somewhat carbonization (arrows) with
naked eyes. (C) Microscopic appearance of thyroid adenoma sample obtained imme-
diately after ablation. It showed a reduction of thyroid follicle, condensed colloid,
contracted follicular epithelium and shrunk epithelium nuclei (H–E staining, original
magnification: 100×).

also discovered that better volume reduction rate was obtained
in smaller nodules than in bigger ones. However, the reason was
still remain unknown and further trials were needed to answer the
question.

Thermal injury to the recurrent laryngeal nerve injury is a seri-
ous complication. Reports by thyroid surgeons show that recurrent
laryngeal nerve injury occurs temporarily in up to 2.3–9.8% of cases
and permanently in 1.1–2% [12]. Similarly, in ethanol, laser abla-
tion and radiofrequency ablation the incidence of transient was
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Microwave Ablation 

474 noduli benigni in 435 
pazienti: riduzione del volume 
medio a 1 anno 90%. 
 La riduzione volumetrica dei 
noduli prevalentemente cistici 
era maggiore rispetto ai noduli 
solidi o prevalentemente solidi. 
Non complicanze maggiori 

Experimental Biology and Medicine 2017 
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Terapie Mini-invasive 

PEI LA RFA MVA HIFU 

Indicazioni Noduli cistici o prevalent cistici ++++ ++ ++ ++ +? 

Noduli solidi o prevalent solidi + ++++ ++++ - ++ 
piccoli 

Noduli autonomi + +++ +++ - ? 

Efficacia ++++ ++++ ++++ ++? ++? 

Sicurezza ++++ +++ +++ -? +++? 

Formazione + +++ ++++ ++++? ++ 

Noduli tiroidei benigni 
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Terapie mini-invasive 
•  Le terapie mini-invasive sono indicate nei noduli tiroidei benigni sintomatici ed in 

accrescimento 

•  PEI è il trattamento di scelta per le cisti tiroidee benigne recidivanti  

•  Nei noduli solidi, non-funzionanti e autonomi, Laser (LA) e Radiofrequenza (RFA) 
sono entrambi efficaci (riduzione volumetrica > 50% e miglioramento sintomi 
locali), con risultati sovrapponibili 

•  LA e RFA non sono metodiche competitive 

•  La scelta di una tecnica dipende dall’esperienza/disponibilità personale/locale 
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•  Discutere sempre con il paziente tutte le opzioni, vantaggi, svantaggi e i 

limiti dei trattamenti 

•  LA e RFA sono metodiche alternative alla chirurgia, che rimane il 
trattamento di riferimento, soprattutto per voluminosi noduli 

 
•  Le terapie mini-invasive sono in grado di cambiare la storia naturale dei 

noduli tiroidei benigni in accrescimento/sintomatici, conservando 
l’integrità e il funzionamento del tessuto tiroideo indenne 

Terapie mini-invasive 
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Eseguita terapia con 
radioiodio 

•  Terapia: levo-tiroxina 150 mcg/die 
•  Base TSH 0.04 uU/ml, TG 3.3 ng/ml, AbTg< 1 U/l 

•  terapia 131-I 100 mCi dopo rhTSH  
•  dopo stimolo: TSH 120 uU/ml, Tg 9.4 ng/ml;  

•  scan postRAI: area irregolare di fissazione in sede cervicale 
sovragiugulare mediana da discreta quota di parenchima residuo,  e 
altra piccola captazione ben delimitata, in sede retrogiugulare 
paramediana destra (adenopatia?) 

GRAZIE PER L’ATTENZIONE 


