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	 Limiti (generali) 
Necessità di accurata valutazione citologica (trattamento 

limitato ai nodi citologicamente benigni – TIR2) 
Persistenza della lesione nodulare 
Necessità di follow-up ecografico 

Possibilità di ricrescita (ma anche di ri-trattamento) 
Necessità di operatori esperti  

Risoluzione dell’iperfunzione in < 50% dei nodi tossici 
Difficoltà interpretative di successivi campioni citologici  

Complicanze rare ma talora anche severe 
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	 Limiti (tecnici) 
Possibilità di trattare solo nodi ben visibili con US (no 

retrosternali) 
Plurimi trattamenti per nodi molto voluminosi (aumento 

dei costi, e del disagio per il paziente)  
Volume del nodo (shrinkage inversamente proporzionale) 

Macrocalcificazioni? 
Vascolarizzazione? 
Struttura del nodo 
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	 Limiti 
Necessità di accurata valutazione citologica (trattamento 

limitato ai nodi citologicamente benigni – TIR2) 
 

215 nodi citologicamente TIR2 sottoposti a FU fino a 5 anni 
A causa di una ricrescita dopo singolo trattamento, sei sono 

stati sottoposti ad exeresi chirurgica 
Esame istologico ha confermato benignità in tutti i casi  

 
(Deandrea et al, submitted) 
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	 Limiti 
Necessità di accurata valutazione citologica (trattamento 

limitato ai nodi citologicamente benigni – TIR2) 
                                                          

6 nodi TIR3  
A causa di ricrescita 6 sono stati sottoposti a rivalutazione 

citologica e ad intervento >>> 2 carcinomi follicolari 
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	 Limiti 

Persistenza della lesione nodulare 
Necessità di follow-up ecografico 

Possibilità di ricrescita (ma anche di ri-trattamento) 
 

             
Ricrescita nel 3-10% dei casi 
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At day 1 and week 1, serum TSH levels significantly de-
creased ( p! 0.001) and fT4 levels significantly increased
( p! 0.01). After 1 month, serum TSH and fT4 levels returned
to baseline and stabilized. Serum fT3 did not change after
PLA. A marked Tg increase occurred at day 1 ( p! 0.001), and
returned to baseline by 1 month. Serum Tg levels decreased
6 months after PLA procedure ( p! 0.01) and remained con-
sistently below initial levels at years 1, 2, and 3 ( p! 0.01).
Before the PLA procedure, TgAb and TPOAb were positive
(>100 U/mL) in 12/122 (9.8%) and 20 of 122 patients (16.4%),
respectively. Three years after PLA, the initially negative
TgAb and TPOAb became positive in another 9 of 110 (8.2%)
and 6 of 102 (5.9%) patients, respectively. However, there
were no significant changes in mean and median TgAb and

TPOAb levels (TgAb, U/mL: time 0, mean" SD 65" 83,
median 29; 3 years after PLA, mean" SD 72" 181, median 29;
TPOAb U/mL, time 0 mean" SD 106" 252, median 41; 3
years after PLA mean" SD 116" 272, median 37). Changes in
symptom and cosmetic scores are shown in Figure 3A and B.
After 3 years, symptoms improved in 89 patients (73.0%),
were unchanged in 28 patients (22.9%), and worsened in 5
(4.1%). Cosmetic signs improved in 87 patients (71.3%), were
unchanged in 29 patients (23.8%), and worsened in 6 (4.9%).

Complications and side effects

The major and minor complications and side effects are
summarized in Table 3. No patient required emergency basic
life support, no patient required hospitalization, no patient
had infection, and no antibiotic therapy was administered.
During laser administration, 98 (80.3%) out of 122 patients
reported no pain or significant discomfort. In the presence of
intense intraoperative pain, local or radiating to the jaw, teeth,
chest, or back, the laser was turned off. The fibers were re-
positioned in a more central area of the nodule and the abla-
tion procedure was completed. In patients with persisting
pain, prednisone administration was prolonged for 2–4
weeks. Subsequent follow-up was uneventful. Intranodular
bleeding during needle insertion was seen as a rapidly ex-
panding hypo/anechoic signal within nodular tissue. It was
blocked by swift fiber insertion and laser illumination. In-
tranodular bleeding did not prevent ablation procedure.
Thyroid pericapsular bleeding was seen at the end of proce-
dure as a hypoechoic layer, 5–20 mm thick, surrounding the
thyroid lobe. It was asymptomatic, but extensive neck bruis-
ing occurred 5–10 days later. It disappeared in about 3 to 4
weeks. No patient needed surgical decompression. When
vagal symptoms with bradycardia occurred during needle
placement, the bed was tilted in Trendelenburg position and
maneuvers were temporarily interrupted until spontaneous
recovery, which occurred in 2–5 minutes. In one patient with
no history of cardiovascular disease, a syncopal episode
occurred immediately after turning on the laser. The electro-
cardiogram recorded 14 seconds of asystole. The anesthesi-
ologist was alerted, but the patient had spontaneous recovery
of normal heart beat. The PLA procedure was aborted and the
patient had PLA in a subsequent session 3 weeks later without

Table 2. Characteristics of 11/122 Patients Treated with Percutaneous Laser Ablation
Who Had an Increase in Nodule Volume Above Initial Values During a 3-Year Follow-Up

Patient no.
Structure

solid/spongiform
Time 0

volume (mL)
1 year, mL
(% change)

2 years, mL
(% change)

3 years, mL
(% change)

1 Solid 2.8 3.0 (þ7.1) 3.0 (þ7.1) 3.6 (þ28.6)
2 Solid 5.2 4.0 ($23.1) 3.9 ($25.0) 7.5 (þ44.2)
3 Solid 7.8 3.0 ($61.5) 4.8 ($38.5) 8.3 (þ6.4)
4 Solid 8.1 4.8 ($40.7) — 8.8 (þ8.6)
5 Spongiform 9.1 8.2 ($9.9) 8.0 ($12.1) 11.8 (þ29.7)
6 Solid 9.9 9.1 ($8.1) 8.9 ($10.1) 12.2 (þ23.2)
7 Solid 15.3 11.0 ($28.1) 15.6 (þ2.0) 28.2 (þ84.3)
8 Solid 21.0 19.8 ($5.7) 20.0 ($4.8) 33.2 (þ58.1)
9 Solid 24.0 14.7 ($38.8) 18.2 ($24.2) 36.6 (þ52.5)

10 Spongiform 27.9 26.4 ($5.4) 26.0 ($6.8) 34.6 (þ24.0)
11 Spongiform 44.0 40.0 ($9.1) 39.0 ($11.4) 45.6 (þ3.6)

Cytology was colloid with sheets of follicular cells without atypia (class 2, Benign) in all patients.

FIG. 2. Mean percentage of nodule volume changes in 122
patients treated with PLA for benign thyroid nodule. At each
time during the 3-year follow-up, columns indicate quartiles
according to initial nodule volume (time 0). First quartile, 30
patients with small nodules (mean volume¼ 5.1 mL); second
quartile, 31 patients with medium-small nodules
(mean¼ 11.5 mL); third quartile, 31 patients with medium-
large nodules (mean¼ 21.1 mL); fourth quartile, 30 patients
with large nodules (mean¼ 54.6 mL).

LASER ABLATION IN BENIGN THYROID NODULES: A 3-YEAR STUDY 1257
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Limiti 

 
Necessità di operatori esperti  

 
 

Noduli tiroidei: trattamenti mininvasivi 



Roma,	8-11	novembre	2018	

	
Personal series of RFA using “Moving-shot” 

technique (first 73 treated nodules) 
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Power delivered (watts/ml) and experience 

y = 0,3198x + 12,8 
R² = 0,23685 
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Risoluzione dell’iperfunzione nel 50% dei nodi tossici 
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12 months (p= 0.08), baseline thyroid nodule vascularity
(p= 0.65).

Discussion

A few heterogeneous studies have evaluated the therapeutic
efficacy of RFA on AFTN. Some of these studies were
carried out with the 14-gauge multiexpandable electrode [5–
7], while others were carried out with the 18-gauge
internally cooled electrode and the moving shot technique
[8–11]. In addition to that, in the studies performed with the
14-gauge electrode some patients had been previously
treated by surgery or radioiodine. Moreover, the number of
sessions varied from one to six, as summarized in Table 2.
Based on this premise, our study aimed at evaluating the
effect on AFTN of a single RFA performed with the 18-
gauge needle and the moving shot technique.
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Fig. 1 Effect of RFA on thyroid function in patients with AFTN. Top
graph represents serum TSH and Methimazole dosage before and after
RFA. TSH and Methimazole are presented as the mean± standard
error of the mean. The symbol # is for TSH at 1 month vs. baseline
(p= 0.003). The symbol * is for Methimazole at 3, 6, and 12 months
vs. the baseline (p< 0.001). Middle graph represents the percentage of
patients in remission over the 12-month follow-up (p= 0.001 at
3 months vs. baseline). Bottom graph represents the percentage of
patients in remission (Remission), the percentage of patients that
reduced Methimazole dosage (Improvement), and the percentage of
patients that has not changed Methimazole dosage during the 12-
month follow-up (No response)
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Abstract
Purpose Radiofrequency ablation has been advocated as an
alternative to radioiodine and/or surgery for the treatment of
autonomously functioning benign thyroid nodules. How-
ever, only a few studies have measured radiofrequency
ablation efficacy on autonomously functioning benign
thyroid nodules. The aim of this work was to evaluate the
12-month efficacy of a single session of radiofrequency
ablation (performed with the moving shot technique) on
solitary autonomously functioning benign thyroid nodules.
Methods Thirty patients with a single, benign autono-
mously functioning benign thyroid nodules, who were
either unwilling or ineligible to undergo surgery and
radioiodine, were treated with radiofrequency ablation
between April 2012 and May 2015. All the patients
underwent a single radiofrequency ablation, performed with
the 18-gauge needle and the moving shot technique.

Clinical, laboratory, and ultrasound evaluations were
scheduled at baseline, and after 1, 3, 6, and 12 months from
the procedure.
Results A single radiofrequency ablation reduced thyroid
nodule volume by 51, 63, 69, and 75 % after 1, 3, 6, and
12 months, respectively. This was associated with a sig-
nificant improvement of local cervical discomfort and cos-
metic score. As for thyroid function, 33 % of the patients
went into remission after 3 months, 43 % after 6 months,
and 50 % after 12 months from the procedure. This study
demonstrates that a single radiofrequency ablation allowed
us to withdraw anti-thyroid medication in 50 % of the
patients, who remained euthyroid afterwards.
Conclusion This study shows that a single radiofrequency
ablation was effective in 50 % of patients with autono-
mously functioning benign thyroid nodules. Patients
responded gradually to the treatment. It is possible that
longer follow-up studies might show greater response rates.

Keywords Thyroid nodules ● AFTN ● Hyperthyroidism ●

Ultrasound-guided procedures ● Radiofrequency ablation

Introduction

During the last decade, ultrasound-guided minimally inva-
sive procedures have been increasingly used to treat
symptomatic benign thyroid nodules in patients unwilling
and/or ineligible to undergo surgery or radioiodine ablation
[1, 2]. These procedures include percutaneous ethanol
injection for cystic nodules and laser or radiofrequency
ablation (RFA) for solid nodules. These techniques are
undoubtedly convenient as they most often achieve relief of
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(P < 0.01). The mean reduction of the nodule size,
expressed as percentage of the pre-treatment volume
after 1, 2, and 3 cycles of ILP was: 43.7 ! 8.5%, 72.4 !
7.5%, and 81.3 ! 2.3% in group 1; and 43.5 ! 8.0%
72.8 ! 9.4%, and 81.9 ! 5.63% in group 2. ANOVAs
analysis, performed independently in patients with non-
functioning and hyperfunctioning thyroid nodules,
showed a similar efficacy of the ILP procedure (F ¼ 190.4;
P < 0.0001 for group 1 and F ¼ 100.2; P < 0.0001 for
group 2). Post hoc analysis showed significant volume re-
duction for all comparisons in both group 1 and group 2
patients with the exception of that performed between 2
and 3 cycles of ILP. It is interesting to note that the total
energy delivered (expressed in Joule) was similar in the
two groups (Table 1).

Significant differences between the two groups were
observed when thyroid function parameters were taken
into account. ILP was not followed by any significant
change in the serum levels of TSH and FT3 in patients
with non-functioning thyroid nodules. On the other hand,
in the 26 patients with an hyperfunctioning thyroid

nodule, the reduction of nodular volume was associated
with a progressive normalization of thyroid function
parameters (data not shown). The serum levels of FT3
normalized in 16 out of 26 (61.5%) patients after the first
cycle of ILP and in all initially hyperthyroid patients after
the second cycle of ILP. The proportion of initially hyper-
thyroid patients achieving normal serum levels of TSH
increased progressively from 4%, to 61.5% and to 87%
after 1, 2, and 3 cycles of ILP, respectively (Fig. 2). It is
interesting to note that the three patients who still had a
low-serum TSH after the last evaluation achieved a mean
percent reduction in the size of their nodule which was
similar to that achieved by patients having a normalized
serum TSH (76.8 ! 1.3 and 80.6 ! 6.0, respectively, NS).
However, these patients had a significantly greater mean
nodular volumes at presentation as compared with those
who achieved a normal serum level of TSH (75.0 ! 2.6 ml
vs. 52.7 ! 8.5 ml; P < 0.001).
To further investigate the effect of ILP in hyperfunc-

tioning thyroid nodules, ROC curves were constructed in
order to define with the highest specificity and sensitivity
a cut-off, which might differentiate patients who achieved
a normal serum level of TSH (cured patients) from those
in whom the therapeutic procedure was only partially
effective (serum FT3 levels within the normal range, but
still subnormal serum TSH values). The following param-
eters were taken into account: (i) percentage of nodular
volume reduction; (ii) difference between nodular volume
measured before ILP and after the last cycle (area of
necrosis); (iii) total amount of energy delivered expressed
in Joule. According to the ROC curves shown in Figure 3,
the percentage of nodular volume reduction was the best
parameter predicting a normalized serum TSH (area
under the curve 0.962; P < 0.0001). Interestingly, the
area of necrosis (as assessed by the absolute changes in
nodular volume) and the total amount of energy delivered
in Joule had very similar areas under the curve: 0.865
and 0.839, respectively. This result is in agreement with
the highly significant correlations between the two varia-
bles showed in Figure 4 (r ¼ 0.69; P < 0.0001).
Intraoperative complications consisted in mild pain

occurring in five (6.5%) patients and vasovagal reactions

Fig. 1. Nodule volume in patients in group 1 and in group 2
before and after 1, 2, and 3 cycles of ILP treatment. The data
are expressed as median and 25th and 75th percentiles in
boxes and 5th and 95th percentiles as whiskers.

Fig. 2. Frequencies of patients with hyper-functioning
nodules showing suppressed serum levels of TSH before and
after 1, 2, and 3 cycles of ILP.
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Abstract
Image-guided ablation of thyroid disease is increasingly being commonly reported.
Techniques including ethanol injection and thermal ablation using radio-frequency,
laser, and microwave devices have been described. Minimally invasive approaches to
the management of benign cystic, solid, and functional thyroid nodules as well as
both primary and recurrent thyroid malignancy have been reported. The purpose of
this article is to review the current evidence relating to image-guided ablation of thy-
roid disease with a focus on clinical outcomes and complication rates for patients
treated with this minimally invasive approach.
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ethanol, laser, microwave, radiofrequency, thyroid nodule

1 | INTRODUCTION

The majority of patients who require management of thyroid
disease receive systemic therapy (such as thyroid suppression
or hormone replacement), radioactive iodine therapy, or sur-
gery. However, over the past 30 years there has been increas-
ing interest reported in techniques that involve ultrasound-
guided needles and probes to manage thyroid lesions in a
minimally invasive manner. Such image-guided ablation has

the attraction of being accurately delivered without the need
for general anesthesia. In addition, complications, including
postoperative hemorrhage, damage to the recurrent laryngeal
nerve, and iatrogenic hypothyroidism associated with sur-
gery, make a minimally invasive approach more attractive.
In addition to potential clinical benefit, most groups do not
admit patients to the hospital for image-guided ablation of
thyroid lesions and, therefore, the potential for significant
cost saving exists. Despite advances in this field, few centers
offer such therapies. Despite this, international groups do
now endorse the use of these minimally invasive approaches
in selected benign and malignant1 cases, with a 2015 Italian
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different techniques when considering patient suitability for
this minimally invasive approach. A recent meta-analysis
concluded that the overall complication rate of RFA was 2%
and that 1% of patients had major complications.151 Compli-
cation rates are higher in patients treated for recurrent cancer
(5%) versus benign nodules (1%).152

The main complication reported by most studies is pain.
After percutaneous ethanol, escape of fluid into the surround-
ing tissues can result in significant discomfort. A trans-
isthmic approach has been recommended to minimize this
phenomenon.153 Tissue heating results in pain for patients
who undergo thermal ablation, and the use of pericapsular
lidocaine has been suggested to anesthetize surrounding sen-
sory nerves.154 Rates of discomfort vary between studies
with groups reporting rates between 2% and
60%.21,23,51,53,95,155–157 Severe pain is unusual, although in a
series of 125 toxic nodules treated with ethanol, Tarantino
et al47 found that 2% of patients refused treatment due to
pain. Liu et al158 found that 3 of 12 patients treated with laser
complained of intolerable pain. Kim et al90 used sedation in
77% of 30 patients treated with RFA for benign nodules and
Gambelunghe et al159 found that pericapsular local anesthetic
was not effective in reducing pain during laser ablation.
Esnault et al111 report that of 25 patients, 3 (12%) discontin-
ued HIFU due to pain or skin microblisters.111

Damage to critical structures in the neck is a potential
risk of image-guided techniques. Direct trauma, thermal
injury, and the potential for damage secondary to the inflam-
matory response to treatment are all potential risks. Clearly,
these risks are greater when the targeted lesion lies in close
proximity to critical structures.

Vocal cord palsy is a significant complication of thyroid
surgery. The exact rate of postoperative palsy remains
unclear and probably relates to the kind of disease treated,
the experience of the operating surgeon, and the rate of post-
operative laryngeal examination.160 After percutaneous etha-
nol, both Meskhi et al161 and Lee and Ahn162 treated over
600 patients each for benign thyroid nodules and reported a
temporary vocal cord palsy rate of <1%. Smaller series have
reported higher rates up to 20% after percutaneous etha-
nol,35,37,38,40,49 RFA,97,126 microwave ablation,71 and
laser.132 Cesareo et al102 reported a permanent vocal cord
palsy in 1 of 42 patients (2%) treated with RFA. Baek
et al163 reported a 1% incidence of voice change from 1459
patients treated with RFA for benign nodules, although this
is higher in the management of thyroid cancer (5%).152 Lang
et al164 reported a 4% temporary vocal cord palsy rate in 103
patients treated with HIFU. The potential for collateral dam-
age has led to identification of a danger area on the dorsome-
dial aspect of the gland, which is in close proximity to the
recurrent laryngeal nerve, airway, and esophagus. Nodules in
this area are more difficult to treat due to concern over dam-
age to these critical structures.165

Full thickness skin burns have been reported with both
RFA and laser ablation techniques. Although rare,124,166 2
series with 46 and 45 patients treated with laser ablation and
RFA, respectively, reported this adverse event.94,133

Angelini et al42 reported a 3% temporary rate of internal
jugular vein thrombosis after percutaneous ethanol for toxic
nodules. Grave’s disease has been reported after percutane-
ous ethanol raising the question of whether an antibody
response is stimulated in response to tissue destruction seen
after therapy.167,168 Spinal accessory nerve injury after RFA
and Horner’s syndrome after percutaneous ethanol and RFA
have also been reported.152,169 In 2004, Mauz et al170

reported a case of toxic necrosis of the larynx after percuta-
neous ethanol. The patient was treated conservatively but
developed a cyst within the supraglottis, which was eventu-
ally excised with a good voice outcome. The authors make
the assumption that significant extravasation of ethanol was
in part due to the inexperience of the radiologist involved.170

Damage to structures in the vicinity of the treated lesions
is uncommon but must be considered. It is likely that lesions
distant from critical structures, including the recurrent laryn-
geal nerve, airway, and great vessels, pose less of a risk and
that increasing experience is associated with less likelihood
of collateral damage. However, groups must consider these
complication rates in comparison with those for surgery, as
in experienced hands recurrent laryngeal nerve palsy rates of
<1% are reported.

Rodríguez-Lomba et al171 reported a case of cutaneous
implantation of papillary thyroid carcinoma after percutane-
ous ethanol for a nodal recurrence in a 58-year-old woman.

The impact of image-guided ablation of thyroid nodules
on subsequent cytological and histological analysis is
unclear. In 2000, Monzani et al172 reported on 13 patients
who underwent surgery after percutaneous ethanol. They
found that histological analysis was not impeded by previous
treatment. Song et al173 reported the cytological findings
after percutaneous ethanol and found that a necrotic back-
ground to the samples was seen with multinucleated giant
cells. Schrut et al174 studied 39 patients who had undergone
percutaneous ethanol for toxic nodules. They demonstrated
an increase in nondiagnostic cytology specimens from 3%
pretreatment to 19% posttreatment. They, therefore, recom-
mend caution in interpreting cytology results after percutane-
ous ethanol.174 A number of groups have shown that laser
ablation results in hemorrhage and fibrosis on histological
analysis of excised specimens but the collateral damage is
minimal.11,12,175

4 | CONCLUSION

Ultrasound-guided ablation of thyroid disease is increasingly
common. Techniques range from injection of ethanol, which

6 | NIXON ET AL.2108 NIXON ET AL.



Roma,	8-11	novembre	2018	

	 Limiti (tecnici) 

Possibilità di trattare solo nodi ben visibili ad US (no 
retrosternali) 

Plurimi trattamenti per nodi molto voluminosi (aumento dei 
costi e dei disagi per il paziente)  

Volume del nodo (shrinkage inversamente proporzionale) 
Macrocalcificazioni? 
Vascolarizzazione? 
Struttura del nodo? 
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1	to	6	(1.4)	sessions	
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	 RADIOFREQUENCY	THERMAL	ABLATION		
FOR	BENIGN	THYROID	NODULES:		

RESULTS	FROM	AN	ITALIAN	MULTICENTER	STUDY	(EJE,	in	press)	
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E1	(poche	aree	
cistiche	di	medie	
dimensioni)	

	
21	ml	

	
7,5	ml	

	
6,6	ml	(-69%)	

		

E2	(multiple	aree	
microcistiche	<	2	
mm)	

	
19,9	ml	

	
6,2	ml	

	
4,9	ml	(-76%)**	

	
**0.01	

E3	(solido,	non	
aree	cistiche)	

	
22,1	ml	

	
8	ml	

	
6,9	ml	(-68%)	

		

Volume	prima	
(mediana)	

Volume	6	mesi	
(mediana)	

Volume	12	mesi	
(mediana)	

p	

Risposta	in	base	a	pattern	US	
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Volume	prima	
(mediana)	

Volume	6	mesi	
(mediana)	

Volume	12	mesi	
(mediana)	

p	

Risposta	in	base	pattern	vascolare			

V1	(perinodulare	
intensa)	

	
21,9	ml	

	
7,9	ml	

	
7,2	ml	(-68,8%)	

		

V2	(peri-	ed	
intranodulare)	

	
18,9	ml	

	
6,2	ml	

	
5,5	ml	(-71%)**	

	
**<0.03	

	
V3	(perinodulare	
debole)	

	
20,1	ml	

	
8,7	ml	

	
6,5	ml	(-67,9%)	

		

Noduli tiroidei: trattamenti mininvasivi 



Roma,	8-11	novembre	2018	

	

Volume	prima	
(mediana)	

Volume	6	mesi	
(mediana)	

Volume	12	mesi	
(mediana)	

p	

Risposta	in	base	a	presenza	di	macrocalcificazioni	

M1	
(intranodulari)	

	
23	ml	

	
8,5	ml	

	
6,5	ml	(-71,5%)	

	
**NS	

M2	
(perinodulari/
egg	shell)	

	
20	ml	

	
6,9	ml	

	
6	ml	(-70%)	

		

M3	(intra-	e	
perinodulari)	

	
24,8	ml	

	
9,5	ml	

	
8,2	ml	(-69,8%)	
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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	 20,7	ml	 7,3	ml	(-63.5%)	 6	ml	(-70%)	 <0.001	

	Volume	<	15	ml	
(103	nodules)	

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

**	<0.001	

Volume	15-30	ml	
(129	nodules)	

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

Volume	>	30	ml	
(105	nodules)	

1200	J/ml	 41	ml	 16,6	ml	 15	ml	(-66.7%)	 		
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At day 1 and week 1, serum TSH levels significantly de-
creased ( p! 0.001) and fT4 levels significantly increased
( p! 0.01). After 1 month, serum TSH and fT4 levels returned
to baseline and stabilized. Serum fT3 did not change after
PLA. A marked Tg increase occurred at day 1 ( p! 0.001), and
returned to baseline by 1 month. Serum Tg levels decreased
6 months after PLA procedure ( p! 0.01) and remained con-
sistently below initial levels at years 1, 2, and 3 ( p! 0.01).
Before the PLA procedure, TgAb and TPOAb were positive
(>100 U/mL) in 12/122 (9.8%) and 20 of 122 patients (16.4%),
respectively. Three years after PLA, the initially negative
TgAb and TPOAb became positive in another 9 of 110 (8.2%)
and 6 of 102 (5.9%) patients, respectively. However, there
were no significant changes in mean and median TgAb and

TPOAb levels (TgAb, U/mL: time 0, mean" SD 65" 83,
median 29; 3 years after PLA, mean" SD 72" 181, median 29;
TPOAb U/mL, time 0 mean" SD 106" 252, median 41; 3
years after PLA mean" SD 116" 272, median 37). Changes in
symptom and cosmetic scores are shown in Figure 3A and B.
After 3 years, symptoms improved in 89 patients (73.0%),
were unchanged in 28 patients (22.9%), and worsened in 5
(4.1%). Cosmetic signs improved in 87 patients (71.3%), were
unchanged in 29 patients (23.8%), and worsened in 6 (4.9%).

Complications and side effects

The major and minor complications and side effects are
summarized in Table 3. No patient required emergency basic
life support, no patient required hospitalization, no patient
had infection, and no antibiotic therapy was administered.
During laser administration, 98 (80.3%) out of 122 patients
reported no pain or significant discomfort. In the presence of
intense intraoperative pain, local or radiating to the jaw, teeth,
chest, or back, the laser was turned off. The fibers were re-
positioned in a more central area of the nodule and the abla-
tion procedure was completed. In patients with persisting
pain, prednisone administration was prolonged for 2–4
weeks. Subsequent follow-up was uneventful. Intranodular
bleeding during needle insertion was seen as a rapidly ex-
panding hypo/anechoic signal within nodular tissue. It was
blocked by swift fiber insertion and laser illumination. In-
tranodular bleeding did not prevent ablation procedure.
Thyroid pericapsular bleeding was seen at the end of proce-
dure as a hypoechoic layer, 5–20 mm thick, surrounding the
thyroid lobe. It was asymptomatic, but extensive neck bruis-
ing occurred 5–10 days later. It disappeared in about 3 to 4
weeks. No patient needed surgical decompression. When
vagal symptoms with bradycardia occurred during needle
placement, the bed was tilted in Trendelenburg position and
maneuvers were temporarily interrupted until spontaneous
recovery, which occurred in 2–5 minutes. In one patient with
no history of cardiovascular disease, a syncopal episode
occurred immediately after turning on the laser. The electro-
cardiogram recorded 14 seconds of asystole. The anesthesi-
ologist was alerted, but the patient had spontaneous recovery
of normal heart beat. The PLA procedure was aborted and the
patient had PLA in a subsequent session 3 weeks later without

Table 2. Characteristics of 11/122 Patients Treated with Percutaneous Laser Ablation
Who Had an Increase in Nodule Volume Above Initial Values During a 3-Year Follow-Up

Patient no.
Structure

solid/spongiform
Time 0

volume (mL)
1 year, mL
(% change)

2 years, mL
(% change)

3 years, mL
(% change)

1 Solid 2.8 3.0 (þ7.1) 3.0 (þ7.1) 3.6 (þ28.6)
2 Solid 5.2 4.0 ($23.1) 3.9 ($25.0) 7.5 (þ44.2)
3 Solid 7.8 3.0 ($61.5) 4.8 ($38.5) 8.3 (þ6.4)
4 Solid 8.1 4.8 ($40.7) — 8.8 (þ8.6)
5 Spongiform 9.1 8.2 ($9.9) 8.0 ($12.1) 11.8 (þ29.7)
6 Solid 9.9 9.1 ($8.1) 8.9 ($10.1) 12.2 (þ23.2)
7 Solid 15.3 11.0 ($28.1) 15.6 (þ2.0) 28.2 (þ84.3)
8 Solid 21.0 19.8 ($5.7) 20.0 ($4.8) 33.2 (þ58.1)
9 Solid 24.0 14.7 ($38.8) 18.2 ($24.2) 36.6 (þ52.5)

10 Spongiform 27.9 26.4 ($5.4) 26.0 ($6.8) 34.6 (þ24.0)
11 Spongiform 44.0 40.0 ($9.1) 39.0 ($11.4) 45.6 (þ3.6)

Cytology was colloid with sheets of follicular cells without atypia (class 2, Benign) in all patients.

FIG. 2. Mean percentage of nodule volume changes in 122
patients treated with PLA for benign thyroid nodule. At each
time during the 3-year follow-up, columns indicate quartiles
according to initial nodule volume (time 0). First quartile, 30
patients with small nodules (mean volume¼ 5.1 mL); second
quartile, 31 patients with medium-small nodules
(mean¼ 11.5 mL); third quartile, 31 patients with medium-
large nodules (mean¼ 21.1 mL); fourth quartile, 30 patients
with large nodules (mean¼ 54.6 mL).
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Percutaneous Laser Ablation
of Cold Benign Thyroid Nodules:

A 3-Year Follow-Up Study in 122 Patients

Roberto Valcavi,1 Fabrizio Riganti,1 Angelo Bertani,1 Debora Formisano,2 and Claudio M. Pacella 3

Background: Percutaneous laser ablation (PLA) is a proposed therapeutic procedure for the management of
benign thyroid nodules. However, long-term results are unknown. The aim of this study was to evaluate
retrospectively the safety and effects of PLA treatment in patients with benign nonfunctioning thyroid nodules
in a 3-year follow-up.
Methods: One hundred twenty-two patients (95 women and 27 men; age 52.2! 12.3 years) with benign cold
thyroid solitary nodules or a dominant nodule within a normo-functioning multinodular goiter (volume range:
2.6–86.4 mL) underwent thermal Nd:YAG laser ablation of thyroid nodular tissue by 1–4 optical fibers posi-
tioned into the tissue by 21-gauge needles under ultrasound real-time assistance. The setting was an interven-
tional suite and outpatient endocrine clinics in a community hospital in Italy. Nodule volume, ablation volume,
side effects, serum thyroid-stimulating hormone (TSH), free triiodothyronine, free thyroxine (fT4), thyroglobulin
(Tg), anti-Tg, anti-thyroperoxidase antibodies, symptoms, and cosmetic signs were recorded.
Results: Data are mean! standard deviation. Energy delivered was 8522! 5365 J with an output power of
3.1! 0.5 W. Three years after PLA, nodule volume decreased from 23.1! 21.3 to 12.5! 18.8 mL ("47.8%! 33.1%
of initial volume, p # 0.001). At day 1, TSH and fT4 values significantly changed (time 0 vs. day 1:
TSH¼ 1.16! 1.06 vs. 0.62! 0.81 mU/mL, p # 0.001; fT4¼ 11.68! 1.88 vs. 13.20! 3.32 pg/mL, p # 0.01) and
normalized within 1 month. No change in free triiodothyronine, thyroperoxidase antibodies, and Tg antibodies
values was observed. Symptoms improved in 89 patients (73.0%), were unchanged in 28 (22.9%), and worsened
in 5 (4.1%). Cosmetic signs improved in 87 patients (71.3%), were unchanged in 29 (23.8%), and worsened in 6
(4.9%). In 11 patients (9%), nodules regrew above baseline. Two patients (1.6%) experienced delayed (12–24
hours) laryngeal dysfunction with vocal cord motility recovery after 6–10 weeks. Two patients (1.6%) became
hypothyroid and two patients (1.6%) hyperthyroid after PLA.
Conclusions: After 3 years, the PLA technique achieved shrinkage of about 50% of the initial volume in a wide
size range of benign cold thyroid nodules, with an improvement in local symptoms and signs. Side effects and
failures were few although not negligible. PLA may be a new option for the management of benign cold thyroid
nodules. Long-term controlled studies are required to establish the eligibility of patients for routine PLA.

Introduction

Present guidelines offer patients with benign thyroid
nodular disease either no treatment or partial/total thy-

roid surgery, depending on nodule size, growth, or symptoms
(1,2). Nonsurgical therapy options, including ultrasound
(US)-guided procedures, are presently under investigation
(3). US-guided percutaneous ethanol injection may be the
treatment of choice for cystic nodules (1,2,4) but is no longer

recommended for solid nodules (1,2,5,6). High-intensity
focused US was successfully investigated in ewes (7,8), but there
are no data available in humans. Recently, radiofrequency
(RF) thermal ablation has been proposed for the thyroid gland
(9–15). Percutaneous laser ablation (PLA) was the first ther-
mal ablation technique introduced by Pacella et al. (16). Sub-
sequently, several articles on PLA effects in cold (17,18), cystic
(19), and hot thyroid nodules (18–25) have been published,
including controlled trials (26–29), suggesting effectiveness
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periprocedural periods. Only minor complications or side ef-
fects were identified during the procedure, and all major com-
plications developed immediately after the procedure or in the
periprocedural period. At the immediate post-operatory and
periprocedural periods, the total complication/side effect rates
were significantly higher in RTC patients than in BTN patients
(P = 0.011 and P = 0.042, respectively). All complications/side
effects were early complications, except for three patients (0.3%)
with delayed complications such as nodule ruptures.

Discussion

This large population study evaluated the complication of
RFA for BTN and RTC. The overall complication rate was
3.5% (31/875) and the major complication rate was 1.6% (14/
875). There were no procedure-related deaths, and only 0.5%
(4/875) of patients showed persistent symptoms. These results
suggest that RFA for thyroid is a safe procedure. The major

complication rate in RTC was significantly higher than that in
BTN, while no significant differences were found in the minor
complication rate and side effects. Therefore, more careful
treatment is necessary in RTCs. This study also revealed un-
reported new complications such as Horner syndrome, SAN
injury, and lidocaine toxicity.

A possible reason for the higher rate of major complica-
tions in RTC include the location itself or desmoplastic change
to the adjacent important nerve structures. Therefore, in a pre-
vious study, hydrodissection technique using a 5% dextrose
solution was recommended if critical structures were near to
the tumour [9]. Additionally, to minimise marginal recurrence
after RFA for RTC, it is important to include both tumour and
peritumoural soft tissue [9]. Another possible cause is a mis-
understanding of the complicated perithyroid and neck anato-
my. The major complication rate of RFA for RTC in previous
studies was 8.3% (range 0–25%; Table 4), and the major com-
plication rate of 5.4% found in the present study is similar.
However, compared with the previous multicentre study [4],

Table 2 Comparison of the
major/minor complications and
side effects of RFA procedures on
benign thyroid nodules and
recurrent thyroid cancers

List of complications SIR
class

Total

(n = 875)

Benign
thyroid
nodules

(n = 746)

Recurrent
thyroid
cancers

(n = 129)

P-
value

n % n % n %

Major complicationsa 14 1.6 7 0.9 7 5.4 0.002

Voice change >1 month C 6 0.7 5 0.7 1 0.8 >0.999

Permanent voice change E 3 0.3 0 0 3 2.3 0.003

Nodule rupture requiring drainage C 1 0.1 1 0.1 0 0 >0.999

Horner syndrome E 1 0.1 1 0.1 0 0 >0.999

Spinal accessory nerve injury C 3 0.3 0 0 3 2.3 0.003

Minor complicationsa 17 1.9 14 1.9 3 2.3 0.728

Voice change <1 month B 2 0.2 1 0.1 1 0.8 0.273

Nodule rupture with conservative treatment A 2 0.2 2 0.3 0 0 >0.999

Transient hypothyroidism B 1 0.1 1 0.1 0 0 >0.999

Mild transient confusion, probably due to
lidocaine complication

B 1 0.1 0 0 1 0.8 0.147

Haematoma B 7 0.8 6 0.8 1 0.8 >0.999

Hypertension treated with medication B 4 0.5 4 0.5 0 0 >0.999

Side effectsa 61 7 52 7 9 7 >0.999

Muscle twitching, probably due to lidocaine
complication

N/A 1 0.1 1 0.1 0 0 >0.999

Pain N/A 7 0.8 5 0.7 2 1.6 0.276

Oedema N/A 25 2.9 24 3.2 1 0.8 0.157

Vasovagal reaction N/A 7 0.8 6 0.8 1 0.8 >0.999

Hypertension observed without medication N/A 8 0.9 6 0.8 2 1.6 0.335

Vomiting/nausea N/A 4 0.5 3 0.4 1 0.8 0.472

Coughing N/A 11 1.3 8 1.1 3 2.3 0.213

aNumber of patients

SIR (Society of Interventional Radiology) class (A = no therapy, no consequence; B = nominal therapy, no con-
sequence; C = require therapy, minor hospitalisation <48 h; D = require major therapy, unplanned increase in level
of care, hospitalisation >48 h; E = permanent adverse sequela; F = death)
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Abstract
Objectives To evaluate the complication rates and describe
the possible complications of ultrasonography-guided radio-
frequency ablation (RFA) of benign thyroid nodules (BTN)
and recurrent thyroid cancers (RTC), and to compare the com-
plication rates between BTN and RTC.
Methods This retrospective study reviewed 875 patients who
underwent RFA for BTN (746 patients; 83.5%) or RTC (129
patients; 14.7%). Medical records were reviewed for all types
of complications occurring during and after the RFA proce-
dure. The baseline characteristics and the complication rates
of BTN and RTC were compared.
Results The overall complication rate was 3.5% (31/875), and
the major complication rate was 1.6% (14/875). The major
complication rate of RTC was significantly higher than that
of BTN (5.4% vs. 0.9%, P = 0.002), while there were no sig-
nificant differences in the minor complications rate. New
complications, such as Horner syndrome, spinal accessory
nerve injury, and complications due to lidocaine toxicity, were
also revealed.

Conclusions Various complications of RFA may occur in
both BTN and RTC, although the complication rate is low.
To understand the broad spectrum of complications and min-
imise the complications and sequela, the suggested technical
tips and cervical anatomy are essential.
Key Points
• The overall complication rate was 3.5% (31/875).
• The major complication rate was 1.6% (14/875).
• The major complication rate of RTC was significantly higher
than BTN.

• There were only four patients showing persistent symptoms
(0.5%).

• Unreported new complications were also demonstrated.

Keywords Radiofrequency ablation . Complications .

Ultrasound . Benign thyroid nodule . Recurrent thyroid cancer
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US Ultrasonography
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SAN Spinal accessory nerve
RLN Recurrent laryngeal nerve
TSH Thyrotrophin
CCA Common carotid artery
VN Vagus nerve
mSCG Middle cervical sympathetic ganglion
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Introduction

Ultrasonography (US)-guided radiofrequency ablation (RFA)
has been used as an alternative treatment to surgery in patients
with benign thyroid nodules (BTN) [1–3]. A previous
multicentre study examined the spectrum and rate of
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periprocedural periods. Only minor complications or side ef-
fects were identified during the procedure, and all major com-
plications developed immediately after the procedure or in the
periprocedural period. At the immediate post-operatory and
periprocedural periods, the total complication/side effect rates
were significantly higher in RTC patients than in BTN patients
(P = 0.011 and P = 0.042, respectively). All complications/side
effects were early complications, except for three patients (0.3%)
with delayed complications such as nodule ruptures.

Discussion

This large population study evaluated the complication of
RFA for BTN and RTC. The overall complication rate was
3.5% (31/875) and the major complication rate was 1.6% (14/
875). There were no procedure-related deaths, and only 0.5%
(4/875) of patients showed persistent symptoms. These results
suggest that RFA for thyroid is a safe procedure. The major

complication rate in RTC was significantly higher than that in
BTN, while no significant differences were found in the minor
complication rate and side effects. Therefore, more careful
treatment is necessary in RTCs. This study also revealed un-
reported new complications such as Horner syndrome, SAN
injury, and lidocaine toxicity.

A possible reason for the higher rate of major complica-
tions in RTC include the location itself or desmoplastic change
to the adjacent important nerve structures. Therefore, in a pre-
vious study, hydrodissection technique using a 5% dextrose
solution was recommended if critical structures were near to
the tumour [9]. Additionally, to minimise marginal recurrence
after RFA for RTC, it is important to include both tumour and
peritumoural soft tissue [9]. Another possible cause is a mis-
understanding of the complicated perithyroid and neck anato-
my. The major complication rate of RFA for RTC in previous
studies was 8.3% (range 0–25%; Table 4), and the major com-
plication rate of 5.4% found in the present study is similar.
However, compared with the previous multicentre study [4],

Table 2 Comparison of the
major/minor complications and
side effects of RFA procedures on
benign thyroid nodules and
recurrent thyroid cancers

List of complications SIR
class

Total

(n = 875)

Benign
thyroid
nodules

(n = 746)

Recurrent
thyroid
cancers

(n = 129)

P-
value

n % n % n %

Major complicationsa 14 1.6 7 0.9 7 5.4 0.002

Voice change >1 month C 6 0.7 5 0.7 1 0.8 >0.999

Permanent voice change E 3 0.3 0 0 3 2.3 0.003

Nodule rupture requiring drainage C 1 0.1 1 0.1 0 0 >0.999

Horner syndrome E 1 0.1 1 0.1 0 0 >0.999

Spinal accessory nerve injury C 3 0.3 0 0 3 2.3 0.003

Minor complicationsa 17 1.9 14 1.9 3 2.3 0.728

Voice change <1 month B 2 0.2 1 0.1 1 0.8 0.273

Nodule rupture with conservative treatment A 2 0.2 2 0.3 0 0 >0.999

Transient hypothyroidism B 1 0.1 1 0.1 0 0 >0.999

Mild transient confusion, probably due to
lidocaine complication

B 1 0.1 0 0 1 0.8 0.147

Haematoma B 7 0.8 6 0.8 1 0.8 >0.999

Hypertension treated with medication B 4 0.5 4 0.5 0 0 >0.999

Side effectsa 61 7 52 7 9 7 >0.999

Muscle twitching, probably due to lidocaine
complication

N/A 1 0.1 1 0.1 0 0 >0.999

Pain N/A 7 0.8 5 0.7 2 1.6 0.276

Oedema N/A 25 2.9 24 3.2 1 0.8 0.157

Vasovagal reaction N/A 7 0.8 6 0.8 1 0.8 >0.999

Hypertension observed without medication N/A 8 0.9 6 0.8 2 1.6 0.335

Vomiting/nausea N/A 4 0.5 3 0.4 1 0.8 0.472

Coughing N/A 11 1.3 8 1.1 3 2.3 0.213

aNumber of patients

SIR (Society of Interventional Radiology) class (A = no therapy, no consequence; B = nominal therapy, no con-
sequence; C = require therapy, minor hospitalisation <48 h; D = require major therapy, unplanned increase in level
of care, hospitalisation >48 h; E = permanent adverse sequela; F = death)
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Abstract
Objectives To evaluate the complication rates and describe
the possible complications of ultrasonography-guided radio-
frequency ablation (RFA) of benign thyroid nodules (BTN)
and recurrent thyroid cancers (RTC), and to compare the com-
plication rates between BTN and RTC.
Methods This retrospective study reviewed 875 patients who
underwent RFA for BTN (746 patients; 83.5%) or RTC (129
patients; 14.7%). Medical records were reviewed for all types
of complications occurring during and after the RFA proce-
dure. The baseline characteristics and the complication rates
of BTN and RTC were compared.
Results The overall complication rate was 3.5% (31/875), and
the major complication rate was 1.6% (14/875). The major
complication rate of RTC was significantly higher than that
of BTN (5.4% vs. 0.9%, P = 0.002), while there were no sig-
nificant differences in the minor complications rate. New
complications, such as Horner syndrome, spinal accessory
nerve injury, and complications due to lidocaine toxicity, were
also revealed.

Conclusions Various complications of RFA may occur in
both BTN and RTC, although the complication rate is low.
To understand the broad spectrum of complications and min-
imise the complications and sequela, the suggested technical
tips and cervical anatomy are essential.
Key Points
• The overall complication rate was 3.5% (31/875).
• The major complication rate was 1.6% (14/875).
• The major complication rate of RTC was significantly higher
than BTN.

• There were only four patients showing persistent symptoms
(0.5%).

• Unreported new complications were also demonstrated.
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Introduction

Ultrasonography (US)-guided radiofrequency ablation (RFA)
has been used as an alternative treatment to surgery in patients
with benign thyroid nodules (BTN) [1–3]. A previous
multicentre study examined the spectrum and rate of
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periprocedural periods. Only minor complications or side ef-
fects were identified during the procedure, and all major com-
plications developed immediately after the procedure or in the
periprocedural period. At the immediate post-operatory and
periprocedural periods, the total complication/side effect rates
were significantly higher in RTC patients than in BTN patients
(P = 0.011 and P = 0.042, respectively). All complications/side
effects were early complications, except for three patients (0.3%)
with delayed complications such as nodule ruptures.

Discussion

This large population study evaluated the complication of
RFA for BTN and RTC. The overall complication rate was
3.5% (31/875) and the major complication rate was 1.6% (14/
875). There were no procedure-related deaths, and only 0.5%
(4/875) of patients showed persistent symptoms. These results
suggest that RFA for thyroid is a safe procedure. The major

complication rate in RTC was significantly higher than that in
BTN, while no significant differences were found in the minor
complication rate and side effects. Therefore, more careful
treatment is necessary in RTCs. This study also revealed un-
reported new complications such as Horner syndrome, SAN
injury, and lidocaine toxicity.

A possible reason for the higher rate of major complica-
tions in RTC include the location itself or desmoplastic change
to the adjacent important nerve structures. Therefore, in a pre-
vious study, hydrodissection technique using a 5% dextrose
solution was recommended if critical structures were near to
the tumour [9]. Additionally, to minimise marginal recurrence
after RFA for RTC, it is important to include both tumour and
peritumoural soft tissue [9]. Another possible cause is a mis-
understanding of the complicated perithyroid and neck anato-
my. The major complication rate of RFA for RTC in previous
studies was 8.3% (range 0–25%; Table 4), and the major com-
plication rate of 5.4% found in the present study is similar.
However, compared with the previous multicentre study [4],

Table 2 Comparison of the
major/minor complications and
side effects of RFA procedures on
benign thyroid nodules and
recurrent thyroid cancers

List of complications SIR
class

Total

(n = 875)

Benign
thyroid
nodules

(n = 746)

Recurrent
thyroid
cancers

(n = 129)

P-
value

n % n % n %

Major complicationsa 14 1.6 7 0.9 7 5.4 0.002

Voice change >1 month C 6 0.7 5 0.7 1 0.8 >0.999

Permanent voice change E 3 0.3 0 0 3 2.3 0.003

Nodule rupture requiring drainage C 1 0.1 1 0.1 0 0 >0.999

Horner syndrome E 1 0.1 1 0.1 0 0 >0.999

Spinal accessory nerve injury C 3 0.3 0 0 3 2.3 0.003

Minor complicationsa 17 1.9 14 1.9 3 2.3 0.728

Voice change <1 month B 2 0.2 1 0.1 1 0.8 0.273

Nodule rupture with conservative treatment A 2 0.2 2 0.3 0 0 >0.999

Transient hypothyroidism B 1 0.1 1 0.1 0 0 >0.999

Mild transient confusion, probably due to
lidocaine complication

B 1 0.1 0 0 1 0.8 0.147

Haematoma B 7 0.8 6 0.8 1 0.8 >0.999

Hypertension treated with medication B 4 0.5 4 0.5 0 0 >0.999

Side effectsa 61 7 52 7 9 7 >0.999

Muscle twitching, probably due to lidocaine
complication

N/A 1 0.1 1 0.1 0 0 >0.999

Pain N/A 7 0.8 5 0.7 2 1.6 0.276

Oedema N/A 25 2.9 24 3.2 1 0.8 0.157

Vasovagal reaction N/A 7 0.8 6 0.8 1 0.8 >0.999

Hypertension observed without medication N/A 8 0.9 6 0.8 2 1.6 0.335

Vomiting/nausea N/A 4 0.5 3 0.4 1 0.8 0.472

Coughing N/A 11 1.3 8 1.1 3 2.3 0.213

aNumber of patients

SIR (Society of Interventional Radiology) class (A = no therapy, no consequence; B = nominal therapy, no con-
sequence; C = require therapy, minor hospitalisation <48 h; D = require major therapy, unplanned increase in level
of care, hospitalisation >48 h; E = permanent adverse sequela; F = death)
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periprocedural periods. Only minor complications or side ef-
fects were identified during the procedure, and all major com-
plications developed immediately after the procedure or in the
periprocedural period. At the immediate post-operatory and
periprocedural periods, the total complication/side effect rates
were significantly higher in RTC patients than in BTN patients
(P = 0.011 and P = 0.042, respectively). All complications/side
effects were early complications, except for three patients (0.3%)
with delayed complications such as nodule ruptures.

Discussion

This large population study evaluated the complication of
RFA for BTN and RTC. The overall complication rate was
3.5% (31/875) and the major complication rate was 1.6% (14/
875). There were no procedure-related deaths, and only 0.5%
(4/875) of patients showed persistent symptoms. These results
suggest that RFA for thyroid is a safe procedure. The major

complication rate in RTC was significantly higher than that in
BTN, while no significant differences were found in the minor
complication rate and side effects. Therefore, more careful
treatment is necessary in RTCs. This study also revealed un-
reported new complications such as Horner syndrome, SAN
injury, and lidocaine toxicity.

A possible reason for the higher rate of major complica-
tions in RTC include the location itself or desmoplastic change
to the adjacent important nerve structures. Therefore, in a pre-
vious study, hydrodissection technique using a 5% dextrose
solution was recommended if critical structures were near to
the tumour [9]. Additionally, to minimise marginal recurrence
after RFA for RTC, it is important to include both tumour and
peritumoural soft tissue [9]. Another possible cause is a mis-
understanding of the complicated perithyroid and neck anato-
my. The major complication rate of RFA for RTC in previous
studies was 8.3% (range 0–25%; Table 4), and the major com-
plication rate of 5.4% found in the present study is similar.
However, compared with the previous multicentre study [4],

Table 2 Comparison of the
major/minor complications and
side effects of RFA procedures on
benign thyroid nodules and
recurrent thyroid cancers

List of complications SIR
class

Total

(n = 875)

Benign
thyroid
nodules

(n = 746)

Recurrent
thyroid
cancers

(n = 129)

P-
value

n % n % n %

Major complicationsa 14 1.6 7 0.9 7 5.4 0.002

Voice change >1 month C 6 0.7 5 0.7 1 0.8 >0.999

Permanent voice change E 3 0.3 0 0 3 2.3 0.003

Nodule rupture requiring drainage C 1 0.1 1 0.1 0 0 >0.999

Horner syndrome E 1 0.1 1 0.1 0 0 >0.999

Spinal accessory nerve injury C 3 0.3 0 0 3 2.3 0.003

Minor complicationsa 17 1.9 14 1.9 3 2.3 0.728

Voice change <1 month B 2 0.2 1 0.1 1 0.8 0.273

Nodule rupture with conservative treatment A 2 0.2 2 0.3 0 0 >0.999

Transient hypothyroidism B 1 0.1 1 0.1 0 0 >0.999

Mild transient confusion, probably due to
lidocaine complication

B 1 0.1 0 0 1 0.8 0.147

Haematoma B 7 0.8 6 0.8 1 0.8 >0.999

Hypertension treated with medication B 4 0.5 4 0.5 0 0 >0.999

Side effectsa 61 7 52 7 9 7 >0.999

Muscle twitching, probably due to lidocaine
complication

N/A 1 0.1 1 0.1 0 0 >0.999

Pain N/A 7 0.8 5 0.7 2 1.6 0.276

Oedema N/A 25 2.9 24 3.2 1 0.8 0.157

Vasovagal reaction N/A 7 0.8 6 0.8 1 0.8 >0.999

Hypertension observed without medication N/A 8 0.9 6 0.8 2 1.6 0.335

Vomiting/nausea N/A 4 0.5 3 0.4 1 0.8 0.472

Coughing N/A 11 1.3 8 1.1 3 2.3 0.213

aNumber of patients

SIR (Society of Interventional Radiology) class (A = no therapy, no consequence; B = nominal therapy, no con-
sequence; C = require therapy, minor hospitalisation <48 h; D = require major therapy, unplanned increase in level
of care, hospitalisation >48 h; E = permanent adverse sequela; F = death)
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Abstract
Objectives To evaluate the complication rates and describe
the possible complications of ultrasonography-guided radio-
frequency ablation (RFA) of benign thyroid nodules (BTN)
and recurrent thyroid cancers (RTC), and to compare the com-
plication rates between BTN and RTC.
Methods This retrospective study reviewed 875 patients who
underwent RFA for BTN (746 patients; 83.5%) or RTC (129
patients; 14.7%). Medical records were reviewed for all types
of complications occurring during and after the RFA proce-
dure. The baseline characteristics and the complication rates
of BTN and RTC were compared.
Results The overall complication rate was 3.5% (31/875), and
the major complication rate was 1.6% (14/875). The major
complication rate of RTC was significantly higher than that
of BTN (5.4% vs. 0.9%, P = 0.002), while there were no sig-
nificant differences in the minor complications rate. New
complications, such as Horner syndrome, spinal accessory
nerve injury, and complications due to lidocaine toxicity, were
also revealed.

Conclusions Various complications of RFA may occur in
both BTN and RTC, although the complication rate is low.
To understand the broad spectrum of complications and min-
imise the complications and sequela, the suggested technical
tips and cervical anatomy are essential.
Key Points
• The overall complication rate was 3.5% (31/875).
• The major complication rate was 1.6% (14/875).
• The major complication rate of RTC was significantly higher
than BTN.

• There were only four patients showing persistent symptoms
(0.5%).

• Unreported new complications were also demonstrated.

Keywords Radiofrequency ablation . Complications .

Ultrasound . Benign thyroid nodule . Recurrent thyroid cancer

Abbreviations
US Ultrasonography
RFA Radiofrequency ablation
SAN Spinal accessory nerve
RLN Recurrent laryngeal nerve
TSH Thyrotrophin
CCA Common carotid artery
VN Vagus nerve
mSCG Middle cervical sympathetic ganglion
SCM Sternocleidomastoid muscle

Introduction

Ultrasonography (US)-guided radiofrequency ablation (RFA)
has been used as an alternative treatment to surgery in patients
with benign thyroid nodules (BTN) [1–3]. A previous
multicentre study examined the spectrum and rate of
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observation for the possibility of nodule rupture is still re-
quired after 2 months. The clinical signs of the patients were
sudden neck swelling with pain. There was no evidence of
leakage through the previous needle pathway. Thyroid nodule
rupturesmay be caused by delayed bleeding from intranodular
microvascular leakage, post-procedural massage or move-
ments of the neck [4, 26]. In a previous study, a conservative
treatment for nodule ruptures after RFA was suggested [26].
Of the three patients, one patient who habitually massaged the
ablated thyroid nodule underwent a drainage procedure,
whereas the other two patients regressed without medication.

The symptoms of lidocaine toxicity include mental change,
muscle twitching, tremors, and seizures [29]. This study iden-
tified one patient with RTC who experienced transient mild

confusion immediately after the due to lidocaine toxicity. We
injected 25 mL of lidocaine into the tumours to decrease pain.
The permitted maximal dose of lidocaine is 4.5 mg/kg up to a
total of 300 mg (15 mL). Therefore, this was an overdose [9].
Another patient with a BTN had transient muscle twitching,
which might also have been due to lidocaine toxicity, as there
was no other identifiable causable factor. Thus, the operator
should consider the possibility of lidocaine toxicity and un-
derstand the symptoms.

We had one patient who had transient hypothyroidism.
Permanent hypothyroidism was reported in a patient with
BTN [4]. The patient had persistent elevation of serum anti-
thyroid peroxidase antibody (anti-TPOAb) both before and
after ablation. Several previous studies reported transient

Table 4 Summary of published
data on complications of RFA in
patients with recurrent thyroid
cancer

Study No. of
patients

Permanent
voice
change

Voice change
recovered
within a few months

Skin
burn

Severe
pain

Rate

Kim et al [10], 2015 73 … 1 … … 1.4%

Lim et al [9], 2015a 46 … 3 … 4 6.5%

Lee et al [31], 2014 31 1 6 … … 22.6%

Wang et al [32], 2014 8 … … … … 0%

Guenette et al [8], 2013 21 1 … … … 4.8%

Baek et al [7], 2011a 12 1 … … … 8.3%

Park et al [33], 2011 11 … … 1 … 9.1%

Monchik et al [6], 2006 16 … 1 1 … 12.5%

Dupuy et al [5], 2001 8 1 … 1 … 25%

Total 168 3 8 3 0 8.3%

a These two studies have similar study populations to the present study and were thus excluded from the total
complication counts

Fig. 3 Scheme of essential anatomy of important nerve structures in
thyroid ablation. The RFA needle is inserted through the isthmus (trans-
isthmic approach) to visualize the entire length of the electrode and the
target nodule. Ablation is performed using the moving shot technique,
which involves undertreating the danger triangle: The ablation area is
small near the peripheral danger triangle (yellow triangle). The danger
triangle which contains RLN could remain undertreated because of its

close location to the RLN and the oesophagus. The location of the vagus
nerve could be changed medially (A) or posteriorly (B) due to vagus
nerve variations. Medial type sympathetic ganglion is in area B.
Recurrent laryngeal nerve (RLN) is usually within the danger triangle
(D), but variations of RLN could be located in the posterior portion of
the thyroid gland (C)
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nodule rupture. The major complication 
rate was significantly lower in patients 
treated by experienced operators than in 
patients treated by less-experienced 
operators (0.7% vs 2.9%, P = .007). The 
total complication rate was also lower for 
experienced operators than for less-
experienced operators, but this difference 
was not significant (2.0% vs 3.9%, P = .
051). Early complications were significantly 
more common than delayed complications 
(46 vs 2; P .001).  
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DEGREE	 TYPE	 Number	 Recovery	time	(day)	 %	

Major	 Voice	change	
Nodule	infection	

1	
1	

3-7	
30	

0,4	

Minor	 Edema	
Superficial	ematoma	
Muscle	ematoma	

20	
25	
7	

0,2	
7	
14	

15	

Side	effects	 Pain	
Cough	
Fever	

42	
1	
2	

Intraoperatively	
Intraoperatively	

1	day	

13	

Permanent	 0	
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any incident. We interpreted the episode as being due to ca-
rotid sinus stimulation. When cough occurred (duration of
cough 200 0–400 0), the fiber closest to the trachea was pulled back
and the PLA procedure was completed. No patient had in-
traoperative dysphonia. One patient had laryngeal stridor
immediately after PLA termination. US imaging showed
perinodular edema. Stridor disappeared over 4 minutes. No
further corticosteroids were administered after standard
methyl-prednisolone bolus. Swelling with pressure symptoms
lasting 4–7 days corresponded to a measurable increase in
nodule volume. In the patient who had cutaneous burn, a
3 mm heath mark on the skin was visible for 1 year. In the two
patients who had postoperative laryngeal dysfunction, re-
duction in vocal cord motility occurred 12–24 hours after PLA
procedure. An additional course of corticosteroids (oral
prednisone 25 mg for 2 weeks, 12.5 mg for 2 weeks, and 5 mg
for 2 weeks) was administered. Indirect laryngoscopy showed
vocal cord motility recovery after 6–10 weeks. Nerve com-
pression because of perinodular edema was the most likely
explanation for dysphonia. No other patient had laryngeal
dysfunction either immediately after PLA procedure or at
3-year follow-up assessment. Fever occurred 2–4 days after
PLA in five patients. It lasted 2–4 days and did not require any

additional medication. Pseudocystic transformation occurred
in six patients 2–3 weeks after the PLA procedure, manifesting
as a painful sudden swelling. Drainage was associated with
immediate amelioration of symptoms. Three patients had
pseudocyst with fasciitis due to a leak of the fluid into the neck
muscle fascia. It required further anti-inflammatory drug ad-
ministration and was reabsorbed spontaneously in 3–6
months.

Thyroid dysfunction

One month after PLA, clinical overt hyperthyroidism de-
veloped in two patients with negative TPOAb and TgAb
levels. It was associated with a transient TRAb peak (68 and
82 U/L at month 1, respectively) without any change in
TPOAb and TgAb levels. The first hyperthyroid patient re-
ceived methimazole (5–10 mg/day) therapy for 1 year; after
methimazole withdrawal, TSH, thyroid hormone, and TRAb
levels remained normal during the 3-year follow-up period.
The second hyperthyroid patient received radioiodine ther-
apy, became hypothyroid at 6 months, and was put on
thyroxine replacement therapy. Two patients developed hy-
pothyroidism 1–6 months after PLA and were put on

FIG. 3. Symptoms (A) and cosmetic signs (B) in 122 pa-
tients treated with the PLA procedure for benign thyroid
nodule at different times during the 3-year follow-up. (A)
Symptom score 0¼ asymptomatic; 1¼mild pressure com-
plaint; 2¼neck constraint; 3¼neck constraint plus swal-
lowing difficulty. (B) Cosmetic sign score 0¼ nodule not
visible; 1¼ nodule visible with hyperextended neck;
2¼nodule visible at a distance" 1 m without extending
neck; 3¼nodule visible at a distance> 1 m.

Table 3. Complications and Side Effects
of the Percutaneous Laser Ablation

Procedure on 122 Patients with Cold,
Solid Benign Thyroid Nodules

Type of reaction
No. of
cases %

SIR classa

or equivalentb

Intraoperative
Pain

Mild 14 11.5 Ab

Intense 10 8.2 Bb

Bleeding
Intranodular 9 7.4 Ab

Pericapsular 3 2.5 Ab

Vasovagal reaction 4 3.3 Ab

Vasovagal reaction with
140 0 asystolia

1 0.8 Ab

Cough 6 4.9 Ab

Immediate postoperatory
(within 24 hours)
Stridor 1 0.8 Aa

Swelling 11 9.0 Aa

Cutaneous burn 1 0.8 Aa

Laryngeal dysfunction 2 1.6 Ba

Periprocedural
(within 30 days)
Bruise 3 2.5 Aa

Fever (37.58C–38.58C) 5 4.1 Aa

Persistent pain 9 7.4 Ba

Pseudocystic transformation 6 4.9 Ba

Pseudocyst with fasciitis 3 2.5 Ca

Minor complications: A¼no therapy, no consequence; B¼nominal
therapy, no consequence; includes overnight admission for observa-
tion only.

Major complications: C¼ require therapy, minor hospitalization
(<48 hours); D¼ require minor therapy, unplanned increase in level
of care, hospitalization> 48 hours; E¼permanent adverse sequelae;
F¼death.

aSociety of Interventional Radiology (SIR) guidelines criteria.
bNot included in SIR guidelines, classified with the same criteria.
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Percutaneous Laser Ablation
of Cold Benign Thyroid Nodules:

A 3-Year Follow-Up Study in 122 Patients

Roberto Valcavi,1 Fabrizio Riganti,1 Angelo Bertani,1 Debora Formisano,2 and Claudio M. Pacella 3

Background: Percutaneous laser ablation (PLA) is a proposed therapeutic procedure for the management of
benign thyroid nodules. However, long-term results are unknown. The aim of this study was to evaluate
retrospectively the safety and effects of PLA treatment in patients with benign nonfunctioning thyroid nodules
in a 3-year follow-up.
Methods: One hundred twenty-two patients (95 women and 27 men; age 52.2! 12.3 years) with benign cold
thyroid solitary nodules or a dominant nodule within a normo-functioning multinodular goiter (volume range:
2.6–86.4 mL) underwent thermal Nd:YAG laser ablation of thyroid nodular tissue by 1–4 optical fibers posi-
tioned into the tissue by 21-gauge needles under ultrasound real-time assistance. The setting was an interven-
tional suite and outpatient endocrine clinics in a community hospital in Italy. Nodule volume, ablation volume,
side effects, serum thyroid-stimulating hormone (TSH), free triiodothyronine, free thyroxine (fT4), thyroglobulin
(Tg), anti-Tg, anti-thyroperoxidase antibodies, symptoms, and cosmetic signs were recorded.
Results: Data are mean! standard deviation. Energy delivered was 8522! 5365 J with an output power of
3.1! 0.5 W. Three years after PLA, nodule volume decreased from 23.1! 21.3 to 12.5! 18.8 mL ("47.8%! 33.1%
of initial volume, p # 0.001). At day 1, TSH and fT4 values significantly changed (time 0 vs. day 1:
TSH¼ 1.16! 1.06 vs. 0.62! 0.81 mU/mL, p # 0.001; fT4¼ 11.68! 1.88 vs. 13.20! 3.32 pg/mL, p # 0.01) and
normalized within 1 month. No change in free triiodothyronine, thyroperoxidase antibodies, and Tg antibodies
values was observed. Symptoms improved in 89 patients (73.0%), were unchanged in 28 (22.9%), and worsened
in 5 (4.1%). Cosmetic signs improved in 87 patients (71.3%), were unchanged in 29 (23.8%), and worsened in 6
(4.9%). In 11 patients (9%), nodules regrew above baseline. Two patients (1.6%) experienced delayed (12–24
hours) laryngeal dysfunction with vocal cord motility recovery after 6–10 weeks. Two patients (1.6%) became
hypothyroid and two patients (1.6%) hyperthyroid after PLA.
Conclusions: After 3 years, the PLA technique achieved shrinkage of about 50% of the initial volume in a wide
size range of benign cold thyroid nodules, with an improvement in local symptoms and signs. Side effects and
failures were few although not negligible. PLA may be a new option for the management of benign cold thyroid
nodules. Long-term controlled studies are required to establish the eligibility of patients for routine PLA.

Introduction

Present guidelines offer patients with benign thyroid
nodular disease either no treatment or partial/total thy-

roid surgery, depending on nodule size, growth, or symptoms
(1,2). Nonsurgical therapy options, including ultrasound
(US)-guided procedures, are presently under investigation
(3). US-guided percutaneous ethanol injection may be the
treatment of choice for cystic nodules (1,2,4) but is no longer

recommended for solid nodules (1,2,5,6). High-intensity
focused US was successfully investigated in ewes (7,8), but there
are no data available in humans. Recently, radiofrequency
(RF) thermal ablation has been proposed for the thyroid gland
(9–15). Percutaneous laser ablation (PLA) was the first ther-
mal ablation technique introduced by Pacella et al. (16). Sub-
sequently, several articles on PLA effects in cold (17,18), cystic
(19), and hot thyroid nodules (18–25) have been published,
including controlled trials (26–29), suggesting effectiveness

1Endocrinology Division and Thyroid Disease Center and 2Statistics and Clinical Epidemiology Unit, Arcispedale Santa Maria Nuova,
Reggio Emilia, Italy.

3Department of Diagnostic and Interventional Oncology-Ablative Therapies, Ospedale San Camillo, Rome, Italy.
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any incident. We interpreted the episode as being due to ca-
rotid sinus stimulation. When cough occurred (duration of
cough 200 0–400 0), the fiber closest to the trachea was pulled back
and the PLA procedure was completed. No patient had in-
traoperative dysphonia. One patient had laryngeal stridor
immediately after PLA termination. US imaging showed
perinodular edema. Stridor disappeared over 4 minutes. No
further corticosteroids were administered after standard
methyl-prednisolone bolus. Swelling with pressure symptoms
lasting 4–7 days corresponded to a measurable increase in
nodule volume. In the patient who had cutaneous burn, a
3 mm heath mark on the skin was visible for 1 year. In the two
patients who had postoperative laryngeal dysfunction, re-
duction in vocal cord motility occurred 12–24 hours after PLA
procedure. An additional course of corticosteroids (oral
prednisone 25 mg for 2 weeks, 12.5 mg for 2 weeks, and 5 mg
for 2 weeks) was administered. Indirect laryngoscopy showed
vocal cord motility recovery after 6–10 weeks. Nerve com-
pression because of perinodular edema was the most likely
explanation for dysphonia. No other patient had laryngeal
dysfunction either immediately after PLA procedure or at
3-year follow-up assessment. Fever occurred 2–4 days after
PLA in five patients. It lasted 2–4 days and did not require any

additional medication. Pseudocystic transformation occurred
in six patients 2–3 weeks after the PLA procedure, manifesting
as a painful sudden swelling. Drainage was associated with
immediate amelioration of symptoms. Three patients had
pseudocyst with fasciitis due to a leak of the fluid into the neck
muscle fascia. It required further anti-inflammatory drug ad-
ministration and was reabsorbed spontaneously in 3–6
months.

Thyroid dysfunction

One month after PLA, clinical overt hyperthyroidism de-
veloped in two patients with negative TPOAb and TgAb
levels. It was associated with a transient TRAb peak (68 and
82 U/L at month 1, respectively) without any change in
TPOAb and TgAb levels. The first hyperthyroid patient re-
ceived methimazole (5–10 mg/day) therapy for 1 year; after
methimazole withdrawal, TSH, thyroid hormone, and TRAb
levels remained normal during the 3-year follow-up period.
The second hyperthyroid patient received radioiodine ther-
apy, became hypothyroid at 6 months, and was put on
thyroxine replacement therapy. Two patients developed hy-
pothyroidism 1–6 months after PLA and were put on

FIG. 3. Symptoms (A) and cosmetic signs (B) in 122 pa-
tients treated with the PLA procedure for benign thyroid
nodule at different times during the 3-year follow-up. (A)
Symptom score 0¼ asymptomatic; 1¼mild pressure com-
plaint; 2¼neck constraint; 3¼neck constraint plus swal-
lowing difficulty. (B) Cosmetic sign score 0¼ nodule not
visible; 1¼ nodule visible with hyperextended neck;
2¼nodule visible at a distance" 1 m without extending
neck; 3¼nodule visible at a distance> 1 m.

Table 3. Complications and Side Effects
of the Percutaneous Laser Ablation

Procedure on 122 Patients with Cold,
Solid Benign Thyroid Nodules

Type of reaction
No. of
cases %

SIR classa

or equivalentb

Intraoperative
Pain

Mild 14 11.5 Ab

Intense 10 8.2 Bb

Bleeding
Intranodular 9 7.4 Ab

Pericapsular 3 2.5 Ab

Vasovagal reaction 4 3.3 Ab

Vasovagal reaction with
140 0 asystolia

1 0.8 Ab

Cough 6 4.9 Ab

Immediate postoperatory
(within 24 hours)
Stridor 1 0.8 Aa

Swelling 11 9.0 Aa

Cutaneous burn 1 0.8 Aa

Laryngeal dysfunction 2 1.6 Ba

Periprocedural
(within 30 days)
Bruise 3 2.5 Aa

Fever (37.58C–38.58C) 5 4.1 Aa

Persistent pain 9 7.4 Ba

Pseudocystic transformation 6 4.9 Ba

Pseudocyst with fasciitis 3 2.5 Ca

Minor complications: A¼no therapy, no consequence; B¼nominal
therapy, no consequence; includes overnight admission for observa-
tion only.

Major complications: C¼ require therapy, minor hospitalization
(<48 hours); D¼ require minor therapy, unplanned increase in level
of care, hospitalization> 48 hours; E¼permanent adverse sequelae;
F¼death.

aSociety of Interventional Radiology (SIR) guidelines criteria.
bNot included in SIR guidelines, classified with the same criteria.
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any incident. We interpreted the episode as being due to ca-
rotid sinus stimulation. When cough occurred (duration of
cough 200 0–400 0), the fiber closest to the trachea was pulled back
and the PLA procedure was completed. No patient had in-
traoperative dysphonia. One patient had laryngeal stridor
immediately after PLA termination. US imaging showed
perinodular edema. Stridor disappeared over 4 minutes. No
further corticosteroids were administered after standard
methyl-prednisolone bolus. Swelling with pressure symptoms
lasting 4–7 days corresponded to a measurable increase in
nodule volume. In the patient who had cutaneous burn, a
3 mm heath mark on the skin was visible for 1 year. In the two
patients who had postoperative laryngeal dysfunction, re-
duction in vocal cord motility occurred 12–24 hours after PLA
procedure. An additional course of corticosteroids (oral
prednisone 25 mg for 2 weeks, 12.5 mg for 2 weeks, and 5 mg
for 2 weeks) was administered. Indirect laryngoscopy showed
vocal cord motility recovery after 6–10 weeks. Nerve com-
pression because of perinodular edema was the most likely
explanation for dysphonia. No other patient had laryngeal
dysfunction either immediately after PLA procedure or at
3-year follow-up assessment. Fever occurred 2–4 days after
PLA in five patients. It lasted 2–4 days and did not require any

additional medication. Pseudocystic transformation occurred
in six patients 2–3 weeks after the PLA procedure, manifesting
as a painful sudden swelling. Drainage was associated with
immediate amelioration of symptoms. Three patients had
pseudocyst with fasciitis due to a leak of the fluid into the neck
muscle fascia. It required further anti-inflammatory drug ad-
ministration and was reabsorbed spontaneously in 3–6
months.

Thyroid dysfunction

One month after PLA, clinical overt hyperthyroidism de-
veloped in two patients with negative TPOAb and TgAb
levels. It was associated with a transient TRAb peak (68 and
82 U/L at month 1, respectively) without any change in
TPOAb and TgAb levels. The first hyperthyroid patient re-
ceived methimazole (5–10 mg/day) therapy for 1 year; after
methimazole withdrawal, TSH, thyroid hormone, and TRAb
levels remained normal during the 3-year follow-up period.
The second hyperthyroid patient received radioiodine ther-
apy, became hypothyroid at 6 months, and was put on
thyroxine replacement therapy. Two patients developed hy-
pothyroidism 1–6 months after PLA and were put on

FIG. 3. Symptoms (A) and cosmetic signs (B) in 122 pa-
tients treated with the PLA procedure for benign thyroid
nodule at different times during the 3-year follow-up. (A)
Symptom score 0¼ asymptomatic; 1¼mild pressure com-
plaint; 2¼neck constraint; 3¼neck constraint plus swal-
lowing difficulty. (B) Cosmetic sign score 0¼ nodule not
visible; 1¼ nodule visible with hyperextended neck;
2¼nodule visible at a distance" 1 m without extending
neck; 3¼nodule visible at a distance> 1 m.

Table 3. Complications and Side Effects
of the Percutaneous Laser Ablation

Procedure on 122 Patients with Cold,
Solid Benign Thyroid Nodules

Type of reaction
No. of
cases %

SIR classa

or equivalentb

Intraoperative
Pain

Mild 14 11.5 Ab

Intense 10 8.2 Bb

Bleeding
Intranodular 9 7.4 Ab

Pericapsular 3 2.5 Ab

Vasovagal reaction 4 3.3 Ab

Vasovagal reaction with
140 0 asystolia

1 0.8 Ab

Cough 6 4.9 Ab

Immediate postoperatory
(within 24 hours)
Stridor 1 0.8 Aa

Swelling 11 9.0 Aa

Cutaneous burn 1 0.8 Aa

Laryngeal dysfunction 2 1.6 Ba

Periprocedural
(within 30 days)
Bruise 3 2.5 Aa

Fever (37.58C–38.58C) 5 4.1 Aa

Persistent pain 9 7.4 Ba

Pseudocystic transformation 6 4.9 Ba

Pseudocyst with fasciitis 3 2.5 Ca

Minor complications: A¼no therapy, no consequence; B¼nominal
therapy, no consequence; includes overnight admission for observa-
tion only.

Major complications: C¼ require therapy, minor hospitalization
(<48 hours); D¼ require minor therapy, unplanned increase in level
of care, hospitalization> 48 hours; E¼permanent adverse sequelae;
F¼death.

aSociety of Interventional Radiology (SIR) guidelines criteria.
bNot included in SIR guidelines, classified with the same criteria.
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Percutaneous Laser Ablation
of Cold Benign Thyroid Nodules:

A 3-Year Follow-Up Study in 122 Patients

Roberto Valcavi,1 Fabrizio Riganti,1 Angelo Bertani,1 Debora Formisano,2 and Claudio M. Pacella 3

Background: Percutaneous laser ablation (PLA) is a proposed therapeutic procedure for the management of
benign thyroid nodules. However, long-term results are unknown. The aim of this study was to evaluate
retrospectively the safety and effects of PLA treatment in patients with benign nonfunctioning thyroid nodules
in a 3-year follow-up.
Methods: One hundred twenty-two patients (95 women and 27 men; age 52.2! 12.3 years) with benign cold
thyroid solitary nodules or a dominant nodule within a normo-functioning multinodular goiter (volume range:
2.6–86.4 mL) underwent thermal Nd:YAG laser ablation of thyroid nodular tissue by 1–4 optical fibers posi-
tioned into the tissue by 21-gauge needles under ultrasound real-time assistance. The setting was an interven-
tional suite and outpatient endocrine clinics in a community hospital in Italy. Nodule volume, ablation volume,
side effects, serum thyroid-stimulating hormone (TSH), free triiodothyronine, free thyroxine (fT4), thyroglobulin
(Tg), anti-Tg, anti-thyroperoxidase antibodies, symptoms, and cosmetic signs were recorded.
Results: Data are mean! standard deviation. Energy delivered was 8522! 5365 J with an output power of
3.1! 0.5 W. Three years after PLA, nodule volume decreased from 23.1! 21.3 to 12.5! 18.8 mL ("47.8%! 33.1%
of initial volume, p # 0.001). At day 1, TSH and fT4 values significantly changed (time 0 vs. day 1:
TSH¼ 1.16! 1.06 vs. 0.62! 0.81 mU/mL, p # 0.001; fT4¼ 11.68! 1.88 vs. 13.20! 3.32 pg/mL, p # 0.01) and
normalized within 1 month. No change in free triiodothyronine, thyroperoxidase antibodies, and Tg antibodies
values was observed. Symptoms improved in 89 patients (73.0%), were unchanged in 28 (22.9%), and worsened
in 5 (4.1%). Cosmetic signs improved in 87 patients (71.3%), were unchanged in 29 (23.8%), and worsened in 6
(4.9%). In 11 patients (9%), nodules regrew above baseline. Two patients (1.6%) experienced delayed (12–24
hours) laryngeal dysfunction with vocal cord motility recovery after 6–10 weeks. Two patients (1.6%) became
hypothyroid and two patients (1.6%) hyperthyroid after PLA.
Conclusions: After 3 years, the PLA technique achieved shrinkage of about 50% of the initial volume in a wide
size range of benign cold thyroid nodules, with an improvement in local symptoms and signs. Side effects and
failures were few although not negligible. PLA may be a new option for the management of benign cold thyroid
nodules. Long-term controlled studies are required to establish the eligibility of patients for routine PLA.

Introduction

Present guidelines offer patients with benign thyroid
nodular disease either no treatment or partial/total thy-

roid surgery, depending on nodule size, growth, or symptoms
(1,2). Nonsurgical therapy options, including ultrasound
(US)-guided procedures, are presently under investigation
(3). US-guided percutaneous ethanol injection may be the
treatment of choice for cystic nodules (1,2,4) but is no longer

recommended for solid nodules (1,2,5,6). High-intensity
focused US was successfully investigated in ewes (7,8), but there
are no data available in humans. Recently, radiofrequency
(RF) thermal ablation has been proposed for the thyroid gland
(9–15). Percutaneous laser ablation (PLA) was the first ther-
mal ablation technique introduced by Pacella et al. (16). Sub-
sequently, several articles on PLA effects in cold (17,18), cystic
(19), and hot thyroid nodules (18–25) have been published,
including controlled trials (26–29), suggesting effectiveness

1Endocrinology Division and Thyroid Disease Center and 2Statistics and Clinical Epidemiology Unit, Arcispedale Santa Maria Nuova,
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any incident. We interpreted the episode as being due to ca-
rotid sinus stimulation. When cough occurred (duration of
cough 200 0–400 0), the fiber closest to the trachea was pulled back
and the PLA procedure was completed. No patient had in-
traoperative dysphonia. One patient had laryngeal stridor
immediately after PLA termination. US imaging showed
perinodular edema. Stridor disappeared over 4 minutes. No
further corticosteroids were administered after standard
methyl-prednisolone bolus. Swelling with pressure symptoms
lasting 4–7 days corresponded to a measurable increase in
nodule volume. In the patient who had cutaneous burn, a
3 mm heath mark on the skin was visible for 1 year. In the two
patients who had postoperative laryngeal dysfunction, re-
duction in vocal cord motility occurred 12–24 hours after PLA
procedure. An additional course of corticosteroids (oral
prednisone 25 mg for 2 weeks, 12.5 mg for 2 weeks, and 5 mg
for 2 weeks) was administered. Indirect laryngoscopy showed
vocal cord motility recovery after 6–10 weeks. Nerve com-
pression because of perinodular edema was the most likely
explanation for dysphonia. No other patient had laryngeal
dysfunction either immediately after PLA procedure or at
3-year follow-up assessment. Fever occurred 2–4 days after
PLA in five patients. It lasted 2–4 days and did not require any

additional medication. Pseudocystic transformation occurred
in six patients 2–3 weeks after the PLA procedure, manifesting
as a painful sudden swelling. Drainage was associated with
immediate amelioration of symptoms. Three patients had
pseudocyst with fasciitis due to a leak of the fluid into the neck
muscle fascia. It required further anti-inflammatory drug ad-
ministration and was reabsorbed spontaneously in 3–6
months.

Thyroid dysfunction

One month after PLA, clinical overt hyperthyroidism de-
veloped in two patients with negative TPOAb and TgAb
levels. It was associated with a transient TRAb peak (68 and
82 U/L at month 1, respectively) without any change in
TPOAb and TgAb levels. The first hyperthyroid patient re-
ceived methimazole (5–10 mg/day) therapy for 1 year; after
methimazole withdrawal, TSH, thyroid hormone, and TRAb
levels remained normal during the 3-year follow-up period.
The second hyperthyroid patient received radioiodine ther-
apy, became hypothyroid at 6 months, and was put on
thyroxine replacement therapy. Two patients developed hy-
pothyroidism 1–6 months after PLA and were put on

FIG. 3. Symptoms (A) and cosmetic signs (B) in 122 pa-
tients treated with the PLA procedure for benign thyroid
nodule at different times during the 3-year follow-up. (A)
Symptom score 0¼ asymptomatic; 1¼mild pressure com-
plaint; 2¼neck constraint; 3¼neck constraint plus swal-
lowing difficulty. (B) Cosmetic sign score 0¼ nodule not
visible; 1¼ nodule visible with hyperextended neck;
2¼nodule visible at a distance" 1 m without extending
neck; 3¼nodule visible at a distance> 1 m.

Table 3. Complications and Side Effects
of the Percutaneous Laser Ablation

Procedure on 122 Patients with Cold,
Solid Benign Thyroid Nodules

Type of reaction
No. of
cases %

SIR classa

or equivalentb

Intraoperative
Pain

Mild 14 11.5 Ab

Intense 10 8.2 Bb

Bleeding
Intranodular 9 7.4 Ab

Pericapsular 3 2.5 Ab

Vasovagal reaction 4 3.3 Ab

Vasovagal reaction with
140 0 asystolia

1 0.8 Ab

Cough 6 4.9 Ab

Immediate postoperatory
(within 24 hours)
Stridor 1 0.8 Aa

Swelling 11 9.0 Aa

Cutaneous burn 1 0.8 Aa

Laryngeal dysfunction 2 1.6 Ba

Periprocedural
(within 30 days)
Bruise 3 2.5 Aa

Fever (37.58C–38.58C) 5 4.1 Aa

Persistent pain 9 7.4 Ba

Pseudocystic transformation 6 4.9 Ba

Pseudocyst with fasciitis 3 2.5 Ca

Minor complications: A¼no therapy, no consequence; B¼nominal
therapy, no consequence; includes overnight admission for observa-
tion only.

Major complications: C¼ require therapy, minor hospitalization
(<48 hours); D¼ require minor therapy, unplanned increase in level
of care, hospitalization> 48 hours; E¼permanent adverse sequelae;
F¼death.

aSociety of Interventional Radiology (SIR) guidelines criteria.
bNot included in SIR guidelines, classified with the same criteria.
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Percutaneous Laser Ablation
of Cold Benign Thyroid Nodules:

A 3-Year Follow-Up Study in 122 Patients

Roberto Valcavi,1 Fabrizio Riganti,1 Angelo Bertani,1 Debora Formisano,2 and Claudio M. Pacella 3

Background: Percutaneous laser ablation (PLA) is a proposed therapeutic procedure for the management of
benign thyroid nodules. However, long-term results are unknown. The aim of this study was to evaluate
retrospectively the safety and effects of PLA treatment in patients with benign nonfunctioning thyroid nodules
in a 3-year follow-up.
Methods: One hundred twenty-two patients (95 women and 27 men; age 52.2! 12.3 years) with benign cold
thyroid solitary nodules or a dominant nodule within a normo-functioning multinodular goiter (volume range:
2.6–86.4 mL) underwent thermal Nd:YAG laser ablation of thyroid nodular tissue by 1–4 optical fibers posi-
tioned into the tissue by 21-gauge needles under ultrasound real-time assistance. The setting was an interven-
tional suite and outpatient endocrine clinics in a community hospital in Italy. Nodule volume, ablation volume,
side effects, serum thyroid-stimulating hormone (TSH), free triiodothyronine, free thyroxine (fT4), thyroglobulin
(Tg), anti-Tg, anti-thyroperoxidase antibodies, symptoms, and cosmetic signs were recorded.
Results: Data are mean! standard deviation. Energy delivered was 8522! 5365 J with an output power of
3.1! 0.5 W. Three years after PLA, nodule volume decreased from 23.1! 21.3 to 12.5! 18.8 mL ("47.8%! 33.1%
of initial volume, p # 0.001). At day 1, TSH and fT4 values significantly changed (time 0 vs. day 1:
TSH¼ 1.16! 1.06 vs. 0.62! 0.81 mU/mL, p # 0.001; fT4¼ 11.68! 1.88 vs. 13.20! 3.32 pg/mL, p # 0.01) and
normalized within 1 month. No change in free triiodothyronine, thyroperoxidase antibodies, and Tg antibodies
values was observed. Symptoms improved in 89 patients (73.0%), were unchanged in 28 (22.9%), and worsened
in 5 (4.1%). Cosmetic signs improved in 87 patients (71.3%), were unchanged in 29 (23.8%), and worsened in 6
(4.9%). In 11 patients (9%), nodules regrew above baseline. Two patients (1.6%) experienced delayed (12–24
hours) laryngeal dysfunction with vocal cord motility recovery after 6–10 weeks. Two patients (1.6%) became
hypothyroid and two patients (1.6%) hyperthyroid after PLA.
Conclusions: After 3 years, the PLA technique achieved shrinkage of about 50% of the initial volume in a wide
size range of benign cold thyroid nodules, with an improvement in local symptoms and signs. Side effects and
failures were few although not negligible. PLA may be a new option for the management of benign cold thyroid
nodules. Long-term controlled studies are required to establish the eligibility of patients for routine PLA.

Introduction

Present guidelines offer patients with benign thyroid
nodular disease either no treatment or partial/total thy-

roid surgery, depending on nodule size, growth, or symptoms
(1,2). Nonsurgical therapy options, including ultrasound
(US)-guided procedures, are presently under investigation
(3). US-guided percutaneous ethanol injection may be the
treatment of choice for cystic nodules (1,2,4) but is no longer

recommended for solid nodules (1,2,5,6). High-intensity
focused US was successfully investigated in ewes (7,8), but there
are no data available in humans. Recently, radiofrequency
(RF) thermal ablation has been proposed for the thyroid gland
(9–15). Percutaneous laser ablation (PLA) was the first ther-
mal ablation technique introduced by Pacella et al. (16). Sub-
sequently, several articles on PLA effects in cold (17,18), cystic
(19), and hot thyroid nodules (18–25) have been published,
including controlled trials (26–29), suggesting effectiveness

1Endocrinology Division and Thyroid Disease Center and 2Statistics and Clinical Epidemiology Unit, Arcispedale Santa Maria Nuova,
Reggio Emilia, Italy.
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and 9 minor (0.5%) complications (Table 2). No patient
had life-threatening complications (24) or required over-
night admission, intensive care, or surgical repair. A
statistically significant difference was detected among
the centers (P ! .003, P ! .011, and P " .001, respec-
tively). The rate of major complications was lower in
patients treated without local anesthesia or with no con-

scious sedation than in those managed with local anes-
thesia and conscious sedation (0.15% vs 0.81%, P !
.086, and 0.22% vs 0.98%, P ! .066, respectively).
Conversely, complaints of side effects were more fre-
quent in subjects treated without local anesthesia
(2.08% vs 0.93%, P ! .082, and 41% vs 22% P " .001,
respectively).

Table 1. Demographic Data, Effectiveness, Incidence of Major and Minor Complications, and Side Effects in Eight
Participating Centers

Hospital

Patients,
n, Males/
Females Age, ya

BTNs,
n

Volume
of BTNsa

Sessions,
mean

VR at
12th mo

Patients
Treated
With Two
or More
BTNs, n

Local
Anesthesia

Sedation,
Yes/No

Major
Complications,
n, %b

Minor
Complications,
n %b

Side
Effects,
n, %c

Albano
Laziale

341,
110/231

51.5 # 13.7 341 13 # 12
(2–126)

1,5 6.7 # 10 Yes No 1 (0.3) 1 (0.3) 37 (10.9)

Atri 138,
22/116

52.1 # 12.1 138 13 # 9
(1.5–45)

1 7.6 # 8 Yes Yes 3 (2.2) 2 (1.4) 20 (14.5)

Alzano
Lombardo

36,
4/32

58.6 # 15.0 36 5 # 3
(2–21)

1 8.4 # 5 Yes Yes 0 (0.0) 0 (0.0) 1 (2.8)

Bari 45,
10/35

52.0 # 13.3 45 24 # 19
(1.4–93)

1 9.2 # 13 Yes Yes 1 (2.2) 0 (0.0) 13 (28.9)

Cosenza 242,
62/180

54.4 # 11.8 242 19 # 13
(1.9–84)

1 7.6 # 8 Yes No 0 (0.0) 0 (0.0) 54 (22.3)

Livorno 334,
111/223

51.6 # 31.1 337 49 # 18
(10–78)

1.4 6.8 # 8 3 No No 1 (0.3) 0 (0.0) 184 (54.6)

Perugia 58,
26/32

58.1 # 8.9 58 25 # 29
(7–215)

1.1 7.6 # 7 Yes Yes 2 (3.4) 2 (3.4) 51 (87.9)

Perugia 189,
81/108

56.1 # 9.9 189 20 # 24
(3–216)

1.1 7.3 # 11 No Yes 0 (0.0) 4 (2.1) 71 (37.6)

Pisa 148,
18/130

52.6 # 13.0 148 47 # 27
(6–172)

1.1 7.2 # 11 No Yes 0 (0.0) 0 (0.0) 32 (21.6)

Combined
Hospitals

1531,
444/1087

54.1 # 14.3 1534 27 # 24
(1.4–216)

1.2 7.2 # 11 3 8 (0.5) 9 (0.6) 463 (30.2)

a Mean # SD.
b Value calculated per LAT sessions.
c The values include all side effects intraoperatively and within 24 hours days after the procedure.

Table 2. Complications and Side Effects in 1531 Patients Who Underwent LA of Thyroid Nodules

Complications and Side Effects, n, %b

Time of Detection

Type of
Complications
(SIR Class)a Intraoperatively

Immediately
Postoperatively
(Within 24 h)

Periprocedural
(Within 30 d)

Delayed
(After 30 d)

Time to
Recovery, d

Major
Voice change (C) 8 (0.5)c 2–84

Minor
Hematoma (B) 8 (0.4) 2–10
Skin burn (B) 1 (0.1) 10

Side effects
Pain (A)

Mild 194 (10.6) 61 (3.3) 1
Moderate 30 (1.6) 34 (1.9) 1–2
Severe 4 (0.2) 2–3

Vasovagal reaction (A) 12 (0.7)
Cough (A) 1 (0.1)
Fever (37.5ºC-38.5ºC) (A) 141 (7.7) 1–4

Abbreviation: SIR, Society of Interventional Radiology.
a SIR guideline criteria (24).
b Value calculated per LAT sessions.
c Detected in nodules with large volume greater than 30 mL.
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Trattamenti mininvasivi - Conclusioni 

I	trattamenti	mininvasivi	sono	metodiche	efficaci	nel	
trattamento	dei	nodi	tiroidei	benigni,	gravate	da	modesta	

incidenza	di	effetti	collaterali	
Queste	metodiche	hanno	dei	limiti	di	ordine	«generale»	e	di	

ordine	«tecnico»	
Un’adeguata	conoscenza	di	tali	limiti	(alcuni	dei	quali	sono	
peraltro	«relativi»,	in	quanto	possono	soltanto	ridurre	
parzialmente	l’efficacia		del	trattamento)	è	in	ogni	caso	

necessaria	per	un’adeguata	selezione	dei	casi,	al	fine	di	ottenere	
risultati	ottimali	
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