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Noduli solidi NON tossici 

Numerosi sono gli studi che provano la efficacia e 
sicurezza della metodica ablativa laser ModìLite 
(Elesta, Firenze), con efficacia che, come tutte le 
metodiche invasive, è operatore e centro-dipendente. 
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	 Author     Pts/Nodules no.     RCT Mean Baseline Vol (ml)              Laser source Number of session (mean) FU months      Volume Reduction % (mean) 

Dossing et al (2002) 16     10.0 
Diomed 15 plus, 810 nm 1 6 46 

Spiezia et al  (2003) 5     11.1 
Nd:Yag smart , 1064nm 

2.2 
12 61 

Pacella et al (2004) 8     22.7  
Nd:Yag smart , 1064nm 

4.1 
6 

63 

Papini et al  (2004) 20    24.1 
Nd:Yag smart , 1064nm 

2.2 
6 64 

Dossing et al  (2005)    15vs15a 
yes 

   8.2 
Diomed 15 plus, 810 nm 1 6 

44(median) 

Dossing et al (2006) 15vs15b   10.1/10.8 
Diomed 15 plus, 810 nm !/3 6 44/57 

Amabile et al (2006) 23    15.0 
Quanta D-Plus, 980 nm 

1.2 
3 

36 

Gambelunghe et al  (2006)   13vs13a yes   8.2 
Nd:Yag smart , 1064nm 1 

30 weeks 44 (median) 

Cakir et al (2006)        12/15 
  

 11.9 
Diomed 15 plus, 810 nm 

1.5 
12 

82 

Papini et al  (2007)     21vs21vs 20c   yes          11.7 
Nd:Yag smart , 1064nm 1 12 

44 

Valcavi et al (2010)         122d   23.1 
Echolaser, 1064nm 

1 
36 

48 

Dossing et al (2011) 78  yes                    8.2 
Diomed 15 plus, 810 nm 1 67 

51 (median) 

Amabile et al  (2011)         51e   53.5 
Quanta D-Plus, 980 nm   3.2 cycle        

12 81 

Gambelunghe et al (2013)      20/20f                   15/14 
Echolaser, 1064nm 1 36 

   +11/57 

Gambelunghe et al (2013) 50/50g                   21/21 
Echolaser, 1064nm 1 6 

55/56 (median) 

Papini et al  (2014) 101vs99b  yes 
12 Echolaser, 1064nm 1 36 57 

Pacella et al  (2015) 
    1531/1534   27 Echolaser, 1064nm 

1.2 
12 

72 

Achille et al (2016) 45   
24 Echolaser, 1064nm 1 

12 
84 

Negro et al (2016) 56   
15.7 Echolaser, 1064nm 1 

48 
56 

Shuhua Ma et al (2016) 90/118   
6.1 Echolaser, 1064nm 1 

18 99h 

Mauri (2016) 31   
20.3 Echolaser, 1064nm 1 

12 
70 

Pacella et al  (2017) 449   
21.5 Echolaser, 1064nm 1 

12 
63 

Pts=Patients; a laser session vs control group; b one laser session vs three laser sessions; c pts treated with laser energy vs patients treated with L-T4 or no treated; d the energy was delivered continuously 
while retracting the applicators  in a single session; e the energy was delivered continuously while extracting the needle in multiple sessions;f retrospective comparison between a group treated with low 
amount of energy and one treated with a high amount of energy; g retrospective comparison between  patients treated with  local anesthetic and patients treated without local anesthetic; h only 48 nodules 
have the 18months follow-up 

Clinical Outcomes of Patients with Symptomatic 
Benign Thyroid Cold  Nodules Treated with PLA 
 
 



Roma,	9-12	novembre	2017	

	

Long-term Efficacy of Ultrasound-guided Laser
Ablation for Benign Solid Thyroid Nodules. Results of
a Three-year Multicenter Prospective Randomized
Trial

Papini E*, Rago T, Gambelunghe G°, Valcavi R”, Bizzarri G**, Vitti P, De Feo P°,
F. Riganti”, Misischi I*, Di Stasio°°, and Pacella CM**

*Department of Endocrinology, Regina Apostolorum Hospital, Albano Laziale, Italy; Department of
Endocrinology, University of Pisa, Pisa, Italy; °Department of Medicine, Perugia, Italy; ”Thyroid Disease
Center, Arcispedale Santa Maria Nuova, Reggio Emilia, Italy; °° Institute of Biochemistry and Clinical
Biochemistry. Catholic University “Sacro Cuore”, Rome, Italy; **Department of Diagnostic Imaging,
Regina Apostolorum Hospital, Albano Laziale, Italy. ClinicalTrials.gov Identifier: NCT00858104

Background. The aim of the present trial on ultrasound (US)-guided laser ablation therapy (LAT)
of solid thyroid nodules is to assess long-term clinical efficacy, side effects, and predictability of
outcomes in different centers operating with the same procedure.

Patients. Two hundred consecutive patients were randomly assigned to a single LAT session (Group
1, 101 cases)) or to follow up (Group 2, 99 cases) at four thyroid referral centers. Entry criteria were:
solid thyroid nodule with volume 6–17 ml, repeat benign cytological findings, normal thyroid
function, no autoimmunity, no thyroid gland treatment.

Methods. Group 1: LAT was performed in a single session with two optical fibers, a 1,064 nm
Nd-YAG laser source, and an output power of 3 watts. Volume and local symptoms changes were
evaluated 1, 6, 12, 24 and 36 months after LAT. Side effects and tolerability of treatment were
registered. Group 2: follow up with no treatment.

Results. One patient was lost to follow-up in each group. Group 1: Volume decrease after LAT was
-49!22%, -59!22%, -60!24%, and -57!25% at 6, 12, 24, and 36 months, respectively (p "0.001
vs baseline). LAT resulted in a nodule reduction of #50% in 67.3% of cases (p"0.001). Local
symptoms decreased from 38% to 8% of cases (p$0.002) and cosmetic signs from 72% to 16% of
cases (p$0.001). Baseline size, presence of goiter, (p$0.55) or US findings (fluid component !20%
(p$0.84), halo (p$0.46), vascularization (p$0.98), and calcifications (p$0.06) were not predictive
factors of a volume decrease # 50%. The procedure was well tolerated in most (92%) cases. No
changes in thyroid function or autoimmunity were observed. In Group 2, nodule volume increased
at 36 months (25!42% p$0.04). The efficacy and tolerability of the procedure were similar in
different centers.

Conclusions. A single LAT treatment of solid nodules results in significant and persistent volume
reduction and local symptom improvement, in the absence of thyroid function changes.

The long-term management of thyroid nodular disease
is a frequent problem in endocrine practice (1–3).

Most thyroid nodules with favorable sonographic (US)
and cytological features may be followed up with a simple

clinical and ultrasound (US) examination (3–4) but some
of these lesions grow with time and become symptomatic
(2, 5–6). As no effective medical treatment to shrink thy-
roid nodules has been identified, surgery still represents
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the usual therapy for those steadily growing cold nodules
that are the cause of local symptoms or patients’ concern.
Thyroidectomy is a well-established and effective treat-
ment for thyroid nodular disease, but its risk of cosmetic
damage to the neck and of permanent complications is still
not insignificant (7). Further, surgery is a costly inpatient
procedure, is frequently followed by hypothyroidism, and
may not be appropriate in patients at surgical risk (2).

Over the last 20 years, image-guided, minimally inva-
sive techniques have been proposed for the treatment of
clinically relevant benign thyroid nodules (8–9). Percuta-
neous ethanol injection (PEIT) is now acknowledged as a
rapid, effective, and inexpensive treatment for cystic thy-
roid lesions (10), while thermal ablation with laser abla-
tion therapy (LAT) or radiofrequency ablation (RFA) are
employed more and more frequently for enlarging solid or
complex thyroid nodules (8–9). After initial studies (11–
12), several nonrandomized series (13–27) and a few pro-
spective randomized trials (28–32) have been published
on laser ablation. These contributions from different cen-
ters have confirmed that LAT is an effective treatment for
the reduction of large thyroid nodules. However, most
were single-center trials, with a limited number of enrolled
patients, sometimes retrospective or with a short-term fol-
low up (8–9). Moreover, defining the real role of LAT in
thyroid nodule management was hampered by the heter-
ogeneity of the functional and structural characteristics of
the treated lesions, the variable treatment modalities, and
the limited extent of LAT effects monitoring.

The aim of the present prospective randomized multi-
center trial on ultrasound (US)-guided laser ablation of
solid thyroid nodules was to assess the long-term clinical
efficacy, side effects, and variability of LAT outcomes in
different thyroid centers operating with the same proce-
dure. Strict enrolment criteria were used for the exclusion
of possible confounding factors in the evaluation of treat-
ment results.

Design of the Study
Prospective multicenter randomized trial comparing

the three-year effects of a single laser ablation procedure
vs follow up in a consecutive series of euthyroid patients
with benign solid thyroid nodules.

Patients and Methods

Patients. Two hundred out of over two thousand consecutive
patients with a single or dominant thyroid nodule were enrolled
by four Italian thyroid referral centers over a one-year period. All
patients were referred because of a palpable nodule that caused
cosmetic or pressure symptoms.

Most patients were not eligible for the study because of thy-

roid function abnormalities, inappropriate size or structure of
the nodules, or previous surgical or radioiodine treatment (Fig-
ure 1). After being fully informed, the eligible patients (age range
18–80 years; mean, 54 ! 14years, 39 [19.5%] males and 161
[80.5%] females) gave their written consent and entered the
study.

Entry criteria were: solid thyroid nodule with a volume 6–17
ml, with at least one diameter greater than 30 mm; repeat (at least
two) benign cytological findings; normal serum TSH, FT4 and
FT3 values, hypoactive or non delineated appearance at 99mTc
thyroid scintiscan; no thyroid autoimmunity process; no prior
thyroid gland treatment. Patients receiving LT4/LT3 therapies,
iodine or herbal supplements, and those with a history of exter-
nal radiotherapy or radiodine exposure were excluded from the
study.

Patients were randomly assigned to a single LAT treatment,
performed with the same equipment and procedure at all centers
(group 1), or to simple clinical and US follow up (group 2) (Table
1). A computer-based number generator was used to randomly
assign each patient to one of the two groups and results were
supervised by an external monitor.

The study was conducted in compliance with the Helsinki
Declaration and the local Bioethics Committees.

Follow up. Nodule volume assessment. Thyroid sonographic
evaluation was conducted at baseline and after 1, 6, 12, 24, and
36 months by means of a commercially available US scanner
(Echo-laser, Esaote, Genoa, Italy) equipped with a 7.5–13.0 Mhz
linear transducer. The nodule volume was calculated with the
ellipsoid formula by two experienced sonographers in each cen-
ter. The previously defined intra- and interobserver coefficients
of variation for sonographic volume assessment (as assessed in
the RA Center) were 3.9% and 5.6%, respectively (33).

Clinical and laboratory follow-up was performed at 1, 6, 12,

Figure 1. Selection of the patients for the enrolment in the trial

2 Laser ablation for thyroid nodules J Clin Endocrinol Metab
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and informed of their follow up schedule. They were asked not
to take any medication containing thyroid hormones or iodine.
Patients were followed up with the same schedule for clinical,
hormonal, and US follow-up as the active treatment group.

Statistical Analysis
Statistical analysis was performed by using the Statistical

Package for Social Science (SPSS), release 15.0. All data were first
analyzed for normality of distribution using the Kolmogorov-
Smirnov test of normality. Continuous variables were expressed
as mean ! SD, categorical variables displayed as frequencies,
and the appropriate parametric or nonparametric test was used
to assess significance of the differences between subgroups. All
data are expressed as mean ! SD unless otherwise specified.
Timing differences within subjects were analyzed by means of
repeated measures analysis of variance (ANOVA) or Kruskal-
Wallis test for normally or not normally distributed variables,
respectively. Multivariate binary logistic analysis, applying step-
wise logistic regression, was performed to evaluate the relation-
ship between the reduction of nodule at the 36th month and US
nodule characteristics. All of the tests were two-sided and sta-
tistical significance was set at P " .05.

Results

Clinical, demographic, and laboratory findings of the
population under study, stratified by treated/untreated
groups, are reported in Table 1. No significant differences
between subjects were found. The mean and the highest
US-assessed thyroid nodule volume in group 1 and 2 pa-
tients are shown in figure 2. One patient in group 1 and one
patient in group 2 were lost at follow-up. One patient in
group 2 was operated upon after 2 years of follow-up due
to nodule growth and patient concern.

No significant difference was detected at baseline be-
tween groups. A significant decrease in volume was ob-
served in treated compared to untreated group at different
timings. The mean volumetric changes at different timings
in the two groups are reported in figure 3. After LAT, a

progressive nodule volume reduction was found until 12
months. Thereafter, nodule volume remained substan-
tially stable at 24- and 36- month controls. Delta mean
volume vs baseline was –49 ! 22%, –59 ! 22%, –60 !
24%, and –58 ! 25%, respectively (P " .001).

At the 36th-month checkup, a reduction of ! 50% was
observed in 67% of the treated cases (P " .001). On the
other hand, LAT resulted in a nodule volume reduction "
20% at the 3-year control in 7 of 101 (7%) patients. The
mean nodule volume reduction in the four different cen-
ters was –64.6 ! 21%, –48.8 ! 34%, –58.8 ! 16%, and
–55.9 ! 24%, respectively (figure 4). The intercenter co-
efficient of variation for nodule volume decrease at 36
months was 13.5%. On the contrary, a mounting increase
in the nodule size, up to a mean # 25% at the end of the
study, was observed in the untreated subjects.

No clinical or US baseline feature appeared as a pre-
dictive factor of a thyroid nodule volume reduction of $
50% at multivariate logistic analysis. In particular, the
baseline nodule volume (P % .9), presence of multinodular
goiter (P % .55) or specific US findings (existence of a small

Figure 2. Mean nodule volume changes, in mL (columns), and
standard deviations (error bars) at 6, 12, 24, and 36 months vs
baseline in group 1 (LAT-treated patients) and group 2 (control
subjects).

Figure 3. Mean (! SD) nodule volume percent changes (%) at 6, 12,
24, and 36 months vs baseline values in group 1 (LAT-treated patients)
and group 2 (control subjects).

Figure 4. Mean nodule volume percent changes (columns) and
standard deviations (error bars) 36 months after laser treatment in the
four participating centers (group 1, laser treatment, and group 2,
control patients). Insert Figure 4.TIFF and after Number of treated
patients: center 1 % 24, center 2 % 26, center 3 % 25, and center 4 %
26.

4 Laser ablation for thyroid nodules J Clin Endocrinol Metab
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Conclusioni 

•  Una singola seduta laser con due fibre induceva una significativa 

riduzione di volume dei noduli trattati (60%), con conseguente 

miglioramento dei sintomi compressivi nella maggioranza dei 

noduli solidi, scintigraficamente freddi, sottoposti a trattamento. I 

risultati venivano raggiunti progressivamente in 6-12 mesi e si 

mantenevano stabili nei successivi 3 anni. 
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Outcomes and Risk Factors for Complications of Laser
Ablation for Thyroid Nodules. A Multicenter Study on
1531 Patients

Pacella CM*, Mauri G°, Achille G°°, Barbaro D°°°, Bizzarri G*, De Feo P**,
Di Stasio E!, Esposito R, Gambelunghe G**, Misischi I***, Raggiunti B,
Rago T, Patelli GL#, D’este S #, Vitti P, and Papini E***

*Department of Diagnostic Imaging, Regina Apostolorum Hospital, Albano Laziale, Italy; °Department of
Diagnostic Imaging and Interventional Oncology Unit, Circolo Hospital of Busto Arsizio, Busto Arsizio,
Italy; °°Cervico-Facial Ultrasound Diagnostic and Interventional Unit, Institute of Oncology, Bari, Italy;
°°°Endocrinology Unit, A.S.L.6 Livorno, Livorno, Italy;**Department of Internal Medicine, University of
Perugia, Perugia, Italy; !Institute of Biochemistry and Clinical Biochemistry, Catholic University “Sacro
Cuore”, Rome, Italy; Endocrinology Unit, S.S. Annunziata Hospital, Cosenza, Italy; Endocrinology
Unit, Atri Hospital, Italy; Department of Endocrinology, University of Pisa, Pisa, Italy; #Interventional
Radiology, Pesenti-Fenaroli Hospital, Alzano Lombardo, Italy; ***Department of Endocrinology, Regina
Apostolorum Hospital, Albano Laziale, Italy

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

Patients:Clinical records of 1,534 consecutive laser-treated nodules in 1,531 patients from eight
Italian thyroid referral centers were assessed. Inclusion criteria were: solid or mixed nodules with
fluid component up to 40%; benign cytological findings; normal thyroid function.

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

Results:Total number of treatments was 1,837; 1,280 (83%) of nodules had a single LAT session.
Mean nodule volume decreased from 27"24 mL at baseline to 8"8mL 12 months after treatment
(p#0.001). Mean nodule volume reduction was 72"11% (range, 48–96%). This figure was signif-
icantly greater in mixed nodules (79"7%; range,70–92%) because they were drained immediately
before laser illumination. Symptoms improved from 49% to 10% of cases (p#0.001) and evidence
of cosmetic signs from 86% to 8% of cases (p#0.001). Seventeen complications (0.9%) were reg-
istered. Eight (0.5%) patients experienced transitory voice changes that completely resolved at ENT
examination within 2–84 days. Nine (0.5%) minor complications were reported. No changes in
thyroid function or autoimmunity were observed.

Conclusions:Real practice confirmed LAT as a clinically effective, reproducible, and rapid outpa-
tient procedure. Treatments were well tolerated and risk of major complications was very low.

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in USA
Copyright © 2015 by the Endocrine Society
Received April 14, 2015. Accepted August 11, 2015.
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periprocedural session (within 30 days), and 12 months after the
procedure. In the event of complications, the related imaging
examinations were performed immediately after symptom onset.
Local pressure symptoms and clinical assessment of cosmetic
signs were evaluated according to previously published criteria
(23), and according to the criteria set out by the multidisciplinary
team. Briefly, local symptoms were evaluated by means of a
questionnaire assessing the presence/absence of one the follow-
ing symptoms: 1. no symptoms; 2. mild pressure complaint; 3.
neck constriction and/or swallowing difficulty. The clinical as-
sessment of the signs of nodular goiter was performed by visual
inspection: 1. nodule not visible; 2. nodule visible only with hy-
perextended neck; 3. nodule visible at a distance ! 1 m. The use
of analgesics or other drugs and the duration of treatment were
recorded. All patients who showed minor voice changes were
evaluated by an ENT specialist with fiberoptic laryngoscopy.

Questionnaire
The questionnaire administered by each center included the

following: modality of local anesthesia, conscious sedation
and/or analgesia regimen; number and size of nodules; number
of treatment sessions; nodule volume and serum TSH, FT4 and
TPOAb at baseline and 12 months after LAT; number and types
of major or minor complications and side effects; management of
complications, time of their detection and period or treatment
required for their recovery.

The definition of complications was consistent with the stan-
dardized terminology and reporting criteria for image-guided
tumor ablation proposed by other authors (22) and with the
classification criteria suggested by the Society of Interventional
Radiology (24). A major complication was an event that, if left
untreated, could be life-threatening, could result in minor or
prolonged hospital stay, or could lead to permanent adverse se-
quelae with substantial morbidity and disability. All other com-
plications were considered minor.

Side effects were considered common untoward and unde-
sired consequences that did not require an increase in level of
care. A numeric scale (Visual Rating Scale - VRS) was used to rate
pain intensity (0 " no pain and 10 " severe pain) (25). Accord-
ingly, the pain was categorized as mild (#4/10), moderate (5/10

to 6/10), or severe (!7/10). Pain lasting less than 3 days was
judged as acute.

The nodule population were classified by the multidisci-
plinary team, in agreement with the data available in the litera-
ture (12, 26, 27), into three classes according to baseline volume:
nodules with initial volume ! 13 mL were classified as small,
those between 13.1 to 30.0 mL as medium, and those ! 30 mL
as large. Two physicians (CMP and EP) with substantial expe-
rience in the management of patients undergoing LAT prepared
the questionnaire and contacted the centers.

Statistical Analysis
Statistical analysis was performed by using the Statistical

Package for Social Science (SPSS), release 15.0. Continuous vari-
ables were expressed as mean $SD, and categorical variables
displayed as frequencies and compared using the "2 or Fisher test,
as appropriate. A P value of less than 0.05 was considered sta-
tistically significant.

Results

Clinical records from January 2004 to December 2013
were reviewed. The study included 1534 benign thyroid
nodules in 1531 patients (444 male/1087 female patients;
mean age 54.1 year) that were ablated percutaneously
through LAT. The number of nodules treated at each cen-
ter ranged from 36 to 341.

The mean volume of the treated nodules was 27 $ 24
mL (range, 1.4–216 mL). Total number of treatment ses-
sions was 1837. One thousand two hundred and eighty
(83%) of 1534 nodules were treated with a single LAT
session, 205 (13%) with two sessions, and 49 (3%) with
three sessions (mean 1.2, range 1–3; Table 1). The total
energy delivery in the different nodules ranged from
1200–1800 J using a single applicator and a single illu-

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

Hospital
No. of

Pts1 M/F Age2 No of
BTNs3 Vol .of

BTNs2,3 Sessions
mean

VR at 12th
month

No. of Pts treated with
two or more BTNs

Local
Anaesthesia

Sedation
yes/no

Major Complications
No(%)4

Minor Complications
no(%)4

Side Effects
No(%)5

Albano L. 341 51.5 $ 13.7 341 13 $ 12 1,5 6.7 $ 10 yes no 1 (0,3) 1 (0,3) 37 (10.9)

110/231 (2–126)

Atri 138 52.1 $ 12.1 138 13 $ 9 1 7.6 $ 8 yes yes 3 (2.2) 2 (1.4) 20 (14.5)

22/116 (1.5–45)

Alzano L 36 58.6 $ 15.0 36 5 $ 3 1 8.4 $ 5 yes yes 0 (0.0) 0 (0.0) 1 (2.8)

4/32 (2–21)

Bari 45 52.0 $ 13.3 45 24 $ 19 1 9.2 $ 13 yes yes 1 (2.2) 0 (0.0) 13 (28.9)

10/35 (1.4–93)

Cosenza 242 54.4 $ 11.8 242 19 $ 13 1 7.6 $ 8 yes no 0 (0.0) 0 (0.0) 54 (22.3)

62/180 1.9–84)

Livorno 334 51.6 $ 31.1 337 49 $ 18 1.4 6.8 $ 8 3 no no 1 (0.3) 0 (0.0) 184 (54.6)

111/223 (10–78)

Perugia 58 58.1 $ 8.9 58 25 $ 29 1.1 7.6 $ 7 yes yes 2 (3.4) 2 (3.4) 51 (87.9)

26/32 (7–215)

Perugia 189 81/108 56.1 $ 9.9 189 20 $ 24 1.1 7.3 $ 11 no yes 0 (0.0) 4 (2.1) 71 (37.6)

(3–216)

Pisa 148 52.6 $ 13.0 148 47 $ 27 1.1 7.2 $ 11 no yes 0 (0.0) 0 (0.0) 32 (21.6)

18/130 (6–172)

Combined Hospitals 1531 1534 27 $ 24 7.2 $ 11 3 8 (0.5) 9 (0.6) 463 (30.2)

444/1087 54.1 $ 14.3 (1.4–216) 1.2

1 Patients; 2 mean$ SD; 3 BTNs " Benign Thyroid Nodules; 4 value calculated per LAT sessions; 5 the values include all side effects intra-operatively
and within 24 h days after the procedure

doi: 10.1210/jc.2015-1964 press.endocrine.org/journal/jcem 3
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mination to 14 400–21 600 Joules with four applicators
and three illuminations. The drainage of the liquid com-
ponent, when present, was performed immediately before
thermal treatment. All nodules were benign at cytological
assessment.

Effectiveness
Mean nodule volume in solid and mixed nodules de-

creased from 27 ! 24 mL at baseline to 8 ! 8 mL 12
months after treatment (P " .001). LAT induced a mean
nodule volume reduction at 12 months that ranged from
48% to 96% (mean, 72 ! 11%) vs baseline. In the sub-
group of nodules with a fluid component up to 40%
(mean, 30 ! 6%), mean volume decreased from 12 ! 18
mL at baseline to 2.4 ! 2.3 mL 12 months after treatment
(P " .001), with mean volume reduction of 79 ! 7%
(range, 70%–92%). The volume reduction in small, me-
dium, and large nodules was 73 ! 10%, 73 ! 11%, and
71 ! 10%, respectively.

Serum TSH and FT4 levels did not change significantly
at the 12-month check-up vs the baseline values (1.7 ! 0.7
vs 1.6 ! 0.7, P # 0. 394 and 11.7 ! 1.4 vs 11.8 ! 1.8, P #
0. 674, respectively).

Local symptoms score improved from 49% to 10% of
cases (p"0.001) and evidence of cosmetic signs changed
from 86% to 8% of cases (P " .001). In more detail, local
symptoms score improved from 15% to 3% in small nod-
ules (p"0.001), from 42% to 11% in medium (p"0.001),
and from 90% to 19% in large (p"0.001). Evidence of
cosmetic score improved from 80% to 5% in small nod-
ules (p"0.001), from 86% to 8% in medium (p"0.001),
and from 93% to 14% in large (p"0.001).

Complications Rate
Seventeen complications (0.9% of the whole number of

LAT sessions) were recorded, including 8 (0.5%) major
and 9 (0.5%) minor complications (Table 2). No patient
had life-threatening complications (24) nor required over-
night admission, intensive care, or surgical repair. A sta-
tistically significant difference was detected among the
centers (P # .003, P # .011, and P " .001, respectively).
The rate of major complications was lower in patients
treated without local anesthesia or with no conscious se-
dation than in those managed with local anesthesia 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 frequent in subjects
treated without local anesthesia (2.08% vs 0.93%, P #
.082 and 41% vs 22% P " .001, respectively).

Major complications
Eight (0.5%) patients experienced voice changes oc-

curring immediately after the procedure and fiberoptic
laryngoscopy confirmed an ipsilateral vocal cord palsy. In
six of these cases (75%) thyroid nodules were close to the
infero-medial portion of thyroid, while in two cases (25%)
the target lesions were near the lateral margin of the gland.
All patients recovered their voice completely within 2–84
days (mean 22 days) after oral administration of cortico-
steroids for a time ranging from 2 days to 2 weeks (Table
2). Fiberoptic laryngoscopy was performed after 3 months
in all these cases and demonstrated recovery of normal
function of the vocal cords.

Minor complications and side effects
Nine (0.5%) minor complications were reported, in-

cluding subcapsular or perithyroidal hematoma and skin

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

Type of complications (SIR Class)1

Complications and Side Effects no. (%)2

Time of Detection

Time to Recovery (days)

Intra-operatively Immediate
post-operative
(within 24 h)

Peri-procedural
(within 30 days)

Delayed
(after 30 days)

Major
Voice change (C) 8 (0.5)* 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 (A) 12 (0.7)
reaction
Cough (A) 1 (0.1)
Fever (A) 141 (7.7) 1–4
(37.5 C-38.5 C)

1 Society of Interventional Radiology (SIR) guidelines criteria(24); 2 value calculated per LA sessions; * detected in nodules with large volume $30
ml

4 Outcomes of Laser Ablation for Thyroid Nodules J Clin Endocrinol Metab
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Conclusioni 

•  La riduzione di volume dei noduli era 73 ± 10%. 

•  Notevoli miglioramenti si avevano sia sul “Local symptoms 
score” che sui “cosmetic signs”. 
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Volume 

(ml) 
Pre-T. 3 mesi 6 mesi 1 anno 3 anni 

 

N = 633 
 

 

Mediana 
 

 

16 
 

7,5  
(- 53 %) 

 

5,8 
(- 64%) 

 

5,8 
(- 64%) 

 

5,9  
(- 64%) 

 
 

Minimo 
 

 

10 
 

4 
 

2,4 
 

2,4 
 

2,2 

 

Massimo 
 

 

289 
 

197 
 

114 
 

44* 
 

31*  
* II° trattamento 

Esperienza nel centro di Perugia 
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Dati di laboratorio 

Tempo 0 1 giorno 1 anno 3 anni 

 

TSH  
(uUI/ml) 
 

 
1,6 ± 0.9 

 
1,3 ± 0,8 

 
1,5 ± 1 

 
1,4 ± 0,9 

 

FT4  
(pg/ml) 
 

 
10,1 ± 1,9 

 
15,7 ± 4,9 

 
10,1 ± 1,9 

 
10,3 ± 1,2 

 

TG  
(ng/ml) 
 

 
72 ± 378 

 
4891 ± 9346 

 
77 ± 327 

 
79 ± 311 
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Complicazioni 

 

Febbricola 
 

 

12% 

 

Dolore di lieve entità 
 

 

10% 

 

Ematoma sottocutaneo 
 

 

0,5 % 
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Lasers in Surgery and Medicine

Clinical Report
The Administration of Anesthetic in the Thyroid
Pericapsular Region Increases the Possibility of Side
Effects During Percutaneous Laser Photocoagulation of
Thyroid Nodules
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Background and Objective: Nodular thyroid disease is
very frequent in iodine-deficient areas affecting at least
50% of the population. Percutaneous laser ablation (LA)
represents an effective method and an alternative to con-
ventional surgery. Since the first description of the LA
methodology for thyroid nodules, various studies have
suggested some modifications to increase the percentage
of volume reduction of the nodules. One of these alterna-
tives involves the injection of anesthetic in the pericapsu-
lar thyroid space with detachment of the capsule itself
from the surrounding tissue. The aim of this study was to
retrospectively evaluate whether using local anesthetic
during LA is more effective in reducing volume size of
treated nodules, and whether it causes fewer side effects
than using no local anesthesia.
Study Design: A retrospective analysis was conducted
on 100 LA procedures performed on 100 patients between
January 2009 and December 2011. The patients were
divided into two groups: Group A (n ¼ 50) received Lido-
caine around the capsule of the thyroid nodule and Group
B (n ¼ 50) did not receive any local anesthetic treatment.
Before treatment, the median volume size of the nodules
of the two groups was similar.
Results and Conclusions: The results of our study
demonstrate that the injection of local anesthetic does
not help reduce nodule volume and that side effects
(fever and pain) increase about threefold in the early
hours following LA treatment. Thus, we do not recom-
mend local anesthesia before LA of thyroid nodules.
Lasers Surg. Med. ! 2013 Wiley Periodicals, Inc.

Key words: local anesthetic; laser ablation; thyroid
nodules; multinodular goiter

INTRODUCTION

In cross-sectional surveys worldwide, the prevalence of
multinodular goiter in the adult population has increased,

with the male to female ratio of at least 1:4 [1]. In the
Whickham survey, 16% of the cohort had palpable diffuse
or multinodular goiters (MG) [2]. The natural history of
multinodular goiter varies, with goiter growth and func-
tion being difficult to predict in patients; 20% (or more) of
the solid nodules appear to increase in size over time [3].
The therapeutic strategies for euthyroid patients are clin-
ical surveillance, L-thyroxine (L-T4) suppression therapy,
percutaneous ethanol injection, and surgery. The latter is
indicated in the following clinical situations: progressive
growth of the entire goiter or individual nodules; compres-
sion of the trachea, esophagus, recurrent laryngeal nerve,
or cervical veins; and significant aesthetic disfigurement.
L-T4 therapy has little or no effect on nodule size [4].

In 2002 and 2004, Døssing [5] and Pacella [6], respec-
tively, introduced ultrasound-guided laser photocoagula-
tion for the treatment of benign thyroid nodules. In the
last decade, some variants of the original technique have
been proposed to increase the effectiveness and reduce
the side effects [6–19]. One of these changes involved the
use of local anesthetic administered in the pericapsular
thyroid space close to the nodule to be treated [15].
However, since the introduction of this anesthetic proce-
dure, no study has examined its potential advantages.
To answer the question of whether the injection of local
anesthetic increases the effectiveness of treatment and
reduces post-treatment side effects, we retrospectively ex-
amined the results of percutaneous laser ablation (LA) in
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Conflicts of Interest and none were reported.
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100 patients, half of whom received Lidocaine infiltration
of the thyroid capsule close to the nodule before the
procedure.

MATERIALS AND METHODS

The present study is a retrospective analysis of 100 LA
procedures performed on 100 patients between
January 2009 and December 2011. The patients, whose
characteristics are summarized in Table 1, were divided
into two groups: Group A (n ¼ 50) received Lidocaine
around the thyroid capsule close to the nodule and Group
B (n ¼ 50) did not receive any local anesthetic pre-
treatment. As this study was designed to compare the po-
tential benefits of local anesthesia versus no anesthesia,
the nodules in the two groups were matched for volume,
energy delivered, age and sex of the patients, solitary
versus prominent nodules.

The inclusion criteria for LA were single or dominant
nodule with a diagnosis of benignity obtained through
fine needle aspiration biopsy (FNA); solid nodule; size of
the nodule between 9 and 41 ml; cold nodule on 99 mTc
scinti scan; normal TSH, FT3, and FT4; negative anti-TSH
receptor antibodies (TRAb); negative anti-thyroperoxidase
antibodies (TPOAb) and anti-thyroglobulin antibodies
(TgAb); and normal calcitonin level. The LA procedure re-
ceived approval from the local Institutional Review Board
and fully informed written consent was obtained from all
the subjects who met the inclusion criteria.

LA was performed under sterile conditions and US
guidance, as described by Pacella et al. [6], with patients
under mild sedation (midazolam, 1.25 mg i.v.). Local an-
esthesia was administered under US guidance using 27
gauge needles with 2% Lidocaine (2–5 ml) in the pericap-
sular thyroid space close to the nodule to be treated in the
50 subjects of Group A.

The needle was inserted into the thyroid lesion using a
multifrequency probe (8–13 MHz) (Esaote). A 300m laser
quartz fiber was inserted in the needle lumen, with 8 mm
of the fiber extending from the needle tip. The patients
were treated via a 1,064 nm continuous-wave neodymium
yttrium–aluminum–garnet laser (Smart 1064, Elesta,
Geneva, Italy). A continuous output power of 3 W was
used at variable times, with fibers being pulled back
whenever necessary. To avoid damage to adjacent struc-
tures, we maintained the needle at least 1 cm from a nod-
ule capsule margin. All the patients received a single
treatment. The same two physicians performed laser
treatment on all the nodules. The volume of the nodules

treated was measured by the same treatment-blinded in-
vestigator using the ellipsoid formula before treatment
and at 1, 4, 8, and 30 weeks afterwards.
Pain intensity was measured with the Numerical

Rating Scale (NRS) [20], 8 and 24 hours after the LA.

STATISTICAL ANALYSIS

Statistical analysis was performed using chi-square
test (2 " 2) using Yates correction with Woolf (logit)
approximation, and the odds ratios were also calculated.
The data are presented as median, minimum, and maxi-
mum, and the level of statistical significance was set at
P < 0.05. All calculations were carried out using Predic-
tive Analytic Software (PASW) release 17.0.2, SPSS Inc.,
Chicago, 2009.

RESULTS

The results are summarized in Tables 2 and 3. The nod-
ule volumes in Group A (9–41 ml) and Group B (8–39 ml)
were comparable (21 ml) and the energy delivered per ml
of the nodular tissue in both groups of patients was also
similar: the total amount of energy delivered per ml of
nodular tissue was 502 (410–624) J in Group A and 499
(437–640) J in Group B. The nodules of the subjects in
Group A were reduced from 21 (9–41) to 9.5 (5–28) ml
while those of Group B were reduced from 21 (8–39) to 9.3
(4.5–26) ml (P < 0.0001 compared to baseline).
No patient developed major complications as defined by

the Society of Interventional Radiology Clinical Practice
Guidelines [21].
With regard to minor complications, 30/50 patients in

Group A (60%) reported fever on the evening of treatment,
which resolved in about 12 hours for all except one
patient, who reported prolonged fever for 30 hours and
who required treatment with paracetamol. One patient
had dysphonia, which resolved after 7 days of steroid
therapy (dexamethasone 8 mg/per day) and 21/50 (42%)
patients had pain lasting an average of 24 hours, which
required treatment with acetaminophen or NSAIDs in
10/21 subjects (47.6%).

TABLE 1. Case Summary

Total Group A Group B P value

Male/female 42/58 20/30 22/28 NS
Age median (range) 58 (41–77) 59 (41–77) 60 (43–76) NS
Volume of nodule median (range) 21 (8–41) 21 (9–41) 21 (8–39) NS
Energy delivered median (range) 500 (410–640) 502 (410–624) 499 (437–640) NS

TABLE 2. Side Effects

Group A Group B OR P

Fever 30/50 (60%) 12/50 (24%) 4.75 0.0003
Pain 21/50 (42%) 5/50 (10%) 6.51 0.0006
Dysphonia 1/50 (2%) 0/50 NS

2 GAMBELUNGHE ET AL.
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Introduction

Cross-sectional surveys worldwide indicate that the 
prevalence of multinodular goiter has grown in the adult 
population and that the women to men ratio is at least 
4:1.1 In the Whickham survey, 16% of the cohort had 
palpable diffuse multinodular goiters.2 The natural his-
tory of multinodular goiter varies as goiter growth and 
function are difficult to predict in patients; 20% (or more) 
of the solid nodules appear to increase in size over time.3 
The therapeutic strategies for euthyroid patients are 
clinical surveillance, L-thyroxine (L-T

4
) suppression 

therapy, and percutaneous ethanol injection and surgery, 
which is indicated in the following clinical situations: 
progressive growth of the entire goiter or of individual 

nodules; compression of the trachea, esophagus, recur-
rent laryngeal nerve or cervical veins; and significant 
esthetic disfigurement. L-T

4
 therapy has little or no effect 

on nodule size.4

Percutaneous ethanol injection appears to be effective 
in the treatment of mixed nodules but does not have an 
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Ultrasound-Guided Interstitial Laser 
Ablation for Thyroid Nodules Is Effective 
Only at High Total Amounts of Energy: 
Results From a Three-Year Pilot Study
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Massimo Monacelli, MD2, Nicola Avenia, MD3, Michele D’Ajello, MD2,  
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Abstract
Objective. According to cross-sectional surveys, the prevalence of nontoxic nodular goiter appears to be higher in the 
adult population. Surgical intervention is indicated for the following: (a ) progressive goiter growth, (b) compression 
of organs such as the trachea and esophagus, and (c) significant aesthetic disfigurement. Ultrasound-guided laser 
photocoagulation for the treatment of benign thyroid nodules is a viable alternative to traditional surgery. However, 
studies that have appeared in literature since the introduction of ultrasound-guided laser photocoagulation for the 
treatment of benign thyroid nodules report contradictory data concerning the energy required for nodule ablation. 
The aim of the present trial was to evaluate retrospectively the efficacy of percutaneous laser thermal ablation in  
2 groups of patients, one treated with low, and the other with high, total amount of energy. Design. Forty euthyroid 
patients were treated with 1 session of percutaneous laser photocoagulation treatment at low (median = 71 J/mL;  
20 patients) and high (median = 578 J/mL; 20 patients) energy. The volume of the nodules was measured by the same 
investigator, blinded for treatment, using the ellipsoid formula before treatment, at 2, 4, 8, and 30 weeks, and every 
6 months for 3 years thereafter. Results. Thyroid nodule ablation is effective over time only if a sufficient amount of 
energy (>400-500 J/mL for the nodular tissue to be treated) is given, although it incurs proportionate side effects. 
Conclusions. Percutaneous laser thermal ablation is a viable alternative to traditional surgery for the treatment of benign 
nodular thyroid disease only if a sufficient amount of energy is delivered.
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laser ablation, thyroid nodules, multinodular goiter
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group 2. The reduction in volume at 6 months (after treat-
ment) was 43% in group 1 and 46% in group 2. After 1 
year, the median nodule volume in group 1 had increased 
from 9.5 mL (at 6 months) to 13 mL, whereas it remained 
stable at 6 mL in group 2.

After 2 years, the median nodule volume in group 1 
patients was again consistent with pretreatment values, 
whereas in group 2 patients, therapeutic benefits were 
retained after 2 years. At the 3-year follow-up, nodule 
volume in group 1 had increased with respect to time 0, 
whereas in group 2 the reduction in volume was 
maintained.

Statistical analysis showed a significant difference 
between the values recorded at the different times  
(P < .0001) and a significant interaction between volume 
and energy, thus suggesting that the intensity of energy 
has an impact on volume over time. Significant linear and 
quadratic trends with regard to the volume and linear 
trends were also evident but only with regard to volume–
energy interaction.

The delivery of low energy was found to have an early 
and strong rebound effect on nodule volume, unlike high 
energy. Figure 1 shows the volume plot, according to the 
timing of the follow-ups in the 2 treatment groups.

At day 1, serum TSH significantly decreased (P < 
.001) and FT4 significantly increased (P < .001) in both 
the groups. In group 2, these variations were significantly 
higher than in group 1 (P < .01). Thyroglobulin levels 
experienced a significant increase after 1 day (P < .001), 
were reduced after 1 month, and returned to baseline after 
3 months. Again there was a statistically significant dif-
ference between the 2 groups of patients (P < .001). After 
3 years of follow-up, 2 patients became positive for anti-
thyroperoxidase antibodies and 1 patient for anti- 
thyroglobulin antibodies. All these patients belonged to 
group 2 (Table 2). After 3 years of follow-up, symptoms 
improved in 17/20 (85%) patients in group 2 and none in 

group 1. Cosmetic effect improved in 14/20 (70%) 
patients in group 2 and none in group 1 (Figure 2).

Complications
None of the patients treated with US-guided laser 

ablation had major complications. Minor complications 
and side effects observed are reported in Table 3. An 
association was found between amounts of energy and 
the development of minor complications; there were, 
in particular, cases of fever and local pain. The most 
common side effect was fever (range = 37.2°C to 
37.6°C) limited to the first 24 hours after treatment, 
and local pain. In particular, 25% of group 1 patients 

Table 1. Case Summaries

Volume of Nodules (mL) Pretreatment After 3 Months After 6 Months After 1 Year After 2 Years After 3 Years Energy (J/mL)

Total population (N = 40)
 Median 14 10 8.5 9.5 11.5 11.5 245
 Minimum 7 4 3 3 3 3 16.5l
 Maximum 142 110 102 121 134 135 640
Group 1 (n = 20)
 Median 15 11 9.5 13.0 16 16.5 71.5l
 Minimum 8 5 5 7 8 8 16.5
 Maximum 132 110 102 121 134 135 179
Group 2 (n = 20)
 Median 14 7.5 6.5l 6 6 6 578.5
 Minimum 7 4 3 3 3 3 311
 Maximum 142 89 58 49 52 52 640

Figure 1. Volume of nodules (mean ± SD), expressed as 
mLλ to approximate normal distribution (Box–Cox λ = −0.8), 
subdivided according to total laser energy administration 
(analysis of variance: quadratic trend among times in both 
groups, P < .0001; interaction volume/energy, P < .0001)
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stable at 6 mL in group 2.

After 2 years, the median nodule volume in group 1 
patients was again consistent with pretreatment values, 
whereas in group 2 patients, therapeutic benefits were 
retained after 2 years. At the 3-year follow-up, nodule 
volume in group 1 had increased with respect to time 0, 
whereas in group 2 the reduction in volume was 
maintained.

Statistical analysis showed a significant difference 
between the values recorded at the different times  
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patients in group 2 and none in group 1 (Figure 2).
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None of the patients treated with US-guided laser 

ablation had major complications. Minor complications 
and side effects observed are reported in Table 3. An 
association was found between amounts of energy and 
the development of minor complications; there were, 
in particular, cases of fever and local pain. The most 
common side effect was fever (range = 37.2°C to 
37.6°C) limited to the first 24 hours after treatment, 
and local pain. In particular, 25% of group 1 patients 
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Thyroid nodule morphology affects the efficacy of ultrasound-guided
interstitial laser ablation: A nested case-control study
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Abstract

Purpose: The literature reports a wide range of percentages of ablation in the treatment of
thyroid nodules. The aim of this nested case-control study was to evaluate whether the
different morphological (well-defined vs. agglomerate) characteristics of nodules affect the
success rate. Materials and methods: We selected 20 patients with a single and /or dominant
well-defined nodule (group 1) and 20 with a nodular formation resulting from the fusion of
multiple nodules (group 2). All the nodules were treated by the laser method receiving the
same energy. Results: At 6 months, patients in group 1 showed a greater decrease in volume
than those in group 2. These differences were more evident after 12 months. Conclusions: Our
study demonstrates that the efficacy of laser treatment can be predicted by nodule
morphology and contributes to explaining the wide differences in the percentages of ablation
reported in literature.
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Introduction

Nodular thyroid disease is a very common clinical problem;
in iodine-deficient areas, its prevalence can reach 30% of the
general population [1].

Some studies have shown that about 20% of thyroid nodules
grow over time [2]. Medical treatment with thyroxine has been
proven ineffective [3]. For the last 10–12 years, surgical
treatment has been the only therapeutic option in the presence
of compression of the trachea, oesophagus, recurrent laryngeal
nerve or cervical veins or of significant aesthetic disfigure-
ment. Dossing et al. [4] and Pacella et al. [5] introduced
ultrasound (US)-guided laser photocoagulation for the treat-
ment of benign thyroid nodules. Since then, numerous
studies have been published on the limited effectiveness of
this method, reporting that 8–60% of treated nodules do not
respond to hyperthermal therapy ab initio, or they return to the
original volume in the course of a few months/years [6–23].

We began to perform thyroid nodule laser ablation in 2004
[9,21,22]. Our preliminary observations suggested that the
nodular formations characterised by the fusion of multiple
nodules (conglomerates) seemed to respond less well to
laser therapy. We therefore designed the present 12-month
prospective nested case-control study by selecting 40 patients,
20 with well-defined nodules and 20 with nodular

conglomerates, from a contemporary cohort of 278
consecutive patients undergoing thyroid nodule laser ablation
between January 2010 and December 2012 at our centre
in Perugia, Italy.

Materials and methods

Between 2010 and 2012, 40 patients were treated with one
session of percutaneous laser treatment; 20 of them had a
well-defined nodule (group 1, median volume 17.7, range
11.5–32.5) and received an energy of 378 J (341–400) per mL
of tissue, while the other 20 had a conglomerate (group 2,
median volume 17.6, range 10.2–32) and received an energy
of 379 J (352–402) per mL of tissue (Table 1). Inclusion
criteria were as follows: diagnosis of benignity obtained
through fine-needle aspiration biopsy, solid and hysoechoic
nodules without calcifications and with peripheral and
central vascularisation, normal thyroid stimulating hormone
(TSH), free triiodothyronine (FT3), and free thyroxine (FT4)
levels, negative anti-TSH receptor antibodies, negative anti-
thyroperoxidase and anti-thyroglobulin antibodies, normal
calcitonin levels, the presence of local compression symp-
toms combined with refusal of surgery or surgical ineligibil-
ity. The study was approved by the local ethics committee
and fully informed consent was obtained in writing from all
the subjects who met the inclusion criteria.

Percutaneous laser photocoagulation was performed under
sterile conditions, and US guidance was performed as
described by Pacella et al. [5], without anaesthesia or sedation

Correspondence: Giovanni Gambelunghe, E-mail: giovanni.
gambelunghe@libero.it
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as we used the symptom of pain or burning as a guide to
eventually stop or reduce energy delivery [21].

A 21-gauge spinal needle was inserted into the thyroid
lesion under US guidance using a multifrequency probe (8–13
MHz, Esaote, Genoa, Italy). A laser 300-mm quartz laser fibre
was inserted in the needle lumen, with 8 mm of the fibre
extending out of the needle. Patients were treated via a Smart
1064 nm continuous-wave neodymium:yttrium–aluminum–
garnet laser (Elesta, Florence, Italy). A continuous output
power of 3 W was used for variable time, with the fibres
pulled back whenever necessary. To avoid damage to adjacent
structures we maintained a nodule capsule margin of at least
1 cm. All patients received one single treatment. The volume
of the nodules treated was measured by the same investigator,
blinded for treatment, using the ellipsoid formula before
treatment, at 4 weeks, 6 months, and 1 year.

Statistical analysis

Comparisons within and between groups over time were
analysed by mixed repeated measures analysis of variance
(RM ANOVA), with Bonferroni’s correction for post-hoc
comparisons. ‘Time’ (nodule volume at 0, 6 and 12 months)
and ‘group’ (nature of nodules) were considered as within-
subjects and between-subjects factors, with three ‘time’ and
two ‘group’ levels, respectively, the applied energy to the
nodules was entered in the ANOVA model as covariate.
Because of non-normal distribution of residuals, data were
transformed (Box–Cox method; !¼ 0.4) to better approxi-
mate Gaussian distribution of residuals which was verified by
the Shapiro-Wilk test. The Student’s t-test was also used for
comparisons of the decrease of volume between groups after
therapy.

Frequencies of qualitative data (sex) were analysed using
the "2 test. Data are shown as median, minimum, and
maximum, and the level of statistical significance was set at
p50.05. All calculations were carried out with IBM SPSS!

version 22.0 (Armonk, NY, USA).

Results

The median age of the 20 patients in group 1 was 56 years
(range 44–75 years); that of patients in group 2 was 55 years
(range 43–73 years) (p¼ 0.654) (Table 1).

At baseline, the median volume of nodules of group 1
patients was 17.7 mL (range 11.7–32.5 mL) whereas that of
group 2 patients was 17.6 mL (range 10.2–32 mL) (p¼ 0.779)
(Table 1).

The median energy delivered for each 1 mL of nodule
was 378 J (range 341–400 J) in group 1 and 379 J (range 352–

402 J) in group 2, with an output power of 3 W (p¼ 0.77).
Laser illumination time was 18 min (range 12–33 min) in
group 1 and 19 min (range 11–32 min) in group 2 (p¼ not
significant) (Table 2). A mixed RM ANOVA revealed a
significant reduction between the volume values recorded
at various times (p¼ 0.002) and a significant interaction
between ‘time’ and ‘group’ (p50.0001), which suggests the
effect of the nature of nodules on volume reduction over time
(Figure 1 and Table 2). The interaction between applied
energy (considered as covariate) and volume at various times
did not reach statistical significance (p¼ 0.088) as shown in
Table 2. In Table 3 the nodule volume values at baseline,
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0 6 12

V
ol

um
e 

of
 n

od
ul

es
 (m

lλ
)

1

2

3

4

5

6

7

Well defined nodule
Conglomerate

Figure 1. Volume of conglomerates and nodules (mean ± SD) expressed
as mL! to approximate normal distribution (Box–Cox !¼ 0.4),
subdivided according to months of follow-up. RM ANOVA: within-
subject factor (time) p¼ 0.002; between-subjects factor (group)
p50.0001; interaction time/energy, p¼ 0.088).

Table 3. Results.

Group 1 Group 2 p Value

n 20 20 –
Volume of nodules (mL)

at baseline
17.7 (11.5–32.5) 17.6 (10.2–32) 0.779*

Volume of nodules (mL)
at 6 months

8.7 (2.4–23) 10.2 (6–21) 0.220*

Volume of nodules (mL)
at 1 year

5.3 (1.8–12.5) 11.4 (6.3–23) 50.0001*

Data are expressed as median (min–max).
*Student’s t-test.

Table 1. Case summaries at start of study.

Group 1 Group 2 p Value

n 20 20 –
Age (y) 56 (44–75) 55 (43–73) 0.654*
Sex (M/F) 7/13 7/13 1.000y
Volume of nodules (mL) 17.7 (11.5–32.5) 17.6 (10.2–32) 0.779*
Energy (J) 378 (341–400) 379 (352–402) 0.770*

Data are expressed as median (min–max).
*Student’s t-test; y "2 test.

Table 2. Mixed RM ANOVA.

Main effect Sum of squares df Mean square F p Value

Time 3.549 2 1.775 6.993 0.002
Interactions

Time" group 15.459 2 7.729 30.458 50.0001
Time" energy 1.274 2 0.637 2.510 0.088
Error (time) 18.779 74 0.254
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as we used the symptom of pain or burning as a guide to
eventually stop or reduce energy delivery [21].

A 21-gauge spinal needle was inserted into the thyroid
lesion under US guidance using a multifrequency probe (8–13
MHz, Esaote, Genoa, Italy). A laser 300-mm quartz laser fibre
was inserted in the needle lumen, with 8 mm of the fibre
extending out of the needle. Patients were treated via a Smart
1064 nm continuous-wave neodymium:yttrium–aluminum–
garnet laser (Elesta, Florence, Italy). A continuous output
power of 3 W was used for variable time, with the fibres
pulled back whenever necessary. To avoid damage to adjacent
structures we maintained a nodule capsule margin of at least
1 cm. All patients received one single treatment. The volume
of the nodules treated was measured by the same investigator,
blinded for treatment, using the ellipsoid formula before
treatment, at 4 weeks, 6 months, and 1 year.

Statistical analysis

Comparisons within and between groups over time were
analysed by mixed repeated measures analysis of variance
(RM ANOVA), with Bonferroni’s correction for post-hoc
comparisons. ‘Time’ (nodule volume at 0, 6 and 12 months)
and ‘group’ (nature of nodules) were considered as within-
subjects and between-subjects factors, with three ‘time’ and
two ‘group’ levels, respectively, the applied energy to the
nodules was entered in the ANOVA model as covariate.
Because of non-normal distribution of residuals, data were
transformed (Box–Cox method; !¼ 0.4) to better approxi-
mate Gaussian distribution of residuals which was verified by
the Shapiro-Wilk test. The Student’s t-test was also used for
comparisons of the decrease of volume between groups after
therapy.

Frequencies of qualitative data (sex) were analysed using
the "2 test. Data are shown as median, minimum, and
maximum, and the level of statistical significance was set at
p50.05. All calculations were carried out with IBM SPSS!

version 22.0 (Armonk, NY, USA).

Results

The median age of the 20 patients in group 1 was 56 years
(range 44–75 years); that of patients in group 2 was 55 years
(range 43–73 years) (p¼ 0.654) (Table 1).

At baseline, the median volume of nodules of group 1
patients was 17.7 mL (range 11.7–32.5 mL) whereas that of
group 2 patients was 17.6 mL (range 10.2–32 mL) (p¼ 0.779)
(Table 1).

The median energy delivered for each 1 mL of nodule
was 378 J (range 341–400 J) in group 1 and 379 J (range 352–

402 J) in group 2, with an output power of 3 W (p¼ 0.77).
Laser illumination time was 18 min (range 12–33 min) in
group 1 and 19 min (range 11–32 min) in group 2 (p¼ not
significant) (Table 2). A mixed RM ANOVA revealed a
significant reduction between the volume values recorded
at various times (p¼ 0.002) and a significant interaction
between ‘time’ and ‘group’ (p50.0001), which suggests the
effect of the nature of nodules on volume reduction over time
(Figure 1 and Table 2). The interaction between applied
energy (considered as covariate) and volume at various times
did not reach statistical significance (p¼ 0.088) as shown in
Table 2. In Table 3 the nodule volume values at baseline,
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Figure 1. Volume of conglomerates and nodules (mean ± SD) expressed
as mL! to approximate normal distribution (Box–Cox !¼ 0.4),
subdivided according to months of follow-up. RM ANOVA: within-
subject factor (time) p¼ 0.002; between-subjects factor (group)
p50.0001; interaction time/energy, p¼ 0.088).

Table 3. Results.

Group 1 Group 2 p Value

n 20 20 –
Volume of nodules (mL)

at baseline
17.7 (11.5–32.5) 17.6 (10.2–32) 0.779*

Volume of nodules (mL)
at 6 months

8.7 (2.4–23) 10.2 (6–21) 0.220*

Volume of nodules (mL)
at 1 year

5.3 (1.8–12.5) 11.4 (6.3–23) 50.0001*

Data are expressed as median (min–max).
*Student’s t-test.

Table 1. Case summaries at start of study.

Group 1 Group 2 p Value

n 20 20 –
Age (y) 56 (44–75) 55 (43–73) 0.654*
Sex (M/F) 7/13 7/13 1.000y
Volume of nodules (mL) 17.7 (11.5–32.5) 17.6 (10.2–32) 0.779*
Energy (J) 378 (341–400) 379 (352–402) 0.770*

Data are expressed as median (min–max).
*Student’s t-test; y "2 test.

Table 2. Mixed RM ANOVA.

Main effect Sum of squares df Mean square F p Value

Time 3.549 2 1.775 6.993 0.002
Interactions

Time" group 15.459 2 7.729 30.458 50.0001
Time" energy 1.274 2 0.637 2.510 0.088
Error (time) 18.779 74 0.254
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Noduli tossici o pre-tossici 

Anche sul trattamento dei noduli tossici vi 
è una casistica abbastanza ampia, che 
dimostra come la metodica ablativa laser 
ModìLite (Elesta, Firenze) sia efficace e 
sicura 
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Author      Pts/Nodules no.     RCT     US pattern.a Mean Baseline Vol 

(ml)              Laser source Number of session 
(mean) FU months      Volume Reduction 

% (mean) 

Dossing et al (2003) 1   solid 8.2 
Diomed 15 plus, 810 

nm 1 9 40 

Spiezia et al (2003) 7   solid 3.2 
Nd:Yag smart , 

1064nm 2.2 12 74 

Pacella et al (2004) 16     7.9 
Nd:Yag smart , 

1064nm 2.7 6 61 

Barbaro et al (2007) 18     21.1 
Nd:Yag smart , 

1064nm 3 (median) 12 59 

Dossing et al (2007) 14     26.2 
Diomed 15 plus, 810 

nm 1 6 44 

Valcavi et al (2008) 1     2.5 
Nd:Yag smart , 

1064nm 1 - 95 

Rotondi et al (2009) 1   solid 55.0 
diode laser operating 

at 980 nm 4.0 10 91 

Amabile et al (2011) 26     55.3 
Quanta D-Plus, 980 

nm 3   82 

Chianelli et al ( 2014) 
laser + I131 15   solid 27.7 Echolaser, 1064nm 1.5 24 71 

Clinical Outcomes of Patients with Symptomatic 
Benign Thyroid Hot  Nodules Treated with PLA 
 
 

Pts=Patients; a uniformly solid or predominantly solid with not more than 20% fluid component 
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Volume 

(ml) 
Pre-T. 3 mesi 6 mesi 1 anno 3 anni 

 

N = 92 
 

 

Mediana 
 

 

12 
 

7,5 
(- 38%) 

 

5,1 
(- 58%) 

 

5,1 
(- 58%) 

 

5  
(- 59%) 

 
 

Minimo 
 

 

5 
 

1,1 
 

1,2 
 

1,2 
 

1,2 

 

Massimo 
 

 

278 
 

191 
 

107 
 

42* 
 

30* 

* II° trattamento 

Esperienza nel centro di Perugia 
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•  La nostra esperienza suggerisce che i noduli tossici o pre-tossici, 
forse per la maggiore vascolarizzazione e quindi tendenza alla 
dispersione dell’energia termica somministrata, necessitano di 
energie maggiori per raggiungere la stessa efficacia, in termini di 
riduzione volumetrica, rispetto ai noduli non funzionanti. 

•  Il pre-trattamento con metimazolo, sia nei noduli tossici che in 
quelli pre-tossici, riduce la vascolarizzazione ed aumenta la 
possibilità di somministrare una dose adeguata di energia. 

•  Il 90% dei pazienti con noduli di volume inferiore a 15 ml 
sospendevano la terapia tireostatica, mantenendo un quadro di 
eutiroidismo 

Esperienza nel centro di Perugia 
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Conclusioni 

•  Efficace: riduzione di volume superiore al 65% 
in una singola seduta 

•  Sicuro 

•  Micro-invasivo: procedura ambulatoriale della 
durata di pochi minuti 
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Sono del tutto sovrapponibili a quelle della chirurgia 
tradizionale 

Indicazioni 
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	Thyroid:	LA	vs	Surgery	 Laser	Ablation	 Surgery	

Endpoint	
Remove	or	relief	from	

compressive	symptoms	and	or	
aesthetic	damage	

Remove	compressive	symptoms	and	
or	aesthetic	damage	

How	
Thermal	destruction	“in	situ”	with	

shrinkage	of	the	nodule	
Surgical		removal	of		the	mass		

(lobe	or	whole		gland)	

Advantage	
Preservation	of	the	healthy	tissue	

and	organ	functionality	
Definitive	

Way	to	operate	
Mini-invasive	approach	
	(inserting	fine	needles)	

Incision	of	skin	(3	cm	or	more)	and	
excision	of	the	gland	

Anesthesia	
No	general	anesthesia,	

no	local	anesthesia	required	
General	anesthesia	

Time	duration	
Shorter	duration	(30-45	minutes	
including	patient’s	preparation)	

Surgical	procedure	requires	2	hours	

Recovery	time	 Fast	recovery	time	(one	hour)	 One	week	

Signs	Immediately	After	 Absence	of	signs	
Surgical	wound	with	sutures	and	

drainage	

Signs	Long-time	after	 Absence	of	signs	
Scar	with	risk	of	keloid	formation;		
risk	of	discomfort	in	the	neck	

Hormone	substituting	therapy	 Not	required	 Required	for	life	

Pain	
Absence	or	reduced	postoperative	

pain	
Mild	to	severe	postoperative	pain	

Complications	
Rare	complications	without	

affecting	quality	of	life	
Risk	of	severe	complications	affecting	

quality	of	life	
Hospitalization	 Day	Hospital/	Outpatient	 Hospitalization	

Repeatibility		 Can	be	easily	repeated	
Compromised	repeatability	in	case	of	

relapse	
Further	therapeutic	action	 Non	compromising	 Not	applicable	
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