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7.1  Introduction

The clinical management of thyroid lesions has 
been performed for many years by means of phys-
ical examination, thyroid radioisotope scan, and 
surgery. During the last decades, however, the 
advent of thyroid ultrasonography (US) and fine-
needle aspiration biopsy (FNAB) has radically 
changed the diagnostic approach to thyroid nodu-
lar disease. The widespread application of US is 
now resulting in the detection of solid and cystic 
thyroid nodules in a large part of the adult popula-
tion, with a frequency that rises with adult and old 
age and with female sex and that, in several series, 
approximate 50% [1–8]. The cytological assess-
ment with US-guided fine-needle aspiration 
biopsy (US-FNAB) has sharply reduced the need 
for diagnostic surgery and only a minority of the 
recently diagnosed lesions undergo thyroidec-
tomy. Most cytologically benign thyroid nodules 
are asymptomatic, their volume remain nearly 
unchanging over the years, and go to long-term 
follow-up without any intervention [9]. Even if 
the majority of thyroid lesions do not need ther-
apy, a few of them (about 10%) progressively 

increase in size and cause local signs or pressure 
symptoms. Due to the discomfort or the anxiety, a 
large part of these last lesions are finally dealt 
with thyroidectomy [10, 11]. Surgery is a well-
established treatment and is currently at low risk 
of major complications. However, the costs of 
thyroid surgery, the esthetic damage due to the 
cervical scar (that may be prevented only by 
rather complicated and expensive trans-axillary or 
trans-oral surgical approaches [12–15]), the risk 
of major or minor complications, and the frequent 
need of life-long substitution therapy should be 
evaluated when this clinical problem is approached 
[16, 17]. On the basis of these considerations, 
various image- guided office-based, minimally 
invasive procedures have been proposed with the 
aim of producing a clinically significant debulk-
ing of thyroid lesions and a nonsurgical manage-
ment of benign symptomatic nodules [18].

In 1990, US-guided percutaneous ethanol 
injection was the first proposed technique for the 
shrinkage of autonomously functioning thyroid 
nodules [19]. Due to the side effects of the treat-
ment and its technical limits, percutaneous etha-
nol injection is presently used only for the 
treatment of cystic or predominantly fluid lesions 
that relapse after a prior aspiration [20]. So, since 
2000, US-guided minimally invasive techniques 
based on thermal ablation by means of energy 
sources (such as laser, radiofrequency, micro-
wave, and high-intensity focused ultrasound) 
were investigated and are now increasingly 
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employed in clinical practice. Among these ther-
mal procedures, laser ablation is the most thor-
oughly assessed and less invasive technique and 
currently represents a safe and effective tool for 
the management of benign and selected malig-
nant thyroid lesions.

7.2  Basic Principles of Laser 
Treatment

The model for the interstitial laser coagulation of 
body tissues was first proposed by Bown in 1983 
and was subsequently validated in several exper-
imental models [21–24]. Laser light is coherent 
and monochromatic, is precisely focused on the 
selected target, and permits the delivery of a con-
siderable amount of energy at a distance through 
an optical fiber with a silica-based core. The 
optical fibers are flexible, with a diameter rang-
ing from 300 to 600 μm, and transmit laser light 
to the tip of the fiber optic [25–27]. When laser 
light interacts with biological tissues, scattering 
and absorption occur, and the delivered photons 
induce rapid heating and thermal injury [23, 25, 
28, 29].

Different laser sources and wavelengths are 
available and various types of fibers, tips, and 
applicators may be employed. Nd:YAG lasers, 
operating at 1064 nm, seem most suited for pro-
cedures in deep-seated organs because of their 
superior penetration and absorption properties in 
perfused soft tissues. Currently, the majority of 
laser procedures use either Nd:YAG or diode 
lasers (λ = 800–980 nm) operating in the range of 
2–40 W [25].

Thermal ablation destroys the tissues by 
increasing their temperature so as to induce irre-
versible cellular damage. A temperature set at 
about 40 °C generally does not adversely influ-
ence cellular homeostasis while a temperature 
level of 45 °C results in a greater susceptibility of 
the cells to the injury induced by physical and 
chemical agents [24, 30]. An irreversible cellular 
damage occurs only when cells are maintained at 
a temperature value of 46  °C for 1 h, and the 
damage appears with ever-increasing quickness 
as the temperature level further rises [31, 32]. At 

a temperature level between 60  and 100  °C, a 
rapid coagulation of the proteins takes place with 
irreversible injury of enzymes, nucleic acids, and 
proteins, followed by cellular death over the 
course of a few days [22–24, 30, 33–36]. Critical 
temperature at the margin of the coagulative zone 
has been shown to range from 30  to 77  °C for 
normal tissue and from 41 to 64 °C for neoplastic 
tissues [37–39], with relevant variation of the 
thermal dose required to induce cell death differ-
ent tissues [37]. On the other hand, a temperature 
value greater than 105 °C is followed by tissue 
carbonization and vaporization, changes that 
obstacle a total ablation due to the insulating 
effect on energy diffusion of thermal energy [32, 
40–43]. On the basis of these effects, laser treat-
ment results in a zone of coagulative necrosis 
with well-defined margins, a well-predictable 
size, and the destruction of all the cells in the 
ablated area.

7.3  Technique and Devices

Laser sources are variable but the most used is a 
820 nm diode or a 1064 nm neodymium-yttrium- 
aluminium garnet (Nd:YAG) laser [25, 44–46]. 
Applicators of different gauge [44–48] may be 
used for the insertion in the target lesion and are 
preferentially represented by flexible 21G 
(<1  mm in diameter) spinal needles [47]. The 
commonly employed laser equipment is a 
1064 nm continuous wave Nd:YAG source, oper-
ated with an output power that ranges from 3 to 
5 W, and a flat-tipped quartz optical fiber with a 
300-μm diameter. Laser ablation may be per-
formed either under US guidance (with the use of 
a dedicated device) or assistance (with a free- 
hand technique) by means of a last-generation 
US system equipped with a high-frequency linear 
transducer (7.5–15 MHz).

The treatment is usually performed on the 
patient in supine position with hyperextended 
neck. An accurate local anesthesia with xylo-
caine is performed on the skin entry site, along 
the planned needle tract, and on the thyroid cap-
sule. In the case of anxiety, a mild sedation may 
be given with diazepam intramuscularly or by 
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mouth. Under US monitoring, the spinal needle 
is inserted into the target thyroid lesion, in most 
cases along its longest axis. Treatments are gen-
erally performed with a fixed-power protocol 
(usually with a 3 W output) while the illumina-
tion time changes according to the planned abla-
tion volume. Usually, the illumination time 
ranges from a minimum of 400 s to a maximum 
of 600 s with a total energy delivery of 1200–
1800 J per optical fiber. The use as applicators 
of thin and minimally traumatic spinal needles 
allows a precise and safe positioning of one or 
more needles depending on the volume, shape, 
and location of the nodule. When multiple appli-
cators are employed, they should be separated 
by a space of at least 0.8 cm and placed next to 
each other on the same plane to better allow the 
simultaneous real time control of two optical 
fibers. The fiber tip should be positioned at a 
minimum safety distance of 5–10 mm from the 
critical structures of the neck. In case of lesions 
close to the carotid vessels or the trachea wall, 
as for cancer recurrences in the thyroid bed, a 
preliminary hydro-dissection with saline solu-
tion may be performed to separate the target 
from the vital structure. From one to three illu-
minations may be performed during the same 
session retracting the needle with a “pullback” 
technique [47]. At US monitoring, the area 
under ablation is visualized as an echogenic 
zone that gradually enlarges during the illumi-
nation, and the treatment is concluded when the 
area of hyper-echogenicity due to tissue evapo-
ration is stationary in size [44, 45, 49–53]. A 
reliable evaluation of the real size of the ablated 
area is achieved a few hours after treatment with 
the intravenous injection of a second- generation 
ultrasound contrast medium or, less precisely, 
with the use of color- or power- doppler. Notably, 
the zone of coagulative necrosis attains its max-
imum size about 72  h after the ablation [54], 
because the cellular injury and the occlusion of 
the vessels that supply the tissue fully develop 
during the days following the treatment. 
Figure 7.1a–f shows a representative case of a 
predominantly solid cold nodule before treat-
ment (a, b), during the ablation maneuver (c, d), 
and 12 months after treatment (e, f).

7.4  Thyroid Lesions Suitable 
for Laser Ablation

Thyroid nodules are suitable for laser ablation in 
the presence of the following criteria: (a) single 
thyroid nodule or multinodular goiter with an 
evidently dominant lesion; (b)hypo- or iso- 
functioning appearance at radioisotope thyroid 
scan; (c) progressive growth associated with 
either local compression symptoms or esthetic 
concern; and (d) consistently benign cytological 
reports at two FNAs. As the risk of overlooking a 
thyroid malignancy should be carefully pre-
vented, the presence of suspicious US findings is 
a partial contraindication to laser ablation even in 
the case of benign cytological findings.

Thyroid nodules with solid, spongiform, or 
nearly completely solid structure are successfully 
ablated while pseudocystic lesions should be 
drained of the fluid component immediately 
before laser illumination [53]. Notably, laser 
ablation is an effective treatment also for pseudo-
cystic nodules that repeatedly relapse after percu-
taneous ethanol injection.

Before treatment, withdrawal of antiplatelet 
therapy for at least 72 h is suggested, unless the 
patient is at high risk of cardiovascular events, 
while the anticoagulant treatment with NAO 
drugs may be stopped 24 h before laser ablation. 
Prothrombin time, partial thromboplastin time, 
and complete blood cell count should be assessed 
before the procedure. A preliminary direct laryn-
goscopy should be routinely performed [47]. 
Finally, the patient should be informed that a 
regular US follow-up is appropriate even after a 
successful minimally invasive treatment and the 
disappearance of local symptoms.

7.5  Clinical Results 
in Hypofunctioning Thyroid 
Nodules

Several preliminary experimental tests were per-
formed in the 1990s, first in laboratory on liver tis-
sue and thereafter in  vivo on animal models 
[55–57] and ex  vivo on freshly resected thyroid 
glands [58]. The initial feasibility study in humans 
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Fig. 7.1 (a, b) Representative case of solid nodule treated 
with laser ablation (LA). (a) US axial scan and (b) longitudi-
nal scan—showing the nodule with a fluid component ≥20% 
of the volume at baseline before the treatment. (c, d) LA per-
formed with two fibers and only one pull-back. The US lon-
gitudinal scan (c) shows two thin 21G introducers spaced 
1 cm apart from each other in the deepest part of the target 
nodule during the first illumination. In (d) US imaging shows 
the second illumination of the nodule. The laser fibers posi-
tioned along the long axis of the nodule are retracted about 

1 cm for a second illumination to cover the entire volume of 
the nodule. This technique is also known as “pull-back tech-
nique,” which has the advantage of reducing the number of 
direct nodule punctures, the invasiveness of the procedure, 
and the discomfort for the patients. During the procedure, it 
develops gas (visible both in c and d) for temperatures above 
100 °C with consequent boiling of the aqueous component of 
the nodule. (e, f) The two US scans in e (axial) and in f (lon-
gitudinal) show the volumetric reduction 12  months after 
treatment equal to 68% compared to the volume at baseline

a

c d

e f

b
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on the use of image-guided percutaneous thermal 
ablation for the treatment of thyroid nodules was 
published in 2000 [58]. The histological examina-
tion confirmed the geometrical shape of tissue 
damage and its relationship with the delivered 
energy that was previously observed in experimen-
tal models [58]. Subsequent cytological and histo-
logical studies on 15 cold thyroid nodules that were 
sampled or resected 12 months after ablation treat-
ment consistently  demonstrated a well-defined area 
of coagulative necrosis with signs of inflammatory 
reaction in the ablated areas [59]. No evidence of 
malignant change was observed in thyroid lesions 
resected 24 months after laser treatment [60].

During the last years, several case reports [49, 
61] and non-randomized [44–47, 62–64] and ran-
domized studies [48, 50, 65, 66] have been per-
formed on the treatment of thyroid lesions with 
US-guided laser ablation. All these data consis-
tently confirmed the clinical value, good tolerabil-
ity, and substantial safety of laser thermal ablation 
for thyroid nodular disease. The reported volume 
decrease at 12 months ranged from 43% to 84% 
[65, 67] (Table 7.1). Volume reduction was persis-
tent, as follow-up studies demonstrated that the 
mean nodule volume decrease remained at 48% 
and 51% versus baseline size at the 3-[64] and 
5-year [52] controls. In 2014, an Italian multi-
center prospective randomized trial, performed 
with a single ablation session and fixed treatment 
parameters, showed a nodule volume decrease 
between 49% and 60% 3 years after laser treat-
ment [66]. Accordingly, only a minority (9%) of 
the treated nodules demonstrated a partial regrowth 
at 3 years after treatment [64]. These findings were 
further confirmed by an externally monitored mul-
ticenter retrospective study on a series of 1531 
patients [70] that demonstrated an up to nearly 
80% decrease of thyroid nodules volume after one 
or more treatments in large size lesions. Notably, 
in these controlled studies, the vast majority of 
patients treated with laser ablation reported in a 
visual-analogue questionnaire the disappearance 

or the relevant amelioration of their local compres-
sion symptoms or esthetic damage and defined the 
procedure as fairly well tolerated [50, 52, 65, 66].

7.6  Clinical Results 
in Hyperfunctioning Thyroid 
Nodules

Several studies on laser treatment of small series 
of hyperfunctioning thyroid nodules reported the 
control of thyroid hyperfunction and the disap-
pearance of the previously hyperfunctioning area 
at post-ablation thyroid scintigraphy [49, 62, 75]. 
However, at least two other trials showed that 
laser ablation did not constantly result in normal-
ization of serum TSH levels and that repeated 
laser treatments were required to achieve satis-
factory results [47, 61, 76]. These findings were 
confirmed by a prospective randomized study on 
30 hyperfunctioning nodules associated with 
hyperthyroidism and suppression of normal thy-
roid tissue. Treatments were performed either 
with a single thermal ablation session or with a 
therapeutic radioiodine dose. Follow-up demon-
strated that laser treatment and 131I therapy 
resulted in a similar nodule size decrease but also 
that thermal ablation was less effective in the 
control of hyperthyroidism because induced 
serum TSH normalization in only about 50% of 
patients [77]. As a whole, the available evidence 
demonstrates the clinical efficacy of thermal 
ablation for the treatment of small size, solitary, 
and mildly hyperfunctioning nodules [63, 76, 
78]. Since functionally satisfactory results are 
attained only when about 80% of the volume of 
the hyperfunctioning nodule is ablated [79], clin-
ical results are unsatisfactory in toxic nodular 
goiter or large size toxic nodules, and in these 
cases the normalization of thyroid function usu-
ally necessitates repeated treatment sessions the 
favorable results are [61] (Table 7.2). Laser abla-
tion, however, may be of use in selected cases of 
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large toxic nodules for a combined treatment 
with radioiodine. A prospective trial [80] ran-
domized 15 cases of large hyperfunctioning nod-
ules treated with laser ablation followed by 131I 
with a similar number of matched patients treated 
with radioiodine only. The combined treatment 
resulted in a faster decrease of nodule volume 
and in a more rapid control of hyperthyroidism 
and pressure symptoms than the therapy with 
radioiodine only.

7.7  Clinical Results in Cystic 
Thyroid Lesions

Few data are available on the use of thermal abla-
tion for cystic thyroid lesions. A prospective 
study randomly assigned 44 prevalently cystic 
thyroid nodules to simple drainage or to fluid 
aspiration without delay followed by laser treat-
ment [53]. A greater than 50% volume decrease 
and the improvement of pressure symptoms was 
demonstrated in 15 of 22 (68%) of patients in the 
thermal ablation group and only in 4 of 22 (18%) 
cases in the aspiration alone group at the 6-month 
control. Moreover, thermal ablation induced a 
relevant shrinkage of the solid part of the pre-
dominantly cystic lesion (from 1.8 to 1.0  mL), 
while in the aspiration only group, the solid part 
was substantially unchanged (Table  7.3). The 
procedure was well tolerated, no complications 
were observed and thyroid function was 
unchanged.

Percutaneous ethanol injection is the first-line 
nonsurgical treatment for thyroid cysts and pre-
dominantly cystic nodules because of its low 
expense, safety, and rapidity [81]. So, thermal 
ablation is selectively appropriate for the treat-
ment of cystic lesions (mostly due to persistent 

bleeding) that relapse after percutaneous ethanol 
injection and for mixed nodules with a relevant 
fluid component both to prevent fluid refilling 
and to achieve a satisfactory shrinkage of the 
solid portion of the nodule.

7.8  Complications and Side 
Effects of Laser Treatment

The technique of image-guided laser treatment is 
rather simple and is usually well tolerated. A 
modest cervical pain, some neck swelling, and, 
rarely, a low fever are described by the patients 
after the ablation, may persist 24–48 h, and are 
effectively controlled by the administration of 
analgesics by mouth.

Minor complications are uncommon and 
include a more protracted neck and local inflam-
mation pain that persist more than 48 h [47, 68]. 
Cervical bleeding and skin burn are definitely 
uncommon events [70, 82]. Relevant neck 
oedema sometimes associated with cystic change 
and rupture of the treated lesion have been occa-
sionally reported [64]. Transitory hyperthyroid-
ism or late hypothyroidism is unusual [64].

Major complications are rare and are due to an 
incorrect or overzealous technique of treatment. 
No relevant changes besides a modest fibrosis 
were reported in the cervical tissues surrounding 
the treated nodule in patients who eventually 
underwent surgery because of the coexistence of 
cytologically suspicious areas [59, 60].

An adequate training is anyway necessary 
before starting the laser procedure. Up to now, 
the single most relevant complication was a 
case of injury of the trachea that necessitated 
surgical repair, induced by the incorrect inser-
tion of the laser fiber by an untrained operator 

Table 7.3 Clinical outcomes of patients with symptomatic benign cystic thyroid nodules treated with laser ablation

Author Pts nodules no. RCT
US 
pattern

Baseline 
volume Laser source

Major 
complication 
no. (%)

Minor 
complication 
no. (%) FU

Volume 
reduction % 
(mean)

Dossing 
et al.
[53]

22 vs. 22a Yes Cystic 11.8 820 diode 0 0 36 57

a22 pts treated with aspiration followed by LA session vs. 22 pts aspiration without LA session

7 Benign Thyroid Nodule Laser Ablation
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[83]. Indeed, in a series of 122 procedures per-
formed by physicians in the initial part of their 
learning curve, laryngeal nerve injury was 
observed in 1.6% of patients [64]. Conversely, a 
trial performed in four centers with specific 
expertise in minimally invasive procedures 
showed a definitely low risk of complications 
[66]. A spontaneously resolving case of vocal 
cord paresis was observed (<1%) and the use of 
analgesics for more than 24 h was required in a 
minority (5%) of patients [66].

A very low incidence (0.5%) of side effects 
and complications was confirmed in the large 
multicenter retrospective Italian study that col-
lected over 1500 thyroid lesions treated by opera-
tors with specific expertise in the field [70]. More 
generally, a recent analysis in order to evaluate 
the incidence of complications of the entire pop-
ulation treated with LA in the various centers has 
documented an incidence of major complications 
of 0.7% and 1.4% of the minor complications 
[84] (Table 7.1).

As a general rule, the presence of severe pain 
during the laser procedure is a useful warning 
symptom that may prevent the risk of periproce-
dural complications. So, if the patient complains 
of an increasing pain, laser firing should be dis-
continued, the position of the fibers should be 
controlled, and the procedure should be per-
formed after a careful repositioning of the fiber 
tip within the target nodule [47, 67, 69, 70, 76].

7.9  Conclusions for Clinical 
Practice

The occurrence of thyroid nodular disease in the 
general population is definitely high and the 
number of benign lesions that are growing or 
become symptomatic is accordingly increasing. 
In these cases, a timely and appropriate use of 
thermal ablation is followed by the modification 
of the natural history of growing benign nodules. 
So, the nonsurgical treatment of nodules that are 
cause of concern avoids the unfavorable influ-
ence of thyroidectomy on the quality of life (due 
to the esthetic damage and the long-term substi-
tution therapy), decreases the direct and indirect 
costs of treatment, and allows a more appropriate 
use of surgical facilities.

Various image-guided thermal techniques, with 
different modalities of action, are now accessible. 
US-guided laser ablation is the most thoroughly 
assessed and less invasive of these techniques and 
may be safely used by operators with expertise in 
the field of thyroid US and US-guided 
FNA. However, a specific training and an initial 
tutorship are appropriate for decreasing the poten-
tial risk of complications. A second cytologic 
assessment of the benign nature of the lesion that 
is increasing in size is recommended before the 
ablation treatment to further decrease the risk of 
overlooking a well- differentiated thyroid cancer.

US-guided laser ablation is recommended for 
the treatment of solid, or predominantly solid, non-
functioning thyroid nodules that with time keep 
growing and become symptomatic or cause cos-
metic concern. Laser ablation results in a clinically 
significant volume decrease and the recovery from 
pressure symptoms in the vast majority of cases. 
Volume reduction, as a rule, persists over many 
years and the procedure can be safely repeated in 
case of a late, and usually partial, regrowth. 
Notably, the risk of esthetic cervical injury or thy-
roid function changes is nearly absent and the risk 
of periprocedural complications is very low.

Laser ablation may be used for the treatment of 
small-size hyperfunctioning thyroid nodules that 
are associated with subclinical hyperthyroidism 
and do not induce a complete suppression of the 
surrounding thyroid tissue. In these autonomously 
functioning nodules, especially in young patients, 
normalization of serum TSH is achieved without 
irradiation and no risk of late hypothyroidism.

On the other hand, in large-size hyperfunc-
tioning nodules, laser ablation is generally not 
cost-effective, due to the need of repeated treat-
ments, in comparison with 131I treatment. So, it 
should be reserved to patients who cannot access 
surgical or radioiodine treatments or may be used 
for a preliminary debulking of huge toxic lesions 
before 131I therapy.

Finally, laser ablation may be of use for the con-
clusive treatment of mostly cystic thyroid lesions 
that repeatedly relapse after percutaneous drainage 
and ethanol injection. Before thermal ablation, effi-
cacy, complications, and tolerability of laser treat-
ment should be fully explained, discussed with the 
patient, and weighted against the results and side-
effects of traditional management options.
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