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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 of 6–17 mL, repeat benign cytological findings, normal thyroid
function, no autoimmunity, and no thyroid gland treatment.

Methods: Group 1: LAT was performed in a single session with two optical fibers, a 1064 nm Nd-YAG
laser source, and an output power of 3 W. Volume and local symptom 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 �

.001 vs baseline). LAT resulted in a nodule reduction of �50% in 67.3% of cases (P � .001). Local
symptoms decreased from 38 to 8% of cases (P � .002) and cosmetic signs from 72 to 16% of cases (P
� .001). Baseline size, presence of goiter (P � .55), or US findings (fluid component � 20% [P � .84],
halo [P � .46], vascularization [P � .98], and calcifications [P � .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 � .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. (J Clin
Endocrinol Metab 99: 3653–3659, 2014)
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The long-term management of thyroid nodular disease
is a frequent problem in endocrine practice (1–3).

Most thyroid nodules with favorable sonographic and cy-
tological features may be followed up with a simple clin-
ical and ultrasound (US) examination (3, 4), but some of
these lesions grow with time and become symptomatic (2,
5, 6). Because no effective medical treatment to shrink
thyroidnoduleshasbeen identified, surgery still represents
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). Furthermore, surgery is a costly in-
patient procedure, is frequently followed by hypothyroid-
ism, 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 is now acknowledged as a rapid,
effective, and inexpensive treatment for cystic thyroid le-
sions (10), whereas thermal ablation with laser ablation
therapy (LAT) or radiofrequency ablation is 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 prospective ran-
domized trials (28–32) have been published on laser ab-
lation. These contributions from different centers have
confirmed that LAT is an effective treatment for the re-
duction of large thyroid nodules. However, most were
single-center trials with a limited number of enrolled pa-
tients, 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 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 thy-
roid centers operating with the same procedure. Strict en-
rollment criteria were used for the exclusion of possible
confounding factors in the evaluation of treatment 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 of over 2000 consecutive patients with a single

or dominant thyroid nodule were enrolled by four Italian thyroid
referral centers over a 1-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 y; mean, 54 � 14 y; 39 males [19.5%] and 161 females
[80.5%]) gave their written consent and entered the study.

Entry criteria were: solid thyroid nodule with a volume of
6–17 mL, with at least one diameter greater than 30 mm; repeat
(at least two) benign cytological findings; normal serum TSH,
free T4 (FT4), and free T3 values; hypoactive or nondelineated
appearance at 99mTc thyroid scintiscan; no thyroid autoimmu-
nity process; and no prior thyroid gland treatment. Patients re-
ceiving LT4/LT3 therapies, iodine or herbal supplements, and
those with a history of external radiotherapy or radioiodine ex-
posure 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.

Figure 1. Selection of the patients for enrollment in the trial.
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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) 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 center. The previously defined intra- and interobserver co-
efficients of variation for sonographic volume assessment (as
assessed in the Regina Apostolorum Hospital Center) were 3.9
and 5.6%, respectively (33).

Clinical and laboratory follow-up was performed at 1, 6, 12,
24, and 36 months, as well. Local symptoms were evaluated by
means of a questionnaire assessing the presence/absence of one
or more of the following symptoms: neck constriction, cervical
tenderness, dysphagia, dyspnea, dysphonia. The clinical assess-
ment of the signs of the nodular goiter was performed by visual
inspection (presence of a cervical lump visible at a distance of 1 m
from the patient) (34). Tolerability, side effects, and complica-
tions of treatment were registered.

Laboratory evaluation
Serum TSH, free thyroid hormones, thyroglobulin (Tg), and

thyroid antibodies were assessed at baseline and again at 1, 6, 12,
24, and 36 months. TSH (normal range, 0.2–4.0 mIU/mL) and
Tg (normal range, 0.2–50.0 ng/mL) levels were ascertained with
a commercially available immunoradiometric assay (Sorin Bio-
medica). Serum levels of free T3 (normal range, 2.2–5.0 pg/mL),
FT4 (normal range, 8.0–18.5 pg/mL), anti-Tg antibodies (nor-
mal range, 0.0–70.0 IU/mL), anti-thyroid peroxidase antibodies
(TPOAbs) (normal range, 0.0–70.0 IU/mL), and calcitonin (nor-
mal values, �10 ng/mL; tested at baseline only) were determined
with commercially available immunoradiometric assay kits
(Radim Diagnostics).

Treatment

Group 1
Before treatment, patients were instructed about the proce-

dure and asked to cooperate and to avoid brusque movements

and/or involuntary speech. After US examination of the neck and
the definition of the entry point of the needles, local anesthesia
was performed with the injection of 2% xylocaine from the skin
deep to the thyroid capsule. LAT was carried out in a single
session, inserting two 21-gauge spinal needles into the target
thyroid lesion under US monitoring. After the correct positioning
of the needle tips, a 300-�m-diameter plane-cut quartz optical
fiber was introduced through the sheath of the needles, and the
fiber tip was placed in direct contact with the tissue. Illumina-
tions were performed with a 1064-nm neodymium yttrium-alu-
minum garnet (Nd-YAG) laser (Echolaser; Elesta) and an output
power of 3 W, according to a previously described technique (16,
17). Energy delivery was 3600 J for nodules 6–13 mL and 7200
J, in two consecutive illuminations during the same session
(“pull-back technique”), for nodules 14–17 mL.

At US monitoring, the area under treatment was visualized as
a hyperechoic zone enlarging over time due to the formation of
gas microbubbles within the coagulated tissue. After treatment,
the patients were given an im injection of ketoprofen and were
observed for 60 minutes. After clinical and US control, the pa-
tients completed a visual-analog questionnaire concerning treat-
ment tolerability. Periprocedural pain was scored from 1 (ab-
sence of pain) to 10 (intolerable pain). The need for subsequent
home analgesic treatment (acetaminophen, 1000 mg twice daily)
or for outpatient clinic check-up due to local pain was registered.

Group 2
Patients were reassured about their benign condition and in-

formed of their follow-up schedule. They were asked not to take
any medication containing thyroid hormones or iodine. Patients
were followed on 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, release 15.0 (SPSS, Inc). All data were
first analyzed for normality of distribution using the Kolmogo-
rov-Smirnov test of normality. Continuous variables were ex-

Table 1. Clinical, Demographic, and Laboratory Parameters of the Population Under Study (Groups 1 and 2) at
Baseline and at the Three-Year Control

Group 1 Group 2 P

No. of cases 101 99 -
Gender (male/female), n 16/85 23/76 .165
Age, y 51.5 � 13.7 54.7 � 13.7 .489
BMI, kg/m2 26.1 � 4.9 26.3 � 4.3 .781
Unimodular/multinodular goiters, % 46/54 39/41 .296
Mean TSH value at baseline, IU/mL 1.2 � 0.7 1.1 � 0.7 .596
Mean TSH value at 3 y, IU/mL 1.6 � 0.8 1.5 � 0.8 .590
Mean FT4 value at baseline, pg/mL 10.4 � 2.2 10.8 � 2.2 .164
Mean FT4 value at 3 y, pg/mL 8.8 � 2.8 8.6 � 2.6 .927
Mean TPOAb value at baseline, IU/mL 19.2 � 16 17.7 � 18 .658
Mean TPOAb value at 3 y, IU/mL 40.6 � 12 34.4 � 14 .356
Frequency of TPOAb-positive patients at baseline, % 0 0 -
Frequency of TPOAb-positive patients at 3 y, % 0 0 -
Frequency of symptoms at baseline, % 38 [GRAPHIC] P � .002 39 [GRAPHIC] P � .08
Frequency of symptoms at 3 y, % 8 47

Abbreviation: BMI, body mass index. -, the value of p can not be calculated because the frequency of TPOAb-positive patients doesn’t change in
Group 1 and in Group 2.

doi: 10.1210/jc.2014-1826 jcem.endojournals.org 3655

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/99/10/3653/2836379 by guest on 20 M
arch 2024



pressed as mean � SD, categorical variables displayed as fre-
quencies, and the appropriate parametric or nonparametric test
was used to assess significance of the differences between sub-
groups. All data are expressed as mean � SD unless otherwise
specified. Timing differences within subjects were analyzed by
means of repeated measures ANOVA or Kruskal-Wallis test for
normally or not normally distributed variables, respectively.
Multivariate binary logistic analysis, applying stepwise logistic
regression, was performed to evaluate the relationship between
the reduction of nodule at the 36th month and US nodule char-
acteristics. All of the tests were two-sided, and statistical signif-
icance 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 the treated group compared to the untreated
group at different timings. The mean volumetric changes
at different timings in the two groups are reported in Fig-
ure 3. After LAT, a progressive nodule volume reduction
was found until 12 months. Thereafter, nodule volume
remained substantially stable at 24- and 36-month con-
trols. Delta mean volume vs baseline was �59 � 22%,
�60 � 24%, and �58 � 25%, respectively (P � .001).

At the 36-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 seven of 101 (7%) patients.
The mean nodule volume reduction in the four different
centers was �64.6 � 21%, �48.8 � 34%, �58.8 � 16%,
and �55.9 � 24%, respectively (Figure 4). The intercenter
coefficient 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 fluid component, � 20% of the volume of the nodule
[P � .84], presence of halo [P � .46], intranodular vas-
cularization [P � .98], and calcifications [P � .06]) were
not predictive factors of a volume decrease of � 50%. At
the 3-year control, five of 101 treated patients (5%) pre-
sented a partial regrowth (defined as a � 20% increase vs
the 1-y post-treatment volume).

Figure 2. Mean nodule volume changes, in milliliters (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 percentage 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 percentage 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). Number of treated patients: center 1 � 24, center
2 � 26, center 3 � 25, and center 4 � 26.
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The presence of local pressure symptoms decreased
from 38 to 8% of cases (P � .002) and the evidence of
cosmetic signs from 72 to 16% of cases (P � .001). The
procedure was defined as well tolerated by most patients
(92%), who scored the pain as lower than 4/10 and de-
clared themselves ready to accept possible subsequent
treatment, if needed. Eight (8%) of the treated subjects
rated the periprocedural pain as moderate to severe (score
from 4 to 7 of the visual-analog questionnaire) and re-
quested treatment with acetaminophen at home for up to
48 hours.

One, although transient, major complication was ob-
served. A case of vocal cord paresis occurred during the
initial phase of the study (second-treated patient) in one of
the centers and self-resolved in 2 weeks, as documented by
ear, nose, and throat examination. Four patients (4%)
presented a low-grade fever the day after treatment. No
changes in thyroid function or autoimmunity were ob-
served during long-term follow up.

All patients were treated in the outpatient clinic, and
none of them requested hospital admission as a conse-
quence of treatment. The mean duration of engagement of
the operators for performing the whole procedure (from
initial targeting to final US assessment) was 31 � 5 min-
utes, and the mean duration of the clinical and US post-
treatment examinations was 72 � 14 minutes.

Group 2
The mean nodule volume was increased at the 36-

month checkup (25 � 42%; P � .04). Local symptoms
worsened in 20 (20.4%) cases. One patient was operated
on because of the worsening of local symptoms, and his-
tology confirmed the lesion as benign. After the second
year of follow-up, eight patients (8.1%) requested a sur-
gical consultation because of concern about the progres-
sion in nodule growth or local symptoms. They, however,
concluded the trial period after a repeat fine-needle aspi-
ration that confirmed a benign cytology. No changes in
thyroid function or autoimmunity were observed.

Discussion

Over the last decades, numerous studies on the use of mini-
invasive techniques have provided consistent evidence of
the short-term clinical efficacy of laser ablation in the man-
agement of benign cold thyroid nodules (13–21, 23, 25–
27, 29, 32, 35, 36). These data were confirmed by two
prospective randomized trials (28, 31), performed with a
diode (28) and an Nd-YAG laser source (31), respectively.
A single LAT session resulted in a similar mean nodule
volume reduction (� volume, �44% and �43%, respec-

tively). A 2-year preliminary report of our multicenter ran-
domized trial substantiated these results, demonstrating a
decrease of nodule volume between 45 and 55% after a
single LAT. Moreover, two large retrospective series on
nodules of different volumes and structures, treated with
different modalities (24, 36), suggested that LAT-induced
changes persist for up to 3 years in most cases. Only a
fraction of the treated nodules (11 of 122 patients [9.0%]),
however, revealed a long-term regrowth, and a few of
these patients underwent surgery.

Besides the demonstrated efficacy of LAT for inducing
rapid shrinkage of thyroid nodules, a few relevant aspects
still needed to be assessed to establish the actual role of this
procedure: long-term efficacy of LAT, results in solid nod-
ules selected and treated with similar modalities, and con-
sistency of results in different centers. Hence, the present
prospective randomized multicenter trial was designed to
assess the long-term clinical and US efficacy, side effects,
and variability of outcome in thyroid centers operating
with the same procedure and adequate experience. Strict
enrollment criteria were used for the exclusion of possible
confounding factors in the evaluation of treatment results.

The results of our study can be summarized as follows.
A single LAT session with two fibers induces a significant
(greater than 50%) nodule volume reduction and the im-
provement of local symptoms in the vast majority of solid,
scintigraphically cold, thyroid nodules. After LAT, vol-
ume reduction is progressive until 12 months and remains
stable until 3 years; only a small minority (5%) of the
laser-treated nodules present partial regrowth.

Baseline characteristics of thyroid nodular disease are
not predictive of the treatment outcome. The probability
of a nodule volume reduction of � 50% seems to be
greater, even if not significantly, in nodules with a minimal
fluid component than in compact solid nodules. At mul-
tivariate analysis, however, baseline nodule volume,
multinodular goiter, a less than 20% fluid collection, pres-
ence of a peripheral halo, marked intranodular vascular-
ization, or calcifications were not predictive factors of a
volume decrease of � 50%. Due to the strict enrollment
criteria and the similar modalities of treatment, no infor-
mation is provided about the potential role of large fluid
collections, thyroid function, autoimmunity alterations,
or different modalities of energy delivery for predicting the
response to treatment.

The results of laser ablation are fairly consistent and
predictable. In fact, the efficacy of LAT appears similar in
different centers when the treatment is performed with the
same procedure by well-trained operators. It is worthy of
note that the nodule volume decrease induced by thermal
ablation strongly correlates with the improvement of the
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initial local symptoms and of neck appearance in the vast
majority of the treated patients.

Major complications are rare. In a former series of 122
patients, vocal cord paresis was reported in 1.6% of pa-
tients (24). In the present multicenter study, only one of
101 (�1.0%) patients presented a transient vocal cord
paresis with complete recovery of vocal cord function doc-
umented by laryngoscopy. In our trial, however, laryn-
goscopy was not performed as a standard procedure in all
patients. Because the clinical examination of the voice
might underestimate the recurrent nerve injury rate, the
occurrence of asymptomatic damage to the recurrent la-
ryngeal nerve cannot be excluded with certainty in our
series. Importantly, our only major complication occurred
in the initial phase of the trial. The risk of laryngeal nerve
damage appears higher for the period of operator training,
and during this stage, thyroid lesions close to the trachea
or in “difficult” areas should be approached very carefully
(37).

The tolerability of laser treatment is good because
nearly all the patients declared they were ready to undergo
a second treatment, if needed. Relevant side effects such as
subcapsular hematoma (38), lightheadedness, skin burn,
cervical swelling, and cystic transformation have been pre-
viously reported (24). In the present study, no center de-
scribed the occurrence of these serious side effects.

Laser ablation is relatively inexpensive. The treatment
is efficiently performed by a team of two physicians and
one nurse in an outpatient setting. The time requested for
the complete procedure is just over 30 minutes, and the
expenses are mostly due to the cost of optical fibers and
disposables (about €600 [US $806] for patient).

Prior anecdotal reports described the development of
autoimmune changes, transient hyperthyroidism, or late
hypothyroidism (24). No change of thyroid function was
observed in our series of patients, whose enrollment cri-
teria excluded the coexistence of autoimmune thyroid
disease.

Part of the thyroid nodules followed up without treat-
ment presented a slow but progressive enlargement. These
findings are in line with the data of former controlled trials
on solid cold thyroid nodules (28, 31). In the present study,
nodule increase was associated, at least in some of the
cases, with worsening of local symptoms. For this reason,
one patient required surgery, and a few others had a sur-
gical consultation. Thyroid hormone profiles were stable
in the follow-up group throughout the observation period.

Conclusions
A single session of laser ablation appears to be an ef-

fective and safe outpatient treatment for solid cold thyroid
nodules because in most cases it induces a 50% volume

reduction. Clinically satisfactory results on both US and
clinical grounds may be achieved, with a very low risk of
side effects, by operators with expertise in image-guided
ablation procedures. Hence, laser ablation offers a less
expensive alternative to surgery for the minority of pa-
tients with growing thyroid nodular disease who may need
treatment because of cosmetic reasons or local symptoms.
Nodule size reduction persists for a few years and is fol-
lowed by symptom relief in most cases. Most importantly,
no change in thyroid function or autoimmunity is gener-
ally observed.
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