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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
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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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6 months and 1 year are reported, subdivided according to

the nature of nodules. Only the volumes registered at 1 year

were significantly different between groups. After 6 months,

the median decrease of nodule volumes was greater but

not significant (p¼ 0.055) in group 1 (8.7 mL, range 2.8–

15.3 mL) than in group 2 (6.2 mL, range 2.4–12 mL). This

difference became more pronounced and statistically signifi-

cant (p50.0001) at 1 year: in group 1 the median nodule

volume decrease was 11.8 mL (range 5.3–20.5 mL) while

in group 2 the median nodule volume decrease was 6.6 mL

(0.1–13 mL).

No difference was observed between the two groups in

terms of complications. The most common side effects were

fever (range 37.2–37.6 �C) limited to the first 24 h after

treatment and local pain. Fever was present in 10% of group 1

patients and 10% in group 2 patients; local pain was observed

in only 2% of patients of each group. Only one case in group 2

required treatment with acetaminophen. No patient has

undergone alteration of the parameters of thyroid function

(TSH, FT3, FT4) at 6 or 12 months, and anti-TPO and anti-

thyroglobulin auto-antibodies were negative (data not shown).

Discussion

Percutaneous laser thermal ablation of thyroid nodules may

be a viable alternative to traditional surgery since it is less

invasive and thus incurs fewer complications. The results

obtained in this prospective randomised study help to partially

explain the wide variability of response to laser thermal

ablation. Our group [6,21,22] and other investigators [4–23]

have reported percentages of volume reduction after treatment

ranging from 43% to 91%. The present study is the first to

identify a reason for the unpredictable variability of response

to laser thermal ablation as it demonstrates that the thyroid

nodule morphology can predict which nodules will respond

better to the percutaneous laser ablation and which will

respond to a lesser degree and/or will tend to grow back again.

The study design of this 12-month prospective nested case-

control study allowed us to compare nodules of the two

groups, which were well matched for volume and sonographic

features, and which received the same energy. The single

variable was the different morphology: well-defined vs.

conglomerate nodules (fusion of multiple nodules). There

was a non-significant trend to better response to treatment for

single or dominant nodules already after 6 months in

comparison with conglomerate nodules. This difference was

statistically significant (p50.0001) and pronounced after 12

months, with well-defined nodules reaching a greater volume

reduction in comparison with conglomerate nodules. In fact,

the conglomerate nodules had a partial volume recovery 6–12

months after treatment, whereas the well-defined nodules

continued to shrink.

We hypothesise that the increased vascularity of nodular

conglomerates, which could favour the dispersion of heat

supplied with the laser fibre and also nodules’ partial re-

growth, might explain our results.

The heat loss from the sink-effect due to increased

vascularity necessarily causes lower temperature that do not

cause the death of cells irradiated; these only undergo damage

that is reversible with immediate cessation of cytosolic and

mitochondrial enzyme activity [24]. Again, the heat damage

triggers cellular death over the course of several days.

In addition, critical temperature at the edge 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, with

relevant variation of the thermal dose required to induce cell

death [25]. Thus the thermal energy required to definitely kill

cells varies in different tissues. Indeed, the exact temperature

at which cell death occurs is multifactorial and tissue-specific.

Based on available experimental and clinical data we have

come to the conclusion that it is necessary to maintain a

temperature of 50 �C for no less than 5 min to achieve

irreversible tissue coagulation. Therefore, in the conglomerate

nodules the cells, at least in part, are not permanently

damaged and can resume their vitality after a variable latency

period.

If such a phenomenon were actually related to the greater

heat loss due to the vascularity of conglomerate nodules, a

strategy might be to treat nodular conglomerates with greater

energy than that used for well-defined nodules in order to

augment the efficacy of the treatment. Finally, our data also

suggest that when informing patients of the expected results

of laser thermal ablation the different response of the nodules

at the same energy due to the morphological characteristics

should be mentioned.
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