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Abstract: Objective: Laser Ablation (LA) is a therapeutic modality for reducing the volume of large
benign thyroid nodules. This retrospective study was aimed at assessing the outcome of LA in patients
with benign nonfunctioning thyroid nodules in a 5-years follow-up.

Methods: Sixty-two patients (47 females; mean age 54.7+12 yr) with benign cold thyroid nodules un-
derwent LA from July 2009 to March 2012. Nodule volume, thyroid function test, and ultrasound were
monitored at baseline, and at 3, 6 and 12 months after the procedure, then annually. After dividing
nodules in solid and spongiform, we evaluated unfavourable outcomes: 1) nodule’s volume reduction
<50%; 2) need for surgery; 3) need for additive LA session (due to nodule re-growth with persistence
of cosmetic concern or compressive symptoms).
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Results: Baseline volume did not differ between solid and spongiform nodules as well as energy deliv-
ered and the number of needles used. Unfavourable outcomes occurred in 24 patients (38.7%). Nine-
teen/24 (79.2%) patients who experienced unfavourable outcomes belonged to the solid nodules group
(P<0.01). When considering only those who benefited from LA, the 5-years reduction was 59.7% for
solid and 78.6% for spongiform nodules (P<0.05). One/6 patients who underwent surgery (solid nod-
ules group) had a final diagnosis of Follicular Variant of Papillary Thyroid Cancer (FVPTC).
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Conclusion: Large solid nodules, unlike spongiform, submitted to LA are characterized by a long-term
unfavourable outcome and entail a potential risk of false negative cytologic results.

Keywords: Thyroid, laser, thermal ablation, nodule, ultrasound, surgery.

1. INTRODUCTION

Thermal Ablation (TA) procedures such as Radiofre-
quency Ablation (RF) and Laser Ablation (LA) are mainly
used to treat benign nonfunctioning thyroid nodules showing
progressive growth over time and becoming symptomatic or
being associated with cosmetic concerns [1, 2]. In the last
decade, several studies confirmed that LA and RF are effec-
tive, also for cystic and hot thyroid nodules and are consid-
ered safe and cost-effective [3-6]. Many studies demon-
strated a significant benefit in volume reduction usually by
50-80%, although the follow-up time was usually equal to or
less than 3 years [7]. Concerns have been raised about the
long-term effect of TA in relation to the chance of nodule re-
growth and putative risk factors for poor outcome [8, 9].

The aim of the present study was to evaluate retrospec-
tively the long-term outcomes of LA treatment in a 5-year
follow up, with an assessment of factors associated with un-
favorable outcomes.
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2. PATIENTS AND METHODS

We followed the methods of Negro et al. 2016 [10]. We
retrospectively evaluated the clinical record of patients who
underwent LA since July 2009 (when LA procedure was
started) to March 2012 at “V. Fazzi” Hospital, Lecce, Italy,
who had follow-up visits for 5 years. All patients were re-
ferred because of a palpable nodule that caused cosmetic
concern or pressure symptoms. Patients submitted to LA
needed to have: 1) two benign cytological findings; 2) nor-
mal serum TSH, free T4 (FT4), and free T3 (FT3) concentra-
tion; 3) hypoactive appearance at 99mTc thyroid scintiscan;
4) no prior thyroid gland treatment; 5) negative calcitonin
values. Patients receiving LT4/LT3 therapies, iodine sup-
plements, and drugs interfering with thyroid function, those
with a history of external radiotherapy or radioiodine expo-
sure were excluded. As per our institution protocol, the
patient was monitored at 3, 6 months, and then annually after
LA. Monitoring consist of thyroid ultrasound (US), and de-
termination of FT4, FT3, TSH, Thyroglobulin antibodies
(TgAb), Peroxidase antibodies (TPOAb), Thyroglobulin (Tg)
and Calcitonin. All thyroid US images were stored. The US
texture of a thyroid nodule was categorized into 1) solid or 2)
spongiform.
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The solid nodule was defined as a nodule with absent or
nearly absent cystic content; spongiform nodule was defined
as a nodule with the diffuse presence of tiny microcystic
spaces intervening.

For the purpose of this retrospective study, one endocri-
nologist (RN) and one radiologist (GG) with a long-standing
experience in thyroid nodules, independently and in a
blinded manner re-evaluated patients nodules into the two
above mentioned categories; discordant opinions were dis-
cussed together and a final decision was taken in accordance.

In our cohort of patients during the 5 years follow up, the
following outcomes were evaluated: 1) nodule’s volume
reduction <50%; 2) need for surgery (due to nodule re-
growth with persistence of cosmetic concern or compressive
symptoms); 3) need for additive LA session (due to nodule
re-growth with persistence of cosmetic concern or compres-
sive symptoms).

2.1. Laboratory Evaluation

Serum TSH, FT3, FT4, Tg, TPOAb, TgAb, and calci-
tonin were assessed as per scheduled protocol (baseline, 3, 6
months, and then annually). Serum TSH, FT3, FT4, and Tg
were measured using a third-generation electrochemilumi-
nescence immunoassay (Roche). Reference values were
0.27-4.2 mlU/liter for TSH, 2.2-4.2pg/ml for FT3, 0.8-
1.7ng/dL for FT4, 0.2-70ng/ml for Tg. TPOAb and TgAb
were determined using a radioimmunoassay kit (DiaSorin);
the reference range was 0-16IU/ml for TPOAb and, 5-100
for TgAb. Calcitonin was determined with commercially
available immunoradiometric assay kits (normal values <10
ng/mL).

Thyroid sonographic evaluation was conducted at base-
line and after 3, 6, months and then annually by means of a
commercially available US scanner (Esaote) equipped with a
7.5-13.0 MHz linear transducer. The nodule volume was
calculated with the ellipsoid formula.

2.2. Laser Ablation Procedure

Light conscious sedation was obtained with intravenous
midazolam (2-5mg) in fractioned boli. After US examination
of the neck and the definition of the entry point of the nee-
dles, local anesthesia was performed with the injection of 2%
xylocaine from the skin deep to the thyroid capsule. LA was
carried out in a single session, inserting 21-gauge spinal nee-
dles into the target thyroid lesion under US monitoring. After
the free-hand positioning of the needle tips, under ultrasound
monitoring, a 300-um-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. Optic
fibers were connected with the laser source, a continuous-
wave Nd-YAG laser operating at 1064-um with an optical
beam splitting device (Elesta, Florence, Italy) and an output
power of 3W. One to three needles were placed manually
along the longitudinal, cranio-caudal, and major nodule axis,
at a distance of 10mm each, fitting at best to the shape of the
nodule. The procedure was started with deposition energy of
1200-1800 J per fiber, in the caudal part of the nodule, 10
mm from the lower margin, the trachea, and the carotid. By
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upward needle/fiber pullbacks of 10mm, additional energy
was administered until a distance of 5-10mm from the upper
part of the nodule was reached. At US monitoring, the area
under treatment was visualized as a hyperechoic zone enlarg-
ing over time due to the formation of gas microbubbles
within the coagulated tissue. After treatment, the patients
were given an iv injection of ketoprofen.

2.3. Statistical Analysis

Wilcoxon test was used to evaluate the absolute change
in volume between two consecutive periods. Unpaired T-test
and the chi-square test were used to compare differences
between solid and spongiform nodules. A p-value <0.05 was
considered significant. Values are expressed as means+SD or
as a percentage. Statistical analysis was performed using
SPSS (Chicago, IL).

3. RESULTS

Eighty-four patients underwent LA between July 2009 to
March 2012. Twenty/84 (23.8%) were excluded from the
analysis because 8 (9.5%) were lost at follow up, and 12
(14.3%) because all the scheduled follow-up data were not
present (12 had spongiform nodules and 8 had solid nod-
ules). Two patients were excluded, one for pregnancy and
the other one for complications associated with LA proce-
dure that required surgical intervention. The patient pre-
sented with multinodular goitre and initially refused surgery,
then underwent an LA of a thyroid nodule. Fifty days after
the procedure she developed a tracheal bruit and, after tra-
cheoscopy, a tracheal perforation was diagnosed and she
underwent a total thyroidectomy plus tracheal repair.

We finally obtained 62 patients (whose characteristics of
the patient are provided in Table 1) who completed the 5-
year follow up.

Table 1. Characteristics of patients.
Number 62
Sex (F/M) 47/15
Age (yr) 54.7£11.7
TSH (mIU/L) 1.4+0.9
FT4 (ng/dl) 1.1+£0.3
Thyroglobulin (ng/ml) 55.2+67.5
TPOAD (+) n (%) 6(9.7%)
TgAb (+) n (%) 6(9.7%)
TPOAD and TgAD (+) n (%) 3 (4.8%)
Baseline volume (ml) 15.7£11.7
Solid/Spongiform 29/33

Energy delivered (Joules) 6168.1+£3356.2

Needles (number) 1.8+0.6
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One/62 patients (1.6%) was TPOADb and TgAb positive,
5 patients (8.1%) were TPOADb positive, 8 patients (12.9%)
were TgAb positive. The prevalence of thyroid autoimmu-
nity did not change over time, as well as thyroid function and
Tg values.

Baseline volume did not differ between solid and spongi-
form nodules as well as energy delivered and the number of
needles used (Table 2). Unfavourable outcomes occurred in
24 patients (38.7%): volume reduction <50% in 11, thyroid
surgery in 6, additive LA in 7 patients. Nineteen/24 (79.2%)
patients who experienced unfavourable outcomes belonged
to the solid nodules group. In the spongiform nodules group,
the mean volume of patients with adverse outcomes was
25.9424ml vs 12.3£7ml in solid nodules (P<0.01). When
dividing spongiform and solid nodules into two subgroups,
i.e. favorable and unfavorable outcomes, the 5-year reduc-
tion rate was significantly smaller in unfavorable spongiform
and solid groups (-26% and -16.3%, respectively) vs favor-
able spongiform and solid groups (-78.6% and -59.7%, re-
spectively) (P<0.01) (Fig. 1). When excluding patients with
unfavourable outcomes, and considering only those who
benefited from LA, the 5-year reduction was 59.7% for solid
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and 78.6% for spongiform nodules (P<0.05) with a mean
baseline volume of 17.6+£8.5ml and 13.9+8ml, respectively
(P=ns). Notably, 1/6 patients who underwent surgery (solid
nodules group) had a final diagnosis of follicular variant of
papillary thyroid cancer (FVPTC).

4. DISCUSSION

The present investigation, although limited by data col-
lected retrospectively, clearly indicates that solid nodules,
unlike spongiform, are unfit to undergo LA. When compared
with spongiform nodules, the solid ones showed an increased
rate of unfavorable events. Data showed that after a 5-year
follow up period, the number of nodules having a volume
decrease <50% compared to baseline, was significantly
higher in solid than spongiform ones. In line with this find-
ing, also, patients who required surgery or additive LA for
nodule re-growth were more in solid than in the spongiform
group.

The long-term success rate of TA is of pivotal impor-
tance especially when this procedure is compared with surgi-
cal treatment. The advantages of TA procedures as an

Table2. Technical remarks and outcomes in solid and spongiform nodules.
- Solid (29) Spongiform (33) P
Baseline volume (ml) 14.3£8 16.8£14ml ns
Energy delivered (Joules) 6540+£3200 671243397 ns
Needles used (n) 1.8+0.6 1.9+0.6 ns
Unfavourable outcomes n (%) 19/29 (65.5) 5/33 (15.1) <0.01
0
10 3 month 6 month 1vyear 2 year 3 year 4 year 5 year
-20 -16.3
-30 ) -~ - -25.1 & ’_25
-28.8
. “GDerem - &
- -32.8 - 34.9
Reduction -40 313 peon - - ap a» a» & a» a» oF
0 ' -40.4
Rate (%) ., 432 435 -42 416 -42
-49.8 -49.1
-60
-70
-80 73.4 -74.5 758
-78.6
-90
solid nodules favorable outcome (6 patients) solid nodules unfavorable outcome (19 patients)
e spongiform nodules favorable outcome (23 patients) e» e» spongiform nodules unfavorable outcome (6 patients)

Fig. (1). Reduction rate in solid and spongiform nodules.; divided by outcomes (favorable and unfavorable). Data are expressed as percent-

age in respect to baseline.
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alternative to surgery are related to avoidance of permanent
hypothyroidism, variable aesthetic damage to the neck, pos-
sible hypoparathyroidism; moreover, TA procedures are es-
pecially indicated for patients entailing high surgical risk
[11]. On the other hand, surgical option offers the indisput-
able advantages deriving from a definitive solution and the
availability of the histologic report. In this view, the use of
TA should be properly addressed to represent a valid alterna-
tive to surgery. Then, the objective is to understand which
nodules deserve to be treated with TA and the technique to
be used in order to magnify benefits and minimize failures.
In a previously published retrospective study, we observed
that LA performs better in spongiform than solid nodules, as
the former showed a major, progressive and durable shrink-
age while the latter showed a tendency for re-growth (10).
Studies published in the last decade observed a rate of nod-
ule re-growth or referral to surgery or additional TA session
for unsatisfactory results in up to 35% of cases [12, 13].
Some authors observed that re-growth might be related to the
baseline volume: the larger the size of the treated nodule, the
lesser the volume reduction [14, 15]. The recurrence rate
might be explained by the portion of a nodule that is left un-
treated (vital volume): the larger the size of the vital volume,
the higher the recurrence rate (8). In our series of patients,
baseline volume and energy delivered were similar in solid
and spongiform nodules, then it sounds unconvincing that
the higher rate of unfavorable events detected in solid nod-
ules may be related to the volume in itself. Indeed, baseline
volume of solid nodules that underwent unfavorable events
was about half of spongiform ones, whereas the baseline
volume of solid nodules with a favorable outcome was simi-
lar to spongiform ones. Then globally these data suggest that
the success rate of LA depends on the type of nodule more
than its volume. Our data certainly need confirmation from a
randomized trial, but might be logically explained by the
different densities of the treated nodules [16]. It may be
speculated that solid nodules, due to their compactness, at-
tenuate the heat diffusion more than spongiform ones, leav-
ing untreated a larger amount of tissue that subsequently
tends to re-growth [17].

In our group of patients, we did not observe significant
variations in Tg concentrations and autoimmunity. Our find-
ings are in accordance with previously published papers,
demonstrating only a transient increase in Tg concentrations
immediately after the procedure and a non-significant impact
of laser ablation in eliciting an autoimmune response [18,
19].

Another interesting finding is the occurrence of one case
of FVPTC among the 6 patients with solid nodules who un-
derwent surgery. This is another point to be considered when
evaluating eligible patients for TA: the malignancy rate is
virtually null in spongiform nodules but is up to about 2.5%
in solid and isoechoic ones, amounting up to about 11% in
nodules larger than 30mm [20-22]. Especially in relation to
the finding of one case of FVPTC, it is worth to remind that
the risk of false negative finding is significantly increased
and that an additional assessment of somatic mutations and
molecular alterations might be considered as helpful diag-
nostic markers in large solid nodules [23-25].
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CONCLUSION

In conclusion, our results showed that solid nodules sub-
mitted to LA are characterized by a long-term unfavourable
outcome so that, unlike spongiform, are unfit to undergo LA.
Moreover, in large solid nodules potential candidate for TA,
the risk of false negative cytologic result should be taken
into account. Prospective studies are needed to better under-
stand which nodules are the best candidate for thermal abla-
tion. In particular, the assessment of nodule ultrasound fea-
tures (echogenicity, vascular pattern, stiffness) and optimal
energy to deliver, still represent points to be elucidated to
obtain a significant and above all lasting shrinkage.

LIST OF ABBREVIATION

LA = Laser Ablation

RF = Radiofrequency

TA = Thermal Ablation

Tg = hyroglobulin

TgAb = Thyroglobulin antibodies

TPOAb = Peroxidase antibodies

US = Ultrasound
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