Artery-first microwave ablation in the treatment of benign thyroid nodules
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Abstract

Background. Microwave ablation (MWA) is a safe and effective procedure for the treatment of benign
thyroid nodules. The MWA causes progressive nodule shrinkage as well as the improvement of the symptoms
and cosmesis. Some basic techniques have been described to further increase the efficacy and safety of this
procedure.

Objectives. To evaluate the efficacy of artery-first MWA as an advanced technique in the treatment of benign
thyroid nodules.

Materials and methods. A total of 40 patients treated with MWA were enrolled in the study. Nineteen pa-
tients who underwent artery-first MWA were selected for the study group and 21 patients who underwent
MWA alone were included in the control group. Nodular vascularization was assessed using a new Doppler
technique (Superb Microvascular Imaging (SMI)) and characterized using a 3-point scale. All patients were
evaluated in terms of volume, symptoms, cosmetic scores, and laboratory findings before the procedure
aswell as 3 months (early-term follow-up) and 6 months (intermediate-term follow-up) after the procedure.

Results. Both groups were comparable with respect to the baseline volume (p = 0.135). Nevertheless, the nod-
ular volume reduction rate was significantly different at 3-month follow-up (study group: 56.97 +11.39%,
control group: 47.07 £7.93%; p = 0.003) and 6-month follow-up (study group: 78.38 +8.91%, control
group: 69.54 +9.41%; p = 0.004). In both groups, cosmetic and symptom scores decreased progressively
(p < 0.005) and there were no major complications. Thyroid hormones and antibodies were within normal
limits before the procedure, and no significant change was observed during follow-up after the ablation.

Conclusions. The artery-first MWA technique can be used in the treatment of benign thyroid nodules
as a method of increasing the effectiveness of MWA.
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Background

Thyroid nodules are common in the adult population
and their prevalence depends on the diagnostic method
used (ultrasound (US): 20-70%, physical examination:
4-7%, autopsy: 8—65%). A widespread use of imaging tech-
niques has revealed an epidemic of incidental nonpalpable
thyroid nodules. Most nodules are cytologically benign
and do not warrant treatment. However, the nodules may
grow, leading to symptoms by compressing the surround-
ing anatomical structures as well as causing cosmetic
problems. Previously, the standard treatments of choice
for benign thyroid nodules were total thyroidectomy and
levothyroxine therapy.! However, for patients with benign
nodules that cause pressure symptoms and/or cosmetic
concerns, current guidelines recommend thermal ablation
as a cost- and risk-effective alternative to surgery or obser-
vation alone, without causing hypothyroidism or surgical
complications.?

Among thermal ablation methods, microwave ablation
(MWA) has been proven to be a safe and effective option
for the treatment of thyroid nodules.? It uses electromag-
netic radiation to heat the tissue and dielectric hysterics
to produce the heat. The MWA provides several advantages
in comparison to the other heat-based modalities. It is less
susceptible to local differences in impedance and vascular
cooling by the heat sink effect, and produces faster heat-
ing and higher temperatures, resulting in a larger ablation
volume in contrast to radiofrequency ablation (RFA).*

Several studies compare MWA with other methods;
there are also studies comparing different MWA devices
(i.e., cooled, uncooled).?* In these studies, the efficacy was
determined by a reduction in nodular volume after treat-
ment. There are many predictive factors that affect volume
reduction rates (VRRs), such as initial nodule volume,
functional autonomy, components of the nodules, and
energy delivery. In order to increase the efficacy and safety
of the ablation procedure, some basic techniques have
been proven to be efficacious, including the trans-isthmic
approach, the moving shot technique and the overlap-
ping technique. In addition, the artery-first nodular ab-
lation technique, which was developed for RFA and has
had efficacy studies conducted, is used as an advanced
technique in the treatment of benign thyroid nodules.
However, to our knowledge, there have not been any re-
ports validating the efficacy of this technique in MWA.

Objectives

The objective of this study was to investigate the effects
of intra-arterial MWA before nodular ablation on volume
reduction and clinical improvement in the treatment of be-
nign thyroid nodules.
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Materials and methods
Patients

The study was approved by the Institutional Review Board
of the Istanbul Fatih Sultan Mehmet Training and Research
Hospital, Turkey (approval No. 17073117_050.06_050.06).
Informed consent was obtained prior to the study and all
patients were informed about the procedure.

In this retrospective study, 40 patients who under-
went 1 session of nodular MWA or artery-first nodular
MWA from September 2019 to June 2021 were included,
and a total of 40 benign thyroid nodules were evaluated.
The cohort was divided into 2 groups: a study group, which
consisted of 19 patients who were treated with artery-first
MWA, and a control group of 21 patients who underwent
MWA alone. The artery-first MWA technique was per-
formed on hypervascularized nodules when the feeding
artery could be clearly identified. The baseline charac-
teristics of the patients in both groups are summarized
in Table 1.

Table 1. Comparison of demographic and clinical characteristics
of patients

Control group
(n=21)

Study group

Parameter (n=19)

p-value

Age, mean £5D 46.05 +£1043 4347 £10.24 04372
Gender, n (%)
Male 9(429) 9 (474) 0.774°
Female 12 (57.1) 10 (52.6)
Location of nodule, n (%)
Right 9(42.9) 8(42.1)
Left 10 (47.6) 7(3638) oesr?
[stmus 2(9.5) 4(21.1)
Composition of nodule, n (%)
Solid 18(85.7) 17 (89.5) 1.000°
Mainly solid 3(143) 2(10.5)

2 t-test for independent samples; ° Fisher's exact test; SD - standard
deviation.

The inclusion criteria included: 1) over 18 years of age
and not pregnant; 2) benign thyroid nodules proven after
2 different US-guided fine-needle aspiration biopsies (ac-
cording to the American Bethesda System for Reporting
Thyroid Cytopathology); 3) solid or mainly solid nodules
(solid component >80%) on US; 4) presence of subjective
compressive symptoms (dysphagia, dysphonia, dyspnea,
foreign body sensation, etc.) or cosmetic concerns; and
5) normal thyroid function. The exclusion criteria were:
1) retrosternal excessive growth; 2) presence of US find-
ings indicating a malignant nodule despite benign results
of biopsies; 3) incomplete US or laboratory data; and 4) fol-
low-up time shorter than 6 months.
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Equipment and pre-ablative assessment

Sonograms of all nodules were performed using
the Aplio 500 ultrasound system (Toshiba Medical Sys-
tems, Tokyo, Japan) with a broad bandwidth linear array
transducer (imaging frequency: 14 MHz). First, a grayscale
US was performed to evaluate the size, volume, composi-
tion, and characteristics (echogenicity, shape, margin, etc.)
of the nodules. The maximum diameter (A) and 2 vertical
diameters (B and C) were measured and the nodular vol-
ume was calculated using the following equation:

volume = (A x B x C)/2

Next, color Doppler (CD), power Doppler (PD), and
monochrome and color Superb Microvascular Imag-
ing (SMI) were performed to evaluate the vascularity
of the nodules. Monochrome and color SMI were in-
cluded in the pre-procedural vascular examination be-
cause the microvascular flow was provided in greater detail
compared to CD and PD.® This new Doppler technique has
recently been developed to improve microvascular flow
imaging. Intranodular blood flow was assessed subjec-
tively using SMI and identified using a 3-point scale (1 — no
vascularization, 2 — slight vascularization, 3 — marked
vascularization) in all patients.® If the nodules were dem-
onstrated to have slight or marked intranodular vascular-
ization, the arterial flow was evaluated to determine which
ablation procedure should be used. The artery-first MWA
technique was performed in patients where the feeding
artery could be clearly identified using SMI and whose
intranodular vascularity index was 2 or 3. All examinations
were performed by the same interventional radiologist who
also performed the ablation procedure.

The MWA system used in this study was a 2.45 GHz
microwave generator (TATO; Terumo, Rome, Italy) and
an uncooled 18 G antenna. The indicated probe used dur-
ing thyroid ablation had 8 cm in length and 50 g in weight.

113

It had a teflon (PTTFE) coating to prevent adhesions and
ametal tip for soft and precise targeting of thyroid nodules.

Before the ablation, all patients underwent laboratory
examination. Laboratory tests included a complete blood
count, blood coagulation test and complete thyroid func-
tion tests (triiodothyronine (T3), free thyroxine (T4), and
thyroid-stimulating hormone (TSH) levels). In addition,
anti-thyroid peroxidase (anti-TPO) and anti-thyroglobulin
(anti-TG) antibody levels were evaluated. Clinical exami-
nation was performed using symptom and cosmetic scores.
Clinical symptoms were scored using a 10-cm visual ana-
log scale, and a 4-point subjective scale (I — no palpable
mass, II — an invisible but palpable mass, III — a visible
mass during neck extension or swallowing, and IV — easily
visible mass) was used for cosmetic scoring.

Procedure

All MWA treatment procedures were performed as out-
patient procedures. Local anesthesia (2% prilocaine) was
injected subcutaneously into the puncture site in a supine
cervical extension position. Ultrasound-guided hydrodis-
section procedures were performed around the capsule us-
inga 1:1 concentration of 0.5% bupivacaine and 0.9% isotonic
NaCl in order to protect neighbor structures from thermal
damage and subcapsular anesthesia (Fig. 1). Then, the feed-
ing artery was imaged with monochrome (Fig. 2A) and color
SMI (Fig. 2B) and the antennas were inserted into the cen-
ter of the feeding artery in the study group (Fig. 2C,D).
After ablation of the artery, the following nodular ablation
steps were performed in the same manner in both groups.
The MWA antenna was placed into the nodule along its
short axis using a trans-isthmic approach, which is pre-
ferred to minimize the risk of injury to vital structures
and allow visualization of the entire length of the antenna
on the transverse US. During the session, 15-Watt power
output was used and the procedures were conducted using

Fig. 1. Trans-isthmic approach (A,B), hydrodissection (A) and multiple overlapping (B) techniques, which are basic microwave ablation (MWA) techniques
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Fig. 2. A 52-year-old female patient who underwent artery-first microwave ablation (MWA). The feeding artery was detected with the color (A) and
monocrome (B) Superb Microvascular Imaging (SMI) methods. Prior to nodular ablation, the probe was localized into the feeding artery (C). No flow was

observed after artery ablation (D)

the multiple overlapping technique. Each overlapping ab-
lation area was visualized with real-time US and satisfac-
tory volume coverage was obtained. If the patient could
not tolerate the pain and discomfort during the session,
the procedure was interrupted for a short period. The extent
of ablation was estimated taking into account the echogenic
changes around the MWA probe, and the session was termi-
nated when the hyper-echo area covered the entire nodule.
Phonatory control was performed during and after the ab-
lation procedure in order to exclude a recurrent laryngeal
nerve injury. The complete procedure was performed under
aseptic conditions. At the end of the procedure, mild cold
compression was applied to the neck, and patients were
observed in the hospital for 2 h. Before discharge, US was
performed to exclude any possible complications.

Follow-up
Both groups were evaluated in terms of US examina-

tion, clinical symptoms and laboratory data 3 months
(early-term follow-up) and 6 months (intermediate-term

follow-up) after the procedure. The US examination was
performed to assess the characteristics of the nodule.
We determined the VRRs as a primary outcome. Other
efficacy outcomes included improvements in a patient’s
symptoms and cosmetic scores in the early- and interme-
diate-term follow-up. The percentage of volume reduction
was calculated using the following formula:

VRR = [(Pre-procedural volume — follow-up volume) x 100]/
(Pre-procedural volume)

Statistical analyses

Nominal and ordinal parameters were described with
frequencies. Mean and standard deviation (SD) were
used for the description of scale parameters. Median
and interquartile range (IQR) were used for skewed
parameters. The Kolmogorov—Smirnov test was used
to test for the normality distribution of scale param-
eters. For normally distributed parameters, independent
samples t-tests were used. For non-normally distrib-
uted parameters, Mann—Whitney U tests were used.
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The Fisher’s exact test and x? likelihood ratio tests were
used for differences in nominal and ordinal parameters.
Repeated measures analysis of variance (ANOVA) tests
were performed to evaluate the group and time effects
on variables. The SPSS v. 17.0 for Windows (SPSS Inc.,
Chicago, USA) software was used with a 95% confidence
interval (95% CI) and a p-value of 0.05 as the signifi-
cance level.

Results

Both groups were compared regarding age, gender, loca-
tion, and nodule composition (difference between the solid
and mainly solid structure percentage), and the differ-
ences between the groups were not statistically significant
(p > 0.05) (Table 1). Baseline nodular blood flow scores
were 2.08 +£0.51 in the study group compared to 1.30 £0.63
in the control group (p = 0.03). The SMI allowed for choos-
ing the artery-first MWA technique for nodules demon-
strating high nodular blood flow.

The mean baseline volume was 20.94 +15.38 mL
in the whole cohort and did not significantly differ be-
tween groups (p = 0.135). Volumes decreased progressively
after ablation in the whole cohort and were found to be
10.13 +8.39 mL (p = 0.001) and 5.41 +4.41 mL (p = 0.001)
at 3-month and 6-month follow-up, respectively. When
the 2 groups were evaluated separately, the mean base-
line volume of the study group was 17.10 +14.65 mL, and
it decreased to 5.90 +4.4 mL at the 3-month follow-up
and to 3.72 +3.92 mL at the 6-month follow-up. The mean
nodular volume of control group was 24.23 +15.55 mL
at baseline, and decreased to 11.30 +5.4 mL at the 3-month
follow-up and 6.94 +4.34 mL at the 6-month follow-up
(Table 2). In addition, the longest baseline diameter was
3741 £11.26 mm in the study group and 43.94 +9.10 mm
in the control group (p = 0.053). In the study group,
it decreased to 27.63 +8.37 mm and 22.25 +7.87 mm,
and in the control group it decreased to 36.68 +7.87 mm
and 31.75 £7.90 mm at 3-month and 6-month follow-
up, respectively. Although the pre-procedural volumes
(p = 0.135) and longest diameters (p = 0.053) were sta-
tistically similar in both groups, both parameters were
significantly higher in the control group at 3-month and
6-month follow-up (p < 0.05) (Table 2).

As a primary endpoint, VRR in the cohort was
52.53 £10.56% at the 3-month follow-up and 73.91 £10.11%
at the 6-month follow-up. The mean VRRs were higher
in the study group at the 3-month follow-up (study group:
56.97 £11.39%, control group: 47.07 +7.93%, p = 0.003).
This significant difference between the groups remained
unchanged at the 6-month follow-up, registering a greater
volume reduction percentage in patients treated with ar-
tery-first MWA than in patients treated with MWA only
(study group: 78.38 +8.91%, control group: 69.54 +9.41%;
p = 0.004) (Fig. 3A,B).
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Table 2. Clinical and physical examination properties and difference
analysis results of patient groups (study and control groups)

Control Study
Mean +SD group group p-value
(n=21) (n=19)
Volume
Preprocedural 2441 £1555 | 17.10 £14.65 0.135°
39 month, median (IQR) 11.30 (5.4) 5.90 (4.4) 0.000°
6" month 6.94 £4.34 3.72+392 0.0192
Volume reduction ratio
3 month 4707 £793 | 56.97 £11.39 0.0032
6" month 69.54 £9.41 7838 £8.91 0.004°
Longest diameter
Preprocedural 43944910 3741+£11.26  0.053°
3 month 36.68 £7.87 27.63 £8.37 0.0012
6" month 31.75+£790 | 22.25+7.87 0.001°
Cosmetic store
Preprocedural, median (IQR) 4.00 (0) 3.00(1) 0.006°
34 month, median (IQR) 3.00 (2) 2.00(1) 0.069°
6™ month, median (IQR) 2.00 (1) 2.00 (1) 0.153P
Symptom score
Preprocedural, median (IQR) 6.00 (1) 6.00 (1) 0.668°
3 month 2.71+£1.06 216 £1.30 0.144°
6™ month, median (IQR) 1.00 (2) 1.00 (2) 0.830°
TSH
Preprocedural 1.33 £0.58 1.21 £0.57 0.5432
3 month 1.55+£0.84 147 £0.90 0.7832
6" month 1.63+1.02 1.34+0.77 0.309°
T4
Preprocedural, median (IQR) 1.02(0.12) 1.02(0.23) 0.979°
3 month 1.11£0.20 1.03+0.19 0.214°
6 month 1.21 +£0.26 1.08 +0.17 0.081°
T3
Preprocedural 3.18 £0.31 3231042 0.726°
3 month 3.29+032 323 £048 0.6582
6" month 3.32+043 3.16 £0.29 0.1972
Anti-TG
Preprocedural 455 +7.68 930 +12.55 0.294°
3 month 11.16 £19.68 6.98 £6.17 0.999°
6 month 9.84 +9.98 9.22 +7.47 0.828°
Anti-TPO
Preprocedural 9.00 £19.72 6.97 £7.94 0.573°
39 month 1060 £20.69 | 7.01+7.63 0.768°
6 month 8.82+£5.09 8.19 +6.87 0.520°

2 independent samples t-test; ® Mann-Whitney U test. Data are presented
as mean = standard devation (SD). Median and interquartile range (IQR)
were added for skewed parameters. TSH — thyroid-stimulating hormone;
fT4 — free thyroxine; T3 — triiodothyronine; anti-TG - anti-thyroglobulin;
anti-TPO - anti-thyroid peroxidase antibody.
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Fig. 3. Box-plot (ranges, 1°t quartile (Q1), 3" quartile (Q3), medians) of the volume reduction rate (VRR) compression at 3-month (A) and 6-month (B) follow-up

in respective groups

In the study group, symptom scores decreased from
6.00 +1 at baseline to 2.16 +1.30 at the 3-month follow-
up and 1.00 +2 at the 6-month follow-up. In the control
group, symptom scores decreased from 6.00 +1 at base-
line to 2.71 +1.06 at the 3-month follow-up and 1.00 +2
at the 6-month follow-up. Thus, we observed that these
scores decreased rapidly at 3-month follow-up in both
groups. There were no significant differences between
the groups in terms of symptom scores before ablation
(p = 0.668) and at 3-month (p = 0.144) and 6-month
(p = 0.830) follow-up.

In addition, cosmetic score decreased from 3.00 +1
to 2.00 %1, 2.00 +1 in the study group and from 4.00 +0
to 3.00 £2 and to 2.00 +1 in the control group at 3- and
6-month follow-up, respectively. Pre-procedural cosmetic
scores were significantly higher in the control group
(p = 0.006) (Table 2).

Patients had normal thyroid laboratory values at base-
line and 3-month and 6-month follow-up. There were no
significant differences between groups in terms of thy-
roid hormone levels (TSH, fT4, T3) and thyroid antibod-
ies (anti-TG, anti-TPO) at baseline and both follow-up
assessments (Table 2).

The results of repeated measures ANOVA showed that
the differences in volume, longest diameter and cosmetic
scores between the groups were statistically significant
(p < 0.05). However, time (3-month and 6-month follow-up)
and group effect among subjects did not reach statistical
significance (p > 0.05) (Table 3).

Although the treatment was well-tolerated, mild pain was
reported by 2 patients during the ablation and was easily
managed by reducing the energy. One patient in the study
group developed first-degree burns to the skin at the punc-
ture site, which did not require any specific treatment and
resolved within days. There were no major complications
in either group during the session and at post-procedural
follow-up assessments.

Discussion

Minimally invasive thermal ablation has been used
to successfully treat benign thyroid nodules, with MWA
being a more recently developed ablation technique.
Microwaves create an ablation area with thermal and
nonthermal effects. Coagulation necrosis is a thermal ef-
fect, while electroporation, ion acceleration, collision, and
dipole rotation are nonthermal effects.®~® This explains
the main mechanisms in which MWA causes significant
volume reductions in thyroid nodules.” These 2 different
mechanisms of ablation provide some advantages to MWA,
as compared to RFA and percutaneous laser ablation (LA).
Several reports have shown that MWA has a lower compli-
cation rate and similar efficacy when compared to RFA 101!
Recent studies have recognized the efficacy and safety
of MWA in the treatment of benign thyroid nodules.!>!3
However, the VRRs of nodules have wide variations of ap-
prox. 40—80% after 3 months, 48—86% after 6 months and
75-90% after 12 months.}2717 As stated above, this situation
may be due to certain factors and the type of system may
be one of the important determinants. Uncooled systems
that provide real-time temperature control may have a dif-
ferent effect on the nodular tissue surrounding the ablated
area during the procedure, which may affect the success
of the treatment.!” In this study, we performed the proce-
dures with an uncooled system. Because the properties
of the system are dedicated to the thyroid, it is 18 G in size
and has an 8-cm shaft that provides safe and ergonomic
use. Furthermore, literature studies and our recent study
have shown that the tumor volume, clinical scores and
symptom scores significantly improve after treatment
with an uncooled MWA system with low complication
rates.1#1617 In the present study, the findings in both groups
were consistent with the literature and the overall mean
VRR of the treated nodules reached 53% and 74% at 3 and
6 months after ablation, respectively.
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Table 3. Repeated measures results for research parameters based on time and group

Parameter F and p-value
Intercept
F 6.923
Volume
p-value 0.119
F 69.683
Longest diameter
p-value 0.014
F 39.150
Cosmetic score
p-value 0.025
F 4.520
Symptom score
p-value 0.167
F 352.967
TSH
p-value 0.003
F 1563.772
T4
p-value 0.001
F 37152.998
T3
p-value 0.000
F 112.197
Anti-TG
p-value 0.009
F 1238.864
Anti-TPO
p-value 0.001

Group * Time
20.956 58489 0414
0.045 0.017 0.662
82416 74.945 0.329
0.012 0.013 0.720
98.880 312.189 0.133
0.010 0.003 0.876
2.883 414366 0.745
0.232 0.002 0477
5618 4.895 0.218
0.141 0.170 0.804
9.043 4362 0.469
0.095 0.187 0.627
1.012 0.352 0.661
0420 0.740 0518
0.000 0.384 1485
0.996 0.723 0.231
6.001 0316 0.124
0.134 0.760 0.883

Group * Time - effect of both group and time on the parameters; T3 — triiodothyronine; fT4 — free thyroxine; TSH — thyroid-stimulating hormone;
anti-TG — anti-thyroglobulin; anti-TPO — anti-thyroid peroxidase antibody. The p-values in bold are statistically significant.

Thermoablative treatment was performed on an affer-
ent artery of the nodule in the artery-first approach in or-
der to obtain a better ablation of the nodular tissue and
increase the volume of the induced necrosis. Intranodal
prominent vascularity is less than 15% in small benign
thyroid nodules, but can be more than 50% in large be-
nign thyroid nodules.!® Artery-first MWA is an advanced
technique and, to the best of our knowledge, no other stud-
ies have demonstrated a difference in the efficacy (VRRs)
of artery-first MWA. In our study, the efficacy of artery-
first ablation was demonstrated and the VRR showed
a significant difference at the 3-month (p = 0.000) and
6-month (p = 0.003) follow-up. In our study, 3-month and
6-month follow-up were assessed because, as mentioned
by Cui et al., the changes in VRR become evident with
the removal of necrotic tissue during the 3 to 6™ month
post-procedure, due to a delay in the immune system.!’

Many benign thyroid nodules are hypervascularized
and the artery-first ablation technique can be performed
in hypervascularized nodules when a prominent feeding
artery can be identified.?’ The nodules in the upper pole
of the thyroid are usually vascularized from the superior
thyroid artery, while those in the lower pole are vascu-
larized by the inferior thyroid artery.!® In recent studies,
the feeding artery was detected using CD and PD.2-?2 How-
ever, we have assessed the nodular microvascular architec-
ture using SMI, which provided greater detail compared
to other Doppler techniques. This newly developed Dop-
pler technique uses advanced clutter suppression to extract

flow signals from large to small vessels and depicts this
information at high-frame rates as a color overlay image
or as a grayscale flow map.?? In recent studies, the artery-
first technique was used to reduce the dispersion of gener-
ated heat in the RFA of thyroid nodules, and has increased
the efficacy of the procedure during follow-up.?3 Offi
et al. pointed out that the differences between RFA and
artery-first RFA techniques were seen in nodular volume
at follow-up. At the 3-month follow-up, the mean VRR
was 72.7 £8.99% in the study group and 56.28 +14.55%
in the control group (p = 0.003). Moreover, at the 6-month
follow-up, the mean VRR was 83.01 +5.04% in the study
group and 70.0 +15.04% in the control group (p = 0.013).%*
Similarly, in our study, a significant difference was
found between the 2 techniques in VRR at the 3-month
(p = 0.000) and 6-month (p = 0.012) follow-up. These data
lead us to hypothesize that artery-first ablation may in-
crease the efficacy of the procedure and allow a more rapid
reduction in volume. Furthermore, this study detected
a significant improvement in clinical findings between
baseline and the 3-month and 6-month follow-up, but there
was no significant difference between the 2 groups.

The MWA-associated complications are classified
as major and minor. Major complications include tran-
sient or permanent voice change, hypoparathyroidism,
esophageal injury, dysphagia, infection, and nodule rup-
ture. Minor complications include severe pain requiring
medication for relief, skin burns, hematoma, and vomit-
ing. Thermal ablation procedures have significantly lower
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complication rates, and recent studies have reported that
the complications of MWA are mostly minor, although
it was reported that both MWA methods (cooled and
uncooled) had similar incidence of major complications
(4.9% compared to 5.0%, p = 0.49). Pain and skin burns
were reported as the most common minor complications
and were significantly higher in the uncooled MWA group
(p < 0.01). In our study, 2.5% of treated patients had mi-
nor complications and there were no major complications.
The low complication rate achieved using the uncooled sys-
tem compared to previous studies may be due to artificial
liquid isolation-assisted ablation, real-time US guidance,
phonatory control during the procedure, the overlapping
technique, and the trans-isthmic approach. In addition,
as an advanced technique, arterial ablation may have re-
duced the risk of procedure-related hemorrhage.?®

Limitations

This study has some limitations. First, it was a retro-
spective in design single-center study with a small sample
size. Second, follow-up longer than 6 months may be nec-
essary to further observe nodular behavior, since nodule
regrowth may occur and the decision to undergo repeat
thermal ablation or surgery may be needed. Some studies
have suggested supplementary treatment 3—6 months after
ablation.?>?¢ Regardless, in our study, we achieved a 79%
VRR with a single session using artery-first MWA, and
this result is consistent with the current literature. In addi-
tion, in this retrospective study, we did not collect any data
on elastography for nodular stiffness. In the literature, some
measurements with elastography have been found to posi-
tively correlate with better results in thermal ablation, but
these were not clearly defined factors to predict success.?”

Conclusions

In conclusion, MWA devices and techniques continue
to evolve amidst minimally invasive treatment of thyroid
nodules. The use of basic and advanced technical strategies
is critical to ensure treatment efficacy and patient safety.
Therefore, additional prospective studies with large-scale and
long-term follow-up are necessary to validate our findings.
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