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Abstract

Introduction: The objective of this study was to compare the efficiency of microwave ablation (MWA) and radioactive iodine (RAI) in the
treatment of toxic adenoma (TA), and to investigate the functional treatment success of the used modalities for its remission.
Material and methods: Treatment outcomes — thyroid hormone levels and nodule characteristics — of 30 patients (23:7 F:M; 52.77 ±
11.13 years) treated by MWA were compared with the those of 35 patients (24:11 F:M; 61.43 ± 12.60 years) treated by RAI. The baseline
characteristics of TAs, which are gender and pre volume, were analogous and did not show any statistical significance (p > 0.05). Thyroid
hormone levels of patients treated with two different methods were measured after 9 months, and the obtained results were compared.
Results: Although there was no statistically significant difference in the nodule volume (p > 0.05), there was a greater volume reduction rate (VRR%) in the group treated with MWA rather than RAI (p < 0.05) at the end of the follow-up. In the MWA group, there was
a higher increase in FT3 than in the RAI group (p < 0.05). Furthermore, no statistically significant difference in TSH (p = 0.124) and FT4
(p = 0.144) levels of the patients as treatment outcomes was observed. The therapeutic success was accomplished in 18/30 (60%) of the
MWA group and in 24/35 (68.6%) of the RAI group.
Conclusions: Therapeutic success of MWA and RAI did not show any statistically significant difference (p = 0.471). However, the development of hypothyroidism in 7 of 35 patients treated with RAI was observed. On the other hand, no case of post‐treatment hypothyroidism
was observed in patients treated with MWA. In this regard, MWA could be a great alternative to RAI due to its advantages in terms of
non-exposure to radiation and lower risk of post-treatment hypothyroidism. (Endokrynol Pol 2021; 72 (2): 120–125)
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Introduction
The second most widespread cause of hyperthyroidism after Graves’ disease is autonomously functioning
thyroid nodules (AFTN) [1]. Toxic adenoma (TA) and
toxic multinodular goitre take place as an outcome of
focal and/or diffuse hyperplasia of thyroid follicular
cells [2]. AFTN can lead to the development of a series
of functional abnormalities, including euthyroidism
and overt hyperthyroidism [3]. Although euthyroidism can be achieved with thionamides, the symptoms
of hyperthyroidism can be controlled rather than undertaking permanent treatment [4]. Antithyroid drugs
(ATDs) can be an option in the long-term treatment of
patients who do not want surgery or radioactive iodine
(RAI) therapy [5]. The choice between radioiodine and

surgery is based on individual patient factors and the
regional availability of specialist thyroid surgeons. Permanent treatments for toxic thyroid adenomas are RAI
treatment and surgery [6, 7]. Thionamides are often
used before surgery and RAI to prepare patients for
permanent treatments.
Several techniques have been applied up to now for
the treatment of AFTNs, some of which are percutaneous ethanol injection (PEI) [8, 9] and laser ablation (LA)
[10]. Due to their disadvantages such as less effectivity
in the treatment of solid nodules and the requirement
of multiple and tedious treatment secession for PEI
and LA, respectively, alternative approaches have been
tried in the last decades. In recent years, in particular,
American thyroid associations have proposed radio
frequency (RF) ablation as a new thermal ablation treat-
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ment modality for toxic adenomas patients who are
not suitable or refuse to undergo permanent treatment
options and ATDs [11]. The risk of major complications
such as recurrent laryngeal palsy and hypoparathyroidism with these techniques is very low [12]. Also, its
important advantages have been considered as good
alternatives for patients unwilling to undergo surgery
or RAI therapy due to benefits such as acceptable nodule shrinkage, the ability to be treated on an outpatient
basis, and long-term effects [13].
In recent years, alternatively, microwave ablation
(MWA) has been emerging as a new technology and is
attracting increasing attention for the treatment of thyroid nodules because of its advantages including good
cosmetic results, low complication rate, and nodule
shrinking efficacy, especially for young patients who
are preferring non-surgical treatments [14]. Although
MWA therapy has been applied in several studies for
the treatment of benign thyroid nodules, to the best of
our knowledge, no study has been conducted up to now
for the examination of the effectiveness of MWA in the
treatment of AFTNs. Thus, the purpose of this study is
to investigate the efficacy and safety of MWA ablation
for AFTN therapy in a large population of patients.

Material and methods
Ethics statement

University of Health Sciences Antalya Training and Research
Hospital Ethics Committee approved this study (Ethics Committee
approval number and date: 12\19-13\8\2020). All patients gave their
written informed consent before the procedure.

Patients

This study was carried out as a retrospective analysis of a prospectively collected data. From January 2017 to August 2020, 35 patients
treated with radioactive iodine (RAI) for biochemically non-occult
AFTN and 30 patients who underwent ultrasound-guided microwave ablation for biochemically non-occult AFTN were included
in the study. The inclusion criteria of the MWA group were as
follows: 1) patients with functioning solid thyroid nodules; 2)
ineligibility or refusal to undergo surgery; and 3) benign nodules
(fine needle aspiration biopsy results based on Bethesda categories).
The exclusion criteria were as follows: nodules with increased risk
for malignancy and malignant nodules (Bethesda categories ≥ 3).

Laboratory assessment

A Unicel TM Dxl 800 Access Immunoassay System (Beckman Coulter Inc., Brea, CA, USA) was used to measure serum thyroid function
tests. The normal ranges of these tests were 0.61–1.1 ng/dL, 2.5–3.9
pg/mL, 0.34–5.86 μIU/mL, 0–4 IU/mL, and 0–10 IU/ml for free T4, free
T3, thyrotropin (TSH), anti Tg, and TPO, respectively. Laboratory
tests were performed 1, 3, and 9 months after treatment modalities.

Microwave ablation

A microwave ablation system (ECO-100AI3) with a microwave
generator producing 30–40 W of power at 2450 MHz either continuously or in a pulse, a flexible cable, and internally-cooled 16-gauge
thyroid antenna with 10 cm shaft length with a 3.0 mm active
tip was used. Autonomous thyroid nodule ablation was applied

on an outpatient basis under local anaesthesia without sedation.
The patient was placed in a supine position with the neck mildly
hyperextended. After determining the appropriate puncture side,
a mixture of 30/70% lidocaine (Osel Pharmaceuticals, Istanbul,
Turkey) and saline was applied along the puncture path from the
skin to the thyroid capsule and then infused into the surrounding
thyroid capsule to preserve vital structures adjacent to the thyroid
nodule. An internally cooled thyroid microwave ablation antenna
was positioned under ultrasound guidance via trans-isthmic approach or lateral cervical approach. A moving shot technique
was used to ablate the target nodule throughout the procedure.
Therapy was completed when the entire nodule was covered with
hyperechoic echo, which is indicative of ablation. Vital signs were
monitored during the procedure, and phonation was evaluated
intermittently. After the procedure, all patients were followed up
for 2 hours with cold compression to the neck to prevent haematoma. Before discharging the patients, an ultrasound examination
was performed to evaluate the changes in MWA-induced focal
complications.

RAI ablation

Scintigraphic images were obtained in all patients 15–20 min after
the application of 75 MBq Tc-99m-pertechnetate and recorded with
a scintillation camera (Mediso Nucline XR® TH / 22, Budapest,
Hungary). Unifocal overactive areas with reduced or suppressed
uptake in the remaining thyroid tissue were thought to be compatible with non-occult AFTN along with suppressed TSH. The
patients were administered a fixed dose of 15 mCi (555 MBq) RAI
131
I without prior antithyroid therapy). Necessary information about
radiation safety was given verbally and in writing, and then the
patients were discharged.

Treatment efficiency and follow-up

The volumes of the nodules before, after, and during the followup process were assessed by ultrasonography examination via the
use of a 5-14 MHz linear probe of a real-time ultrasound system
(Aplio 500, Toshiba Medical Systems, Tokyo, Japan). The orthogonal diameters of the nodules before ablation, which are a, b, and
c calculated from the equation V = πabc/6, where V = volume,
π = 3.14159, a = the largest diameter, and b and c = the other two
perpendicular diameters. In the calculation of the volume reduction
ratio (VRR%), the following equation was used:
[Baseline volume – volume at 9 months] / [Baseline volume] 100.
The success of the therapy was accepted as euthyroid state at
6 months without antithyroid medical treatment. Antithyroid
therapy was not used before MWA or RAI and during follow-up.
Beta-blocker therapy was used if needed. With the aim of restoring
euthyroidism, the levothyroxine treatment was administrated in
the presence of a permanent hypothyroid state. Hypothyroidism,
which is defined as high serum TSH concentration together with
a low serum free T4 concentration, is a functional major side effect
compared between two groups.

Statistical analysis

SPSS® 20.0 (Statistical Packages for Social Sciences; SPSS Inc,
Chicago, Illinois, USA) was used to assess all the statistical tests.
The normality and the homogeneity of the data were evaluated
by Shapiro-Wilk and Levene’s test of homogeneity. Qualitative
variables were presented as percentages or frequencies, while
continues variables were reported as mean ± SD. The data of the
two groups were compared by the use of appropriate independent
t, Mann-Whitney U, Wilcoxon rank, and Pearson chi-square tests.
The significance level was considered as a p value of less than 0.05.
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Patients’ data

The baseline characteristic data of the patients and
the nodules according to their treatment grouping are
summarised in Table 1. A statistical significance test
was conducted to reveal the analogies between the two
groups. Results revealed that gender, TSH, volume, and
thyroid autoantibodies did not exhibit any statistically
significant difference (p > 0.05). Also, before MWA
therapy, positive thyroid autoantibodies were present
in 4:30 patients, and 2:35 before RI therapy.

Treatment outcomes

Table 2 presents the treatment outcomes of the 6-month
follow-up of the two groups. Investigation of Table 2 reveals that, at the end of the follow-up, there was no statistical difference between MWA and RI groups in terms
of nodule volume (p = 0.916). On the other hand, it can
be clearly seen that there was a higher volume reduction rate in the MWA group compared to the RI group
(p = 0.008). In FT3 values, there was a greater increase in
the MWA group rather than RI (p < 0.001). In addition,
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no statistically significant difference between the TSH
(p = 0.124) and FT4 (p = 0.144) levels of the patients in
the two groups was observed. The functional undesirable effect was 20% in the RI group in terms of clinical
hypothyroidism percentage, whereas no undesirable
effect was observed for the MWA group. Overall, none
of the patients in both of the groups exhibited major
complications in either of the groups.
The functional therapeutic success (FTS), defined
as the restoration of euthyroidism, of the two groups
was also investigated, and the detailed cross tabulation
results are given in Table 3, which shows that FTS was
achieved in 18/30 and 24/35 patients with a percentage
of 60.0–88.6% in the MWA and RI groups, respectively,
and there was no statistically significant difference
between the values of them (p = 0.471).

Discussion
Our study showed that MWA is effective in treating
TAs. While VRR% was higher in patients who underwent MWA, the therapeutic success rate was higher in
the group receiving RAI. On the other hand, although

Table 1. The baseline features of the patients and nodules according to treatment modalities
Baseline

RAI (n = 35)

MWA (n = 30)

p value

Age

61.43 ± 12.60

52.77 ± 11.13

0.005

24:11

23:7

0.467

Gender (F:M)
FT3 (2.5–3.9 pg/mL)

3.34 ± 0.85

4.36 ± 0.76

0.000

FT4 (0.61–1.1 ng/dL)

0.96 (0.78–1.10)

1.12 (0.89–1.51)

0.006

0.05 (0.03 ± 0.13)

0.07 (0.04–0.22)

0.291

6.08 (4.24–8.82)

8.08 (4.03–12.50)

TSH (0.34–5.86 mIU/mL)
Volume (cc)
Thyroid autoantibodies
Positive:negative (%)

0.130
0.403

5:30 (14.3%)

4:26 (13.3%)

FT3 — free triiodothyronine; FT4 — free thyroxine; TSH — thyroid-stimulating hormone; RAI — radioactive iodine; MWA — microwave ablation;
p < 0.05 is significant

Table 2. Treatment outcomes after nine months

Volume [cc]
VRR%
FT3 (2.5–3.9 pg/mL)

RAI

MWA

p value

3.48 (2.00–5.43)

3.30 (2.16–6.10)

.916

45.81 (20.60–45.81)

54.29 (45.23–59.61)

.008

3.14 (2.75–3.32)

3.79 (3.37–4.70)

.000

FT4 (0.61–1.1 ng/dL)

0.87 (0.78–1.00)

0.98 (0.78–1.06)

.144

TSH (0.34–5.86 mIU/mL)

1.20 (0.68–1.95)

1.04 (0.19–1.55)

.124

7/35 (20%)

0

Functional undesirable effect
Hypothyroidism (%)*

RAI — radioactive iodine; MWA — microwave ablation; *hypothyroidism was defined as high TSH concentration in association with low serum free thyroxine
concentration; VRR — volume reduction ratio; FT3 — free triiodothyronine; FT4 — free thyroxine; TSH — thyroid-stimulating hormone; p < 0.05 is significant
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Table 3. Cross tabulation results
Functional therapeutic outcome (FTO)
Therapeutic success

Therapeutic unsuccess

Total

MWA Treatment
18

12

30

% within MWA

Count

60.0%

40.0%

100.0%

% within FTO

42.9%

52.2

46.2%

24

11

35

% within RAI

68.6%

31.4%

100.0%

% within FTO

57.1%

47.8%

53.8%

42

23

65

Count

ORIGINAL PAPER

RAI Treatment

Total
Count
% within Treatment

64.6%

35.4%

100.0%

% within FTO

100.0%

100.0%

100.0%

RAI — radioactive iodine; MWA — microwave ablation; chi-square test. Pearson c2 = 0.519, p = 0.471

hypothyroidism did not develop in any case after MWA,
the development of hypothyroidism was statistically
higher in the group that received RAI in the follow-up.
Hemithyroidectomy and RAI ablation are the permanent treatment used for TAs. The surgical process
lowers the risk of permanent hypocalcaemia in the
presence of damage to the affected side in the parathyroid glands. Furthermore, it ensures the maintenance
of thyroid function by means of contralateral healthy
thyroid lobe. All in all, the risk of permanent unilateral
laryngeal nerve injury after surgical procedure is still
between 0% and 2.1% [15].
The other alternative form of permanent therapy is
RI, due to its high percentage of clinical efficacy between
3 and 12 months and its low cost [16]. However, RAI is
absolutely contraindicated in pregnant or breastfeeding
women [17]. The main disadvantage of RAI is the delay
in conception for at least 6 months and the development
of undesirable complications after exposure to radiation
in both male and female patients [18, 19].
TAs lead to the investigation of alternative treatments, especially in selected patient groups, due to the
disadvantages of both surgery and RAI treatment in
their permanent treatments. A new development for
the treatment of thyroid diseases — ultrasound-guided
MWA — has the advantages of being minimally invasive, safe, and effective [20–22]. Huo S et al. reported
that there was no adverse effect on the patient or foetus
in the follow-up after MWA for an autonomously functioning thyroid nodule in a pregnant patient [23]. No
study comparing MWA and RA has been reported in the
literature until now. However, there are studies comparing RAI with other minimally invasive methods such as
radiofrequency ablation and alcohol ablation [24, 25]. As

in these studies, the end points in our study to evaluate the effectiveness of each treatment were volume
nodule reduction and resolution of the hyperthyroid
state 9 months after RAI and MWA. When evaluating
through VRR%, the rate of volume reduction after RAI
in TAs has been reported as 35–54% in the literature
[16, 26, 27]. After radiofrequency ablation, this rate was
reported as 52.1% and 79.7% [28, 29]. After percutaneous alcohol ablation in toxic nodules, the rate of thyroid
nodule volume reduction was reported to be 66% in
the 12th month [30]. In our study, although VRR% was
evaluated at the 9th month after MWA, it was found that
it was similar to VRR% in the 12th month of other minimally invasive methods. However, it was determined
that VRR% was statistically higher in the MWA group
compared to the patients who received RAI.
Hypothyroidism is less common after initial toxic
adenoma radioiodine therapy. The risk of developing
hypothyroidism after RAI is 12–32% after one year [31].
Focal nodule autonomy areas take up more radioiodine,
while in the contralateral thyroid tissue suppressed by
the hyperthyroid state, uptake is limited. As a result,
radioiodine tends to destroy only autonomic areas, and
most patients remain euthyroid after radioiodine administration [32]. Patients who develop hypothyroidism
usually have incomplete suppression of iodine uptake
in the extranodular tissue, or the patient has chronic
lymphocytic thyroiditis with an autonomic toxic nodule [33, 34]. In our study, when the thyroid function of
patients was evaluated after treatment, euthyroidism
was achieved in 68.6% of the RAI group and 60% of
the MWA group.
Although the rate of euthyroid patients was high
in the RAI group, hypothyroidism was observed in
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7 patients in the RAI group after treatment, while no
hypothyroidism was found in the MWA group. In addition, 5 patients in the RAI group had antibody positivity
(TPOAb), and all of these patients developed hypothyroidism after treatment. However, although 2 patients
in the MWA group had antibody positivity, no hypothyroidism was observed after treatment. We think that
this is because MWA affects only the autonomic nodule,
and even if the antibody is positive, it does not destroy
other healthy thyroid tissue. In a study by Cervelli R. et
al. [24], although most of the patients (72%) treated with
RAI converted to euthyroidism, clinical hypothyroidism
was found in 5 patients. In addition, it was determined
that 5 hypothyroid patients after treatment had positive
TPOAb before RAI treatment. It has been reported that
high TPOAb levels may be considered as a risk factor for
hypothyroidism [35, 36]. Moreover, I131 retained by the
autonomic nodule after RI treatment is taken up by the
thyroid tissue surrounding the autonomic nodule and
damages healthy thyroid cells [37]. Because thermal damage is created in the local area of the nodule with MWA,
it does not damage healthy cells around the nodule.
The limitation of our study is that, due to the
small sample size, large patient series with long-term
follow-up are needed to better evaluate the efficacy
after MWA treatment.
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