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Background. The aim of this research is to investigate the feasibility of percutaneous ultrasound-guided microwave ablation
(MWA) for benign solid thyroid nodules. Methods. Ultrasound-guided percutaneous microwave ablation was performed for
90 benign solid thyroid nodules in 75 patients. The volume changes of the nodules were evaluated before and after
microwave ablation, and the cosmetic grading and clinical symptoms were assessed as well. Results. The volume of all the
90 benign thyroid nodules obviously decreased after microwave ablation at 3-, 6-, 9-, and 12-month follow-ups (p < 0 01),
while that of the control group increased at the follow-up of 12 months (p < 0 01). The volume reduction rate (VRR) at
3-, 6-, 9-, and 12-month follow-ups was 55.98%, 69.31%, 76.65%, and 84.67% in the MWA group, respectively. The
cosmetic problems and clinical symptoms were also improved in the MWA group. All the patients are well tolerated to the
procedure. Hoarseness occurred in 2 cases (2.7%) and Horner syndrome in 1 case (1.3%), and 1 patient (1.3%) developed
slight burn on cervical skin. Conclusions. Ultrasound-guided percutaneous microwave ablation is a practical method for
treating benign solid thyroid nodules, and the complications were acceptable. The trial is registered with clinicaltrials.gov with
the registration number NCT03057925.

1. Introduction
Thyroid nodules (TNs) are a common clinical disease, discovered by palpation in 3 to 7% and by ultrasound in about
50% of the general population [1]. Recent epidemiological
studies indicated that the prevalence of thyroid nodules in
the general population in Chinese men and women was
24.1% and 34.7%, respectively [2]. For the residents over
40 years old, thyroid nodule incidence is up to 46.6% [3].
Prevalence increased rapidly promotes the greater demand
for more tailored treatment. However, there is in some
dilemma for the doctors. For benign thyroid nodules, the
medical conservative treatment such as levothyroxine suppressive therapy will not make it disappear, and the patients

will be exposed to more risk if they received surgery, such
as iatrogenic hypothyroidism, recurrent laryngeal nerve
palsy, hypoparathyroidism, and other complications [4].
Many patients are with great anxiety. More tailored and
minimal invasive modalities are needed. The last decades
have witnessed the development of several nonsurgical,
image-guided, minimally invasive approaches for treatment of TNs. The applications of thermal ablation to treat
thyroid benign nodules showed obvious advantages [5–10].
Although there have been several studies comparing MWA
with other methods or comparing devices [11, 12], to our
knowledge, there has been no report of a comparison of the
eﬃcacy of MWA and control group. The aim of our study
was to deﬁne the eﬀectiveness of MWA in reducing nodule
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volume and relieving nodule-related clinical problems and to
exclude an eﬀect due to spontaneous nodule reduction by
comparing treatment with control groups.

2. Material and Methods
2.1. Patients. A total 115 patients with 144 benign thyroid
nodules were recruited from January to December 2015 in
a thyroid center of one medical institution. The inclusion
criteria for all the patients were as follows according to the
current RFA guidelines [13]: (1) with solid or predominantly
solid nodules on ultrasound (solid component > 75%); (2)
with complaints of pressure symptoms, throat constraint,
and/or swallowing diﬃculty or esthetic problems; (3) with
benign cytology that means colloid and sheets of follicular
cells without atypia, class 2 [14]; (4) without a history of
treatment and refused to surgery; (5) and with normal
thyroid function. The MWA group composed of those who
received microwave ablation for the treatment. In the same
period, patients who met the abovementioned inclusion
criteria chose follow-up with periodical ultrasound checkup
instead of any medical treatment made up of a control group.
All the nodules had a benign diagnosis by ultrasound-guided
ﬁne needle aspiration cytology (FNAC). The MWA group
consists of 64 females and 11 males, while the control group
consists of 29 females and 11 males. All patients signed a
written informed consent. The protocol was approved by
the Ethics Committee of the First Aﬃliated Hospital of
Wenzhou Medical University. The two groups in terms of
age, gender, nodule locations, and thyroid hormones were
compared, and the diﬀerences were not signiﬁcant (Table 1).
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Table 1: Demographic characteristics of the ablation group
and control group. Normal ranges of the hormones are TSH
0.34~5.6 mIU/l, FT3 3.8~6.0 pmol/l, and FT4 7.86~14.41 pmol/l.

Cases (n)
Nodules (n)
Age (y)
Gender
Male
Female
Ablation time (s)
Power (w)
Location
Left lobe (n)
Right lobe (n)
Isthmus (n)
TSH (mIU/l)
FT3 (pmol/l)
FT4 (pmol/l)

Ablation group

Control group

p value

75
90
39.38 ± 10.09

40
54
43.36 ± 9.88

—
—
0.187

11 (14.7)
64 (85.3)
418.2 ± 308.36
35.00

11 (27.5)
29 (72.5)
—
—

—
0.096
—
—

36
46
8
1.73 ± 1.88
4.32 ± 0.55
11.43 ± 4.30

23
26
5
1.34 ± 0.68
4.30 ± 0.67
10.12 ± 2.44

—
0.942
—
0.523
0.928
0.360

2.2. Equipment and Preoperative Preparation. Nanjing
YIGAO company ECO-100 multifunctional microwave therapeutic instrument was applied with disposable microwave
ablation needle antenna (16 G). The antenna type (10 cm in
total length, 1.6 mm in diameter, and 3 mm in length of
active tip) is suitable for superﬁcial organs. Output power
setting was 35 W, with a frequency of 2450 MHz, and the
internally cooled needle antenna with normal saline for
cold circulation ﬂuid was used. The diameters, composition, and vascularity of nodules were examined by Phillip
iU22 color Doppler ultrasonic diagnostic apparatus, probe
frequency 5~12 MHz. Preoperative, intraoperative, and
postoperative of thyroid nodules were examined by a twodimensional color Doppler ﬂow, and contrast-enhanced
ultrasonography (CEUS) examination was also performed.
Laboratory data including blood biochemistry analysis,
complete blood count, blood coagulation test, and thyroid
function (thyroid stimulating hormone, triiodothyronine,
thyroxine, free triiodothyronine, and free thyroxine) were
assayed, and electrocardiogram was examined. A multiparametric monitor was connected to the patient showing
continuous blood pressure, oxyhemoglobin saturation, and
electrocardiogram during the procedure.

under the US guidance, a mixture of 2% lidocaine and 0.9%
normal saline was infused into the surrounding thyroid
capsule, a so-called “hydrodissection technique” to provide
a safe barrier to prevent thermal damage to carotid artery
and “danger triangle” where the trachea, esophagus, and
recurrent laryngeal nerve are located [15]. Under the
ultrasound guidance, the disposable microwave antenna
was placed percutaneously into the nodule along its short
axis, then pedal started microwave therapeutic instrument.
During the microwave ablation, a power output of 35 W
was usually used, and the variations in the echoes of the nodule were monitored by real-time ultrasound. The procedure
was conducted in “moving-shot technique” [8]. The extent
of ablation area was presumed by the echogenic change
around the antenna. If the transient hyperechoic zone did
not completely cover the entire nodule at one site, the tip of
the antenna was moved backward. The microwave antenna
was repositioned, and other parts of the nodule were treated
when necessary. The ablation was not stopped until the
transient hyperechoic zone covered the whole nodule.
Before and after ablation, the application of high-frequency
ultrasound on nodule location, size, texture, and with surrounding tissue adjacent relations was performed and
recorded. Before and by the end of procedure, the nodules
were examined by contrast-enhanced ultrasound observation
of ﬁlling defect area. Nonenhancement was shown as a
consequence of coagulative necrosis induced by MWA.
Time consumed for each nodule was recorded, and
mechanical compression for 30 minutes was needed on
the site after the operation, so as to prevent bleeding or
hematoma formation.

2.3. Procedure. With the supine cervical extension, local
anesthesia with 2% lidocaine was performed on the puncture
site. After a small incision(<2 mm in length) was made,

2.4. Assessment and Follow-Up of Preablation and
Postablation. Before ablation and after that of 1, 3, 6, 9, and
12 months, respectively, the patients in both groups returned
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Table 2: Outcomes of the microwave ablation for thyroid nodules.
Baseline

1 month

Nodule volume (ml)
3 months
6 months

9 months

12 months

Cosmetic scores
Before
12 m (after)

Clinical symptoms
Before
12 m (after)

Control 5.34 ± 3.88
—
5.18 ± 3.13 5.64 ± 3.86 6.35 ± 4.82 6.50 ± 4.36a 3.07 ± 0.61 2.92 ± 0.83 4.35 ± 1.27 4.07 ± 1.20
MWA 6.61 ± 4.65 4.03 ± 3.30 2.48 ± 2.27b 1.94 ± 1.73b 1.33 ± 1.45b 0.87 ± 0.99b 2.81 ± 0.71 1.11 ± 0.31b 3.81 ± 1.99 0.96 ± 0.82b
p value
0.229
—
0.001
<0.001
<0.001
<0.001
0.209
<0.001
0.206
<0.001
Mean volumes as mean ± standard deviation. ap < 0 01, variate was compared with baseline in control group. bp < 0 01, variate was compared with baseline in
the MWA group.

to our hospital for a follow-up review. Preoperative and
postoperative thyroid function tests, thyroid globulin
antibody, thyroid peroxidase antibody, and thyroid ultrasonography were performed. Changes in volume, echogenicity,
and intranodular vascularity were all evaluated. Ultrasonography was performed by ﬁxed technologists in the same
ultrasound machine, and three orthogonal diameters of
thyroid nodules were measured. The volume of the nodules was calculated by the following equation: V = πabc/6
(V: volume, a: the largest diameter; b and c: the other two
perpendicular diameters).
The volume reduce rate (VRR) was assessed by a US
imaging and was calculated by the following equation: volume
reduction rate (%) = 100 × (initial volume − ﬁnal volume)/
initial volume. The complications during or after the ablation were also evaluated by the clinical signs and symptoms.
Clinical symptoms were evaluated using the symptom
grading scores (visual analog scale, 0–10 cm), and the cosmetic grading scores (grade 1: no palpable mass; grade 2:
invisible but palpable mass; grade 3: visible mass only by experienced clinician’s eyes; and grade 4: easily visible mass) [16].
2.5. Statistical Analysis. Data analysis was performed with
statistical software (SPSS for Windows version 19.0 SPSS
IBM Corp., New York, NY). Quantitative data were expressed
as mean ± standard deviation (SD), and χ2 test were used to
compare sex and the number of nodule locations. Quantitative data between the two groups were compared by means
of the Mann–Whitney U tests. The follow-up nodule volume
and VRR of the nodule after MWA were compared with
baseline volume by means of the Wilcoxon tests. p < 0 05
was considered statistically signiﬁcant.

3. Results
3.1. Change of Thyroid Nodule Volume after Microwave
Ablation. Ninety nodules were performed procedure in
the MWA group for single-session treatment. The mean
ablation time was 6.97 ± 5.13 minutes. The mean thyroid
nodular volume of the MWA group decreased from
6.61 ± 4.65 ml (range, 1.11~22.6 ml) to 0.87 ± 0.99 ml (range,
0.05 ml~4.34 ml) (p < 0 001) at 1-year follow-up visit. Meanwhile, the mean volume in the control group increased from
5.34 ± 3.88 ml (range, 1.57~14.2 ml) to 6.50 ± 4.36 ml (range,
2.51~16.49 ml) (p < 0 001). When compared with the control
group, the thyroid nodule volume in the MWA group was
signiﬁcantly reduced at 3-, 6-, 9-, and 12-month follow-up
visits (p < 0 001) (Table 2).

After treatment, all nodules in the MWA group
decreased in volume. The VRR in the MWA group was
30.53%, 55.98%, 69.31%, 76.65%, and 84.67% at the 1-, 3-,
6-,9-, and 12-month follow-ups, respectively. The largest
diameter of thyroid nodules decreased from 2.92 ± 0.55 cm
at baseline to 2.27 ± 0.99 cm, 1.82 ± 0.91 cm, 1.81 ± 0.59 cm,
1.58 ± 0.68 cm, and 1.38 ± 0.56 cm at 1-, 3-, 6-, 9-, and
12-month visits (p < 0 001) (Figures 1 and 2, Table 3).
The nodules with VRR > 50% at 6- and 12-month followups were 83.3% and 93.5%. On the other hand, the nodule
volume in the control group got increased as time went by.
The mean volume increased 24.53% at 12-month follow-up.
In the enrolled patients, with the diameter > 2 cm, though
the nodule volume has greatly reduced after the procedure,
no nodules showed complete disappearance at 12-month
follow-up.
3.2. Improvement of the Clinical Symptoms and Cosmetic
Problem. The symptom grading score was signiﬁcantly
reduced from 3.81 ± 1.99 to 0.96 ± 0.82 (p < 0 01) in the
MWA group while it was stable in the control group. The
cosmetic score was also improved in the MWA group from
2.81 ± 0.71 to 1.11 ± 0.31, (p < 0 01), while in the control
group, the grade was unchanged when compared with
baseline (Table 2).
3.3. Relation between VRR, Ablation Time (AT), and Baseline
Thyroid Volume. There was no correlation between VRR
with the index volume. There was a linear positive correlation between the ablation time and baseline volume of the
thyroid nodules, and the correlation coeﬃcient was 0.68
(p < 0 001) (Figure 3).
3.4. Safety Proﬁles. All the patients who received microwave
ablation are well tolerated to the procedure. Ten patients
(13.3%) complained of various degrees of pain at the ablated
site or pain radiating to the ear, shoulder, or teeth. The pain
was totally relieved when the ablation was ﬁnished. No one
needed analgesics. There was no hematoma formation developed. Ten patients (13.3%) that complained transient voice
change due to lidocaine injection recovered within 24
hours after procedure. However, two patients (2.7%) that
encountered voice change recovered within 2 months.
Slight skin burn happened in one case (1.3%). One patient
(1.3%) who suﬀered from Horner syndrome, mainly for
ptosis and pupil shrinks, within 2 months recovered to
normal. There were no serious complications such as
esophageal perforation and tracheal injury.

4
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Figure 1: A 21-year-old female had a solid nodule in the left lobe of her thyroid gland. (a) The transverse of US examination showed a mainly
solid nodule (arrow) which caused cosmetic problem in the superﬁcial layer, and the volume of index nodule was approximately 5.40 ml
(2.72 × 1.56 × 2.43 cm). (b) The long axis of index nodule. (c) At 1-month follow-up, US examination showed a little reduction in volume,
and the volume was approximately 4.79 ml. (d) Three months after microwave ablation, the volume of the nodule signiﬁcantly decreased
to 3.75 ml. (e) Six months after the procedure, the index nodule shrunk to a volume of 0.96 ml. (f) At 1-year follow-up, the volume of the
nodule greatly decreased to 0.08 ml, the VRR was 98.51%, and cosmetic grade signiﬁcantly improved.
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Figure 2: Comparison of the mean volume reduction rate (VRR) of the nodules at baseline (time of microwave ablation) and at
follow-up after treatment. The VRR at 3-, 6-, 9-, and 12-month follow-ups was 55.98%, 69.31%, 76.65%, and 84.67% in the
MWA group, respectively, while the VRR at 3-, 6-, 9-, and 12-month follow-up in the control group was 2.07%, −13.03%, −16.67%,
and −24.53%, respectively.
Table 3: The changes in volume and diameter before MWA and at each follow-up.

Largest diameter (cm)
Volume (ml)
VRR (%)

Baseline

1 month

3 months

6 months

9 months

12 months

2.92 ± 0.55
6.61 ± 4.65
—

2.27 ± 0.99c
4.03 ± 3.30
30.53 ± 38.94

1.82 ± 0.91c
2.48 ± 2.27d
55.98 ± 25.59

1.81 ± 0.59c
1.94 ± 1.73d
69.31 ± 22.03

1.58 ± 0.68c
1.33 ± 1.45d
76.65 ± 20.45

1.38 ± 0.56c
0.87 ± 0.99d
84.67 ± 17.37

Variates shown as mean ± standard deviation. cp < 0 01, nodule largest diameter was compared with baseline in the MWA group. dp < 0 01, nodule volume was
compared with baseline volume in the MWA group.
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Figure 3: Positive correlation between ablation time and index nodule volume. Y = 0 011x + 2 12; r2 = 0.472; p < 0 001.

4. Discussion
Thyroid nodules are very common disease. Most thyroid
nodules are benign and asymptomatic, which do not need
any treatment [17]. However, US-guided thermal ablation

treatment may be considered for solid or mixed symptomatic
benign nodules [18]. The value of current study is comparing
the eﬃcacy of the MWA with control groups. It demonstrated that MWA was an eﬀective modality in decreasing
volumes of benign thyroid nodules, as well as improving
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cosmetic grading scores and clinical symptoms. The comparison with the group of similar patients who were not
treated indicated that the results were not due to spontaneous nodule change.
Microwave ablation is a minimally invasive technique to
treat hepatic tumors that has been proven reliable, eﬃcient,
and safe [5, 19]. We conducted MWA for the treatment of
benign thyroid nodules, and the eﬃcacy is showed with a
year of follow-up for these patients after the procedure. The
nodule volume gradually reduced after MWA. According to
the baseline, it can get nearly 85% of the volume reduction
and greatly improve the clinical symptoms and cosmetic
grading. Meanwhile, the side eﬀects are mild. The thyroid
nodules did not disappear after microwave ablation. However, it seemed to need a period of time for degradation by
the immune system in the ablation area. The VRR at 3-, 6-,
9-, and 12-month follow-ups was 55.98%, 69.31%, 76.65%,
and 84.67%, respectively. It proved to shrink in nodule
volume signiﬁcantly. Though microwave ablation will not
lead to excessive destruction of thyroid, the thyroid hormones will not be aﬀected [20].
The results among patients undergoing MWA in this
study were superior to those among patients acting as
control. It revealed that MWA signiﬁcantly decreased TN
volume in comparison with untreated patients who did experience TN size increase. The magnitude of volume reduction
in this study is similar to studies conducted by RFA and other
MWA studies [6, 8, 21], though there is no head-to-head
studies which thermal modality is superior. Electromagnetic
microwaves agitate water molecules in the surrounding
tissue, producing friction and heat, thus inducing cellular
death via coagulation necrosis. Microwave ablation of tumor
center of the highest temperature can reach 100–120°C, not
only can quickly kill tumor cells but also can solidify the
surrounding blood vessels, and reduce the blood supply to
the tissue [22].
Procedure-related major complications including recurrent laryngeal nerve paralysis and Horner syndrome
occurred in two and one cases, respectively. Since the recurrent laryngeal nerve was close to the treated nodule when it
was located in the danger triangle, we believe it was a
technical error caused by directing the thermal energy too
close to this region [23]. Horner syndrome, presenting as a
combination of ptosis, miosis, and anhidrosis of the face,
could be caused by thermal injury to the middle cervical
sympathetic ganglion (mCSG) [24]. The mCSG is usually
located at the lower level of thyroid gland, being lateral to
the common carotid artery, and is visible in 41% of US
images [25]. Under such circumstance, moving shot technique or incomplete ablation may be considered [19]. Ten
patients (13.3%) complained of transient cervical pain related
to the procedure. Ten patients (13.3%) encountered transient
voice change due to lidocaine injection. Both were regarded
as minor complications [26]. One patient experienced slight
skin burn due to thermal eﬀect as the nodule was very superﬁcial. Some preventive measure was needed to be performed.
The hydrodissection technique made by saline injection
to the subcutaneous tissue was used, or cooling with the
ice-box at the ablated site was applied.
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This study has some limitations and shortcomings.
Firstly, the major complication rate is a little higher than
previous studies [20, 24, 27]. It seemed that the hydrodissection technique was not perfect. The injected ﬂuid usually
disappeared within some minutes; therefore, repeated ﬂuid
injection is necessary during the procedure. Moreover, lateral
approach can increase recurrent laryngeal nerve injury when
it is close to the nodules in the danger triangle. In addition,
MWA has a much larger area of active heating compared
with RFA [28]. Secondly, the enrolled nodules, with the
largest diameter > 2 cm, have greatly reduced in nodule
volume after the procedure; however, the treated nodules
were smaller than 10 ml. Therefore, the volume reduction
may be overestimated. No nodules showed complete disappearance at 12-month follow-up. It seemed that there
is still not enough time for the degradation of the ablated
tissues. Longer follow-up should be necessary for observation. Lastly, the study sample size is small and the study
was conducted retrospectively.
In conclusion, MWA is an eﬀective modality in
decreasing volumes of benign thyroid nodules, as well as
improving cosmetic grading and clinical symptoms, compared with the control group. However, prospective study
with large-scale and long-term follow-up is necessary to
be developed.
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