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Abstract
Purpose To evaluate the safety and efficacy of ultrasound-guided low-power microwave ablation (MWA) for the treatment
of papillary thyroid microcarcinoma (PTMC) with a 3-year follow-up.
Methods A total of 21 nodules diagnosed as PTMC from the 15 patients were performed with MWA at a power of 20 W.
The images of the nodules were recorded by ultrasound before MWA and 1, 3, 6, 12 months after MWA, and every 6 months
thereafter, respectively. The volumes of the nodules were compared before MWA and at each follow-up point after MWA.
The volume reduction rate (VRR) of nodules was also calculated.
Results The mean volume of the nodules was 134.3 ± 129.8 mm3 initially (the range was 7.4–423.8 mm3), which decreased
significantly to 2.3 ± 10.5 mm3 (the range was 0–48.1 mm3) of the ablation area (P = 0.000) at the follow-up point of
36 months with a mean VRR as 98.78 ± 5.61% (the range was 74.28–100%). During the follow-up period (the range was
36–48 months), 20 of the 21 nodules were completely absorbed and no recurrent nodule was found.
Conclusions After a long-term follow-up of 3 years, the low power MWA showed a good safety and efficacy for the treatment of PTMC. In addition to surgery and active surveillance, MWA might be another alternative for patients with PTMC.
Keywords Thermal ablation · Microwave · Ultrasound · Thyroid · Papillary carcinoma

Introduction
In recent decades, with the increasing incidence of papillary thyroid microcarcinoma (PTMC) (Brito et al. 2013; Lim
et al. 2017; Liu et al. 2017a), surgery has been recommended
as the first-line treatment for PTMC (Gharib et al. 2016;
Haugen et al. 2016). However, due to the low mortality and
long survival time after surgery (Lim et al. 2017), researchers and PTMC patients are more focused on other aspects
such as post-operative complications, quality of life and
cosmetic effects. Currently, many researchers tend for the
method of active surveillance (Griffin et al. 2017; Haugen
et al. 2016; Ito et al. 2016, 2017), but the criteria of which is
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relatively strict and some patients are still needed for surgery
in future (Haser et al. 2016; Shaha and Tuttle 2017; Tuttle
et al. 2017). Moreover, it is a terrible experience for some
patients to live with a cancer, which is also a concern for
many researches. To solve this question, microwave ablation
(MWA), a less invasive technique, may be a potential choice.
MWA has been proved to be a safe and effective technology for the treatment of liver carcinoma and renal cancer, which can be used as an alternative of surgery (Li et al.
2013, 2015; Qu et al. 2013; Yu et al. 2014). In benign thyroid nodules, multiple researches have performed percutaneous ultrasound-guided MWA with different power (Cheng
et al. 2017; Feng et al. 2012; Korkusuz et al. 2016a, b, c; Liu
et al. 2017b; Wu et al. 2017; Yue et al. 2013), the performance of which is good no matter the power is 20 W (Feng
et al. 2012) or higher. Moreover, one research revealed that
MWA with a high power of 40 W still had good results for
the treatment of PTMC after a short-term follow-up (Yue
et al. 2014). However, the long-term efficacy of low power
MWA for primary PTMC treatment was still unknown.
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In the present study, we evaluated the safety and efficacy
of ultrasound-guided low power MWA for the treatment of
primary PTMC with a 3-year follow-up.

Materials and methods
Study oversight
The study was approved by the ethics committee of our hospital. All the patients were confirmed as PTMC by fine needle aspiration (FNA) or core needle biopsy (CNB). Informed
consents of the patients were obtained before MWA in which
the patients were fully advised that surgery was the first-line
treatment for PTMC and MWA could not avoid the potential risks of recurrence, cervical lymph node metastasis and
distant metastasis.
The first author completed the first draft. All the authors
completed the subsequent drafts and then made the decision
to submit. Each author provided a guarantee for the accuracy, integrity and reliability of the data and analysis. There
was no commercial support for the study.

Patients
Inclusion criteria of our study: (1) the nodules were confirmed as papillary thyroid carcinoma (PTC) by FNA or
CNB; (2) the largest diameter of a nodule was not more than
10 mm; (3) the nodules did not invade the tissues around
thyroid; (4) no cervical lymph nodes metastasis or distant
metastasis was found; (5) patients who were unsuitable for
surgery or rejected surgical treatment clearly. Exclusion
criteria of our study: (1) other kinds of thyroid cancer; (2)
the largest diameter of a nodule was more than 10 mm; (3)
nodules invaded the tissues outside thyroid; (4) serious organ
failure; (5) pregnant women; (6) cervical lymph node metastasis or distant metastasis was found; (7) patients with severe
bleeding tendency.
Totally, 15 patients (including 9 females and 6 males; the
mean age was 48.0 ± 8.8 years; the range was 27–59 years)
with 21 tumors were recruited in our study from June 2013
to June 2014. The characters of tumors were shown in
Table 1.

Microwave ablation system
A microwave ablation instrument (ECO-100A1; YIGAO
Microwave System Engineering Co.Ltd, Nanjing, Jiangsu
Province, China) was applied to control the microwave
energy. Cooled needle antennas designed for superficial organs were also used in our study, which were 16 G
(1.6 mm in diameter) and had a 10 cm shaft. There was a
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radiating segment to emit energy and it was about 3 mm
away from the shaft tip.

Ultrasound (US) system
Siemens Acuson S2000 (Siemens Mountainview, USA) with
a 9L4 linear array transducer or Mylab Twice ultrasound
unit (Esaote, Italy) with a LA523 linear probe was used for
guiding the MWA process and image collection.

Pre‑ablation assessment
All the nodules were evaluated by ultrasound examination
(US) and the size, volume, location, calcifications, and vascularity of the nodules were recorded. The volume was calculated with the formula of V = 𝜋abc∕6. All the ultrasound
images before and after MWA were collected by an experienced ultrasound doctor (Wang Hui, with an over 25-year
experience in ultrasound diagnosis). Before MWA, the paths
of puncture and ablation procedure were designed according
to the location, size and neighbor of the nodules.

MWA procedure
All the procedures were performed by Dr. Teng Dengke
with a 5-year experience of ablation under the guidance of
ultrasound. Patients were placed in the supine position and
their necks were extended. 1% lidocaine was used for local
anesthesia, after which a 16-G short needle was used for skin
puncture. When the needle was pulled out, a tunnel appeared
soon, through which the antenna was then placed into the
thyroid nodule by ultrasonic guidance. Then a moving-shot
technique (Jeong et al. 2008; Shin et al. 2013) was used and
the output power was 20 W. Because all the nodules were
small (≤ 10 mm), the center of the nodules was first ablated,
followed by the tissues around the nodules. We enlarged the
ablation area of more than 5 mm of the nodules as possible
as we can (Jiao et al. 2010). For some nodules close to vital
organs, including carotid artery, trachea, esophagus or recurrent laryngeal nerve, we injected normal saline around thyroid to protect them from burning. A conventional US and
contrast US were performed immediately after the MWA
procedure to evaluate the ablation area and to make sure
that there was no active bleeding. The size and volume of
the area were also recorded.

Follow‑up
At 1, 3, 6 and 12 months after MWA and every 6 months
thereafter, the US was performed carefully to evaluate the thyroid and cervical lymph nodes. The size, volume and blood flow of the ablation area were also evaluated and recorded. In some cases, after the ablation area
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Table 1  Clinical characters and outcomes of papillary thyroid carcinoma by microwave ablation (MWA)
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was absorbed, a “black line” would appear in the thyroid
(Fig. 1h), the volume of which cannot be calculated. Therefore, these nodules were considered as completely absorbed
nodules. The volume reduction rate (VRR) of nodules was
calculated as follows: VVR (%) = ([initial volume − final
volume] × 100%)/initial volume. At every follow-up except
1 month, the volume of ablated nodules would be compared
with that of the last follow-up. Because every nodule was
performed with an enlarged ablation, the volume of ablated
nodule at the first follow-up of 1 month could be much larger
than that of before. So the comparison was performed from
the second follow-up of 3 months. If the volume of a nodule
was smaller than or as same as that of the last follow-up, the

Fig. 1  A 42-year-old man (patient 3) had a papillary thyroid microcarcinoma (PTMC) in the left thyroid lobe. The nodule’s ultrasonogram images before microwave ablation (MWA) are here,
and the follow-up images after MWA until the nodule completely
absorbed are also presented. a Before MWA, a hypoechoic nodule with 10.0 mm × 6.2 mm × 9.9 mm in size and 319.2 mm3 in
volume was found in the left lobe (arrow). b The blood flow signal of the nodule was plenty in the color Doppler flow imaging. c The CEUS was performed immediately after MWA; the
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nodule would not be intervened. If the volume was larger
than that of the last follow-up, FNA would be performed to
check if the tumor had not been destroyed by MWA. A CT
or US examination was performed every 6 months to exclude
distant metastasis. Meanwhile, before and 1 month after
MWA, a thyroid function test was performed. After 1 month,
it was suggested that all patients should use levothyroxine to
control the level of thyrotropin lower than 0.1 mU/L.

Statistical analysis
SPSS 22.0 was used for all the statistical analysis. Continuous data such as age, size, volume, VRR were represented

ablation area was 41.7 mm × 15.1 mm × 22.7 mm in size and
7432.6 mm3 in volume. d 1 month after MWA, the ablation area
was 38.7 mm × 13.1 mm × 16.5 mm and 4349.8 mm3. e 3 months
after MWA, the ablation area was 32.1 mm × 11.8 mm × 19.3 mm
and 3801.4 mm3. f 6 months after MWA, the ablation area was
19.7 mm × 8.2 mm × 9.0 mm and 756.0 mm3. g 12 months after
MWA, the ablation area was 9.4 mm × 3.3 mm × 5.4 mm and
87.1 mm3. h 18 months after MWA, the ablation area was completely
absorbed and a “black line” was left in the thyroid (arrow)
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as mean ± SD (the range). Paired t test was performed to
compare the changes of nodules volume before MWA and
at each follow-up point after the procedure. P < 0.05 was
considered statistically significant.

Results
Clinical characteristics
The clinical characteristics and the outcome after microwave
ablation (MWA) treatment are shown in Table 1. A total of
15 patients (including 6 males and 9 females) with 21 nodules were included in this study. The mean age of them was
48.0 ± 8.8 years (the range was 27–59 years). Among the 15
patients, 12 patients had a single nodule and the remaining 3
patients had three nodules in bilateral thyroid gland. Before
MWA, all of the 21 nodules were diagnosed by FNA or CNB
as PTMC.12 nodules were located in the right, while the
other 9 nodules were located in the left. The mean longitudinal diameter, antero-posterior diameter and transverse
diameter of these nodules was 5.8 ± 2.5 mm (the range was
2.3–10.0 mm), 5.7 ± 1.8 mm (the range was 2.5–8.5 mm)
and 5.7 ± 2.6 mm (the range was 1.3–10.0 mm), respectively.
The mean volume of the nodules was 134.3 ± 129.8 mm3
(the range was 7.4–423.8 mm3). Four nodules had calcification, one of which was macro-calcification and the other
three were micro-calcification. Before and 1 month after
MWA, results of the thyroid function were normal in all
patients.

MWA procedure
In MWA procedure, all the nodules were ablated with
a power of 20 W. The mean ablation time and energy
were 234.3 ± 168.3 s (the range was 92–808 s) and

4686.0 ± 3365.5J (the range was 1840–16,160 J),
respectively.

Complications
All the patients were well tolerable to local anesthesia during the process of MWA. 5 patients had a burning sensation
and three patients suffered toothache during the working of
electrodes, all of which disappeared soon after turning off.
1 patient had transient hoarseness and recovered in 10 min.
No skin burn injury and infection, and no symptoms of parathyroid injury were found. Moreover, none of the patients
used pain-killers during and after MWA.

Follow‑up
After MWA, all the patients were followed up for at least
36 months with the longest follow-up period as 48 months.
The mean volume and reduction rate of the nodules after
MWA at each follow-up point are shown in Table 2. As
we adopted a much larger ablation area to cover the nodules, the mean volume of the ablation area at 1 month was
1694.8 ± 2227.6 mm3 (the range was 131.1–10,088.3 mm3),
which was significantly larger than that before ablation
(P = 0.004). However, the mean volume of the nodules was
134.3 ± 129.8 mm3 (the range was 7.4–423.8 mm3), which
decreased significantly to 2.3 ± 10.5 mm3 (the range was
0–48.1 mm3) of the ablation area (P = 0.000) by a 36-month
follow-up with a mean VRR as 98.78 ± 5.61% (the range
was 74.28–100%). The changes of mean volume and VRR
at each follow-up point after MWA were shown in Figs. 2
and 3. Because the volume of each ablated nodule at every
follow-up except 1month was not larger than that of the last
follow-up, no FNA after MWA was performed repeatedly.
In our study, 20 of 21 nodules were completely absorbed
(the range was 3–36 months) (Fig. 1) except for a nodule from

Table 2  The mean volume and reduction rate of the nodules after MWA
Time

Before MWA
Immediately after MWA
1 month later
3 months later
6 months later
12 months later
18 months later
24 months later
30 months later
36 months later

Volume of ablation area ( mm3)

Volume reduction rate (%)

Mean volume

Range

Mean reduction rate

Range

P value (vs.
volume before
MWA)

174.0 ± 259.1
3099.4 ± 3004.5
1694.8 ± 2227.6
793.2 ± 970.0
199.3 ± 245.6
47.0 ± 87.2
3.9 ± 12.9
5.0 ± 13.7
3.2 ± 11.3
2.3 ± 10.5

7.4–1170.6
369.8–12543.7
130.1–10088.3
0–3801.4
0–756.0
0–347.7
0–52.3
0–51.4
0–49.2
0–48.1

–
–
− 2483.56 ± 3804.43
− 756.03 ± 1070.46
− 62.06 ± 215.61
76.69 ± 52.48
97.87 ± 7.85
97.26 ± 7.84
98.47 ± 5.82
98.78 ± 5.61

–
–
− 14,178.95 to 18.51
− 3629.78 to 100.00
− 670.89 to 100.00
− 135.68 to 100.00
64.84 to 100.00
72.49 to 100.00
73.68 to 100.00
74.2 to 100.00

–
0.000
0.004
0.004
0.137
0.000
0.000
0.000
0.000
0.000
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Fig. 2  The changes of volume
and reduction rate after MWA at
each follow-up point

Fig. 3  The reduction rate after
MWA at each follow-up point

patient no. 10. A part of the patient’s nodule was macro-calcification, the area of which was not absorbed. The VRR of the
nodule was 74.28% at the last follow-up point (36 months).
The nine nodules from three patients, with three nodules of
each patient in bilateral thyroid gland, disappeared completely
from 3 to 15 months (Fig. 4).
During the follow-up period, no recurrent nodules and cervical lymph node metastasis were found by US, and no distant
metastasis was found by CT or US.
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Discussion
Our study indicated that a low power MWA in the treatment of PTMC could be safe and effective through a longterm follow-up. For other techniques of thermal ablation,
such as radiofrequency and laser ablation, some researches
focused on PTMC treatment (Gambelunghe et al. 2013;
Kim et al. 2016; Lim et al. 2013; Papini et al. 2013, 2014;

Journal of Cancer Research and Clinical Oncology

Fig. 4  A 52-year-old woman (patient 14) had three nodules which
had been diagnosed as thyroid papillary carcinoma. Two of the
nodules were located in the left lobe. The changes of the two nodules before and after MWA were shown here. a Before MWA, two
hypoechoic nodules with 22.6 and 11.4 mm3 in volume, respectively, were shown in the left lobe (arrow). b 1 month after MWA,

the ablation areas of the two nodules were 881.9 and 314.4 mm3 in
volume, respectively. c 3 months after MWA, the ablation areas of the
two nodules were 166.6 and 58.1 mm3. d 6 months after MWA, the
ablation areas were 72.1 and 21.2 mm3. e 12 months after MWA, the
ablation areas of the two nodules completely disappeared

Valcavi et al. 2010; Zhang et al. 2016) and some of them
performed follow-up for a long time (Gambelunghe et al.
2013; Lim et al. 2013; Papini et al. 2014; Valcavi et al.
2010). However, there was no long-term follow-up study
on the effect of MWA in PTMC patients. Moreover, previous studies of MWA in PTC treatment used a high power
of 40 W (Yue et al. 2013, 2015), and some researches even
used a higher power of 60 W for benign thyroid nodules
(Cheng et al. 2017; Korkusuz et al. 2016c). Although a
low power MWA was used in some researches on benign
thyroid nodules (Feng et al. 2012; Wang et al. 2017), its
efficacy in PTMC treatment was still unevaluated. A recent
study of RFA in PTMC treatment (Zhang et al. 2016)
included some patients with multifocal PTMC; however,
we still did not know the efficacy of MWA in multifocal
PTMC treatment.
In the current study, we found a good performance of the
long-term efficacy of MWA in PTMC treatment. All the 21
nodules of the 15 patients were successfully treated with no
occurrence of severe complications. After MWA, 20 of the
21 nodules were completely absorbed at the final follow-up
point. Moreover, no recurrent nodule was found in all the 15
patients through a 3-year follow-up.
Our study showed that a low power of 20 W was effective
in PTMC treatment and the VRR (98.78%) was higher than
Yue’s study (90%) (Yue et al. 2013), which might be attributable to a lower power. The power of 20 W could make the
process of tumor coagulative necrosis more moderate, which

meant there would be less “over burns” in the ablation area,
eventually leading to the results of the ablation area being
absorbed much easier. At the same time, a longer follow-up
period of our study might be another possible reason.
Our finding indicated that multifocal PTMC could be
treated successfully through MWA. The study also included
three patients with three nodules in each (totally nine nodules) and results showed that all the nodules were well
absorbed after MWA. But the following two points should
be paid attention to in the process of multifocal PTMC: (1)
a very careful US examination must be performed to avoid
small lesions that had been missed before MWA; (2) smaller
nodules should be treated first in MWA because a hyperecho
followed by MWA in the ablation area might make it difficult
to find small nodules in US.
Only one nodule with a part of macro-calcification was
not absorbed completely, whose VRR was 74.28%, whereas
the other three nodules with microcalcification were completely absorbed. The related results indicated that microcalcification might not affect absorption but macro-calcification
could not be absorbed completely after MWA.
There were some strengths in our study, including:
(1) compared with the method of making a 1–2 mm skin
incision before putting the antenna into thyroid in other
researches (Korkusuz et al. 2016a, b, c; Yue et al. 2015), we
applied a 16G short needle for skin puncture and making
a tunnel, which could not only put the antenna in thyroid
smoothly, but also had less injury; (2) it seemed that MWA
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had little short-term influence on thyroid function, which
was normal in all the patients 1 month after MWA. The following phenomenon might be a reason that as the ablation
area was absorbed, we found that normal thyroid tissue was
extended and replaced the ablation area. However, patients
in our study used levothyroxine to control the thyrotropin
level, so the further influence on thyroid function after MWA
cannot be evaluated.
However, there were also some limitations in this study.
First, only 15 patients with 21 nodules were recruited here.
Second, the study was only a single instruction research.
Therefore, some multi-center random researches with larger
sample sizes are needed in future.

Conclusions
After a 3-year follow-up, the method of low power MWA
showed a good safety and efficacy in treating patients with
PTMC and could be another choice for these patients besides
surgery and active monitoring.
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