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Abstract
Purpose To assess the safety and efficacy of microwave ablation (MWA) for primary papillary thyroid microcarcinoma
(PTMC) with a large sample of 185 patients.
Methods A total of 185 patients underwent MWA for 206 primary PTMC nodules. They received ultrasound follow-up at 1,
3, 6, and 12 months after MWA and every 6 months thereafter. Nodule volumes were calculated at each follow-up and
compared with those before MWA. Additionally, the volume reduction rate (VRR) of the nodules was calculated. Patients’
thyroid functions were tested before and 1 month after MWA.
Results The mean follow-up time of the 185 patients was 20.7 ± 8.8 months (range 12–36 months). During the follow-up
period, the mean volume of the 206 nodules was 100.1 ± 92.9 mm3 (range 3.6–423.9) before MWA, which decreased to
2.2 ± 5.6 mm3 (range 0–20.3 mm3) after MWA (P= 0.000). The mean VRR of the nodules was 98.65 ± 3.60% after MWA
(range 83.85–100%). One hundred and seventy four of 206 nodules (84.5%) were fully absorbed. Compared with the
preoperative results, no significant variation in thyroid function was observed 1 month after MWA. Thirty-eight patients
(20.5%) had different types of complications, ranging from minor to major. Five patients (2.7%) had hoarseness, 11 patients
(5.9%) had bleeding, 21 patients (11.4%) had earache or toothache, and one patient had another lesion 1 month after MWA.
Conclusions This preliminary study suggests that MWA is safe and effective in the treatment of primary PTMC and offers a
new alternative for clinical treatment.
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Introduction

Papillary thyroid microcarcinoma (PTMC) is a main cause
of the high incidence of thyroid carcinoma in recent years
[1–3]. Due to the trauma of surgery and possible compli-
cations, e.g., permanent damage to thyroid function, a
growing number of researchers are opposed to surgery and
support observation for the treatment of PTMC [4–7].

However, many patients diagnosed with PTMC remain
uneasy because observation does not effectively treat the
disease. Therefore, a method that is minimally invasive and
effective in protecting thyroid function is urgently needed to
treat these patients.

As a minimally invasive method, microwave ablation
(MWA) has not only been successfully applied in other
lesions, e.g., liver, kidney, lung, and breast [8–11], but has
also achieved excellent results in treating benign thyroid
tumors [12–15]. Recently, some scholars have employed
MWA to treat PTMC [16–18]. However, these studies have
small sample sizes, and to the best of our knowledge, there
has been no large-scale study of MWA in the treatment of
PTMC.

The aim of this study was to assess the safety and effi-
cacy of a large sample of patients with PTMC treated by
MWA.
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Materials and methods

Study oversight

This retrospective study was approved by the Ethics Com-
mittee. Before MWA, all patients signed informed consent.
Additionally, they understood that MWA was not the first-
line treatment in current evidence and that recurrence or
cervical metastasis could not be thoroughly avoided. All
nodules were diagnosed as PTMC by fine-needle aspiration
(FNA) or core needle biopsy (CNB).

Patients

The inclusion criteria were as follows: (1) patients diag-
nosed with papillary thyroid carcinoma by FNA or CNB;
(2) maximum diameter of the lesion was less than 10 mm;
(3) no cervical lymph node metastasis was found; and (4)
patients were reluctant to undergo surgery or could not bear
surgery.

The exclusion criteria were as follows: (1) cervical lymph
node metastasis or distant metastasis; (2) pregnant women; (3)
severe coagulation dysfunction; (4) severe cardiopulmonary
abnormalities; or (5) other malignant diseases.

From January 2015 to June 2017, 4789 patients were
diagnosed with PTMC in our hospital. Among them, 189
patients with 210 nodules were treated with MWA, four of
these patients with four lesions were lost to follow-up, and
the remaining 185 patients with 206 lesions were included
here. The mean follow-up time of the 185 patients was
20.7 ± 8.8 months (range 12–36 months). Among the
recruited patients, there were 41 lesions in 40 male
patients and 165 lesions in 145 female patients. The
average age of the recruited patients was 42.2 ± 11.7 years
(range 17–72 years).

Equipment

The Siemens Acuson S2000 (Siemens Mountainview,
USA), Esaote MyLab Twice (Esaote, Italy) and Mindray
Resona 7 (MINDRAY, Shenzhen, China) ultrasound diag-
nostic instruments were employed for ultrasonic image
acquisition and MWA guidance. Line array probes for
detecting superficial organs were also applied here. An Ego
ECO-100A1 machine (YIGAO Microwave System Engi-
neering Co Ltd., Nanjing, Jiangsu Province, China) and
ECO-100AI3 superficial organ ablation needle were applied
here, which is consistent with our previous study [17].

Procedure before MWA

Image acquisition consisted of observing and recording the
size, location, neighboring structures, composition, echo,

edge, aspect ratio, and calcification. All images were col-
lected by a senior doctor (with over 20 years of experience
in thyroid ultrasound examination). The level of thyroid
function was tested. The volume of the nodules was cal-
culated using the following formula: V= πabc/6 (V:
volume, a: the largest diameter, b and c: the other two
perpendicular diameters).

MWA procedure

The patient was placed in a supine position to fully expose
the neck. Lidocaine 1% was applied for local anesthesia.
After using “Teng’s needle puncture method” [19] for
puncturing the skin, the ablation electrode was implanted
into the thyroid lesion, and the ablation was initiated at an
output power of 20W. For lesions in a dangerous location,
normal saline served as the spacer fluid to separate the
normal tissues from the lesions. The spacer fluid should be
fully capable of preventing damage to the surrounding
important organs or tissues. During the ablation process, if
the spacer fluid was absorbed, it was replenished. Fixed
ablation and moving-shot techniques [20] were employed
during ablation. The ablation range was 5 mm beyond the
lesions if it is possible. After ablation, contrast-enhanced
ultrasonography (CEUS) was performed immediately. If the
ablation range was not satisfactory, ablation was continued;
if the ablation range was satisfactory, ablation was com-
plete. A thyroid function test was required before MWA.
During MWA, ECG, blood pressure, and blood oxygen
were monitored. The presence of bleeding, hoarseness, and
skin burns were noted during and after MWA.

Follow-up

Precise ultrasound examination was performed at 1, 3, 6,
and 12 months after MWA and every 6 months thereafter.
The size and volume reductions of the ablation area and
cervical lymph nodes were observed and recorded. The
volume reduction rate (VRR) of the lesion was calculated
by VRR (%)= ([initial volume–final volume] × 100%)/
initial volume. The thyroid function was retested at 1 month
after MWA, and levothyroxine sodium was administered in
accordance with the TSH level to maintain the TSH level
under 0.1 mIU/L.

Statistical analysis

SPSS 22.0 was applied for statistical analysis. The size of
the lesions and age of the patients are described by the
mean ± SD. To compare the changes in nodule volume and
thyroid function before and after the MWA, paired t-tests
were performed. The difference was considered statistically
significant at P < 0.05.
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Results

Clinical characteristics

A total of 206 lesions in 185 patients underwent MWA.
The outcomes of MWA treatment are listed in Table 1.
These 185 patients included 40 males and 145 females. The
average age was 42.2 ± 11.7 years (range 17–72 years).
Among them, 167 patients had one lesion, 15 had two
lesions, and three had three lesions, and all the lesions were
confirmed as papillary thyroid carcinoma by pathology.
There were 110 lesions on the right side and 96 lesions on
the left side. The mean maximum diameter of the lesions
was 5.3 ± 1.91 mm (range 2.1–9.9 mm), and the mean
volume of the lesions was 100.1 ± 92.9 mm3 (range
3.6–423.9 mm3).

MWA procedure

During the operation, 182 of 185 patients (98.4%) under-
went local anesthesia with good tolerance, and no other
analgesic drugs were employed after surgery. The other
three patients (1.6%) were converted to general anesthesia;
two could not bear surgical pain, and the other one had a
vagus nerve reflex.

Follow-up

The mean follow-up time of the 185 patients was 20.7 ±
8.8 months (range 12–36 months). Twenty-six patients
with 28 lesions received a 36-month follow-up. Fifty
patients with 58 lesions were followed up for 30 months. A
total of 78 patients with 91 lesions received a 24-month
follow-up. A total of 113 patients with 129 lesions were
followed up for 18 months. A total of 185 patients with 206
lesions received a 12-month follow-up. The mean volume
of the lesions before MWA was 100.1 ± 92.9 mm3 (range
3.6–423.9 mm3). The mean volumes of the nodules at 1, 3,
6, 12, 18, 24, 30, and 36 months after MWA were 1014.4 ±
756.3 mm3 (range 25.2–3350.2 mm3), 369.9 ± 375.1 mm3

(range 0–1992.2 mm3), 119.9 ± 173.2 mm3 (range
0–1000.9 mm3), 36.6 ± 75.1 mm3 (range 0–476.6 mm3),
13.8 ± 39.7 mm3 (range 0–230.7 mm3), 6.6 ± 18.2 mm3

(range 0–112.0 mm3), 3.2 ± 9.0 mm3 (range 0–57.4 mm3)
and 2.2 ± 5.6 mm3 (range 0–20.3 mm3), respectively. Due
to the expanded lesions during the ablation, the volume of
the nodules increased at 1 month after MWA compared
with that before MWA. As the follow-up time was pro-
longed, the volume of the nodules decreased gradually.
Compared with the volume of the nodules before the pro-
cedure, the volume at 6 months later was similar, and the
volume of the nodules was significantly smaller at
12 months later than before the procedure (P= 0.000)Ta
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(Table 1). The changes in volume before and after MWA
are shown in Fig. 1.

The mean VRR of the nodules at 1, 3, 6, 12, 18, 24, 30,
and 36 months after MWA were −1770.85 ± 2161.54%
(range −47.07 to −17042.68%), −534.58 ± 758.92%
(range −4853.74 to 100%), −92.99 ± 321.79% (range
−1963.91 to 100%), 51.09 ± 96.11% (range −645.15 to
100%), 84.72 ± 45.67% (range −186.81 to 100%), 93.43 ±
18.16% (range −5.45 to 100%), 98.12 ± 6.90% (range
56.04–100%) and 98.65 ± 3.60% (range 83.85–100%),
respectively. The mean VRR of the nodules after MWA is
shown in Fig. 1f.

Of all the nodules, the numbers of completely absorbed
nodules were 17, 68, 124, 165, 172, 173, and 174 at 3, 6,
12, 18, 24, 30, and 36 months after MWA, and the complete
absorption rates were 8.3%, 33.0%, 60.2%, 80.1%, 83.5%,
84.0% and 84.5%, respectively (Fig. 2).

All 185 patients underwent thyroid function examination
before and 1 month after MWA. Before MWA, the average
values of T3, T4, FT3, FT4, and TSH were 2.28 ±

0.53 nmol/L (range 1.36–3.12 nmol/L), 112.1 ± 25.8 nmol/L
(range 70.0–155.8 nmol/L), 4.95 ± 1.12 pmol/L (range
3.12–6.80 pmol/L), 17.2 ± 2.7 pmol/L (range
12.0–22.0 pmol/L) and 2.68 ± 1.29 mU/L (range 0.42 to
4.94 mU/L), respectively. One month after MWA, the mean
values of T3, T4, FT3, FT4, and TSH were 2.24 ±
0.50 nmol/L (range 1.37–3.14 nmol/ L), 113.4 ± 23.7 nmol/
L (range 70.1–155.6 nmol/L), 4.88 ± 1.05 pmol/L (range
3.10–6.77 pmol/L), 16.8 ± 3.0 pmol/L (range 12.0–21.9
pmol/L), and 2.58 ± 1.28 mU/L (range 0.38–4.94 mU/L),
respectively. The P values for the differences between the
preoperative values and those 1 month after MWA were
0.397, 0.619, 0.559, 0.109, and 0.465, respectively. No
significant variation in thyroid function was shown 1 month
after MWA (Table 2).

Complications and recurrence

In this study, 38 patients had complications during or after
MWA (Table 3). Five patients (2.7%) had hoarseness after

Fig. 1 The variation of volumes
and the VRR after microwave
ablation (MWA), a the volumes
of the 206 nodules at 12 months
after MWA; b the volumes of
the 129 nodules at 18 months; c
the volumes of the 91 nodules at
24 months; d the volumes of the
58 nodules at 30 months; e the
volumes of the 28 nodules at
36 months; f mean VRR at the
12th, 18th, 24th, 30th, and 36th
months follow-up
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MWA, and their lesions were in high-risk areas, e.g., near
the trachea and adjacent to the dorsal thyroid gland. Among
these five patients, four recovered over 3 months, and one
recovered 2 days after MWA.

Eleven patients (5.9%) had bleeding during the opera-
tion, and nine of them (4.9%) stopped bleeding after
compression. In addition, the compression time was
<15 min. The other two patients (1.1%) failed to stop
bleeding after compression. Accordingly, MWA was per-
formed on the two patients for hemostasis with 2 min of

ablation at a power of 40W. Subsequently, hemostasis was
confirmed, with over 30 min of observation by ultrasound
and CEUS.

During the operation, 21 patients (11.4%) had earache or
toothache on the same side as the nodules, and the pain was
relieved within 2 h after the treatment.

Fig. 2 A 39-years-old woman
had a nodule diagnosed as
papillary thyroid
microcarcinoma (PTMC) in the
right thyroid lobe. The images of
the nodule in preoperative,
intraoperative, and postoperative
follow-up are given, a before
MWA, a nodule with 5.8 mm ×
6.0 mm × 4.2 mm in size and
76.5 mm3 in volume was found
in the right lobe; b the ablation
electrode was implanted into the
nodule, and the ablation mode
was started at a output power of
20 w; c 1 month after MWA, the
ablation area was 13.4 mm ×
7.2 mm × 11.3 mm in size and
570.6 mm3 in volume; d
3 month after MWA, the
ablation area was 7.4 mm ×
4.0 mm × 5.3 mm and 82.1 mm3;
e 6 months after MWA, the
ablation are was fully absorbed
(arrow)

Table 2 The thyroid function before and one month after MWA

Thyroid
function

Before MWA 1 month later P value

T3 2.28 ± 0.53 nmol/L 2.24 ± 0.50 nmol/L 0.397

T4 112.1 ± 25.8 nmol/L 113.4 ± 23.7 nmol/L 0.619

FT3 4.95 ± 1.12 pmol/L 4.88 ± 1.05 pmol/L 0.559

FT4 17.2 ± 2.7 pmol/L 16.8 ± 3.0 pmol/L 0.109

TSH 2.68 ± 1.29 mU/L 2.58 ± 1.28 mU/L 0.465

Table 3 Intraoperative and postoperative complications

Complications Number of complications (%)

Voice change 5 (2.7)

>1 month 4 (2.2)

<1 month 1 (0.5)

Bleeding 11 (5.9)

Hematoma 2 (1.1)

Hemorrhage 9 (4.9)

Pain 21 (11.4)

Second operation 1 (0.5)

Note: Number in parentheses is percentage of complications of all
patients
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In one patient (0.5%) with one nodule ablated, another
small nodule of 2.1 × 2.4 × 2.1 mm in size was found at the
1-month follow-up. The FNA pathological diagnosis of the
nodule showed papillary thyroid cancer, requiring second-
ary MWA. After secondary ablation, the follow-up of the
two lesions continued for more than 18 months with a VRR
of 100%.

No lymph node metastasis or distant metastases was
found in any of the 185 patients reexamined by CT or US
every 6 months after MWA.

Discussion

In this study, 206 nodules of primary PTMC in 185 patients
were treated with MWA, and these patients received follow-
up for an average of more than 20 months. According to the
preliminary results, MWA was safe and effective for the
treatment of primary PTMC.

Over the years, thermal ablation has shown good per-
formance in treating thyroid disorders. The results of benign
thyroid nodules were outstanding [12–15]. Treatment in
metastatic lymph nodes was encouraging [19, 21, 22]. In
recent years, some studies with the largest sample of 64
nodules have introduced laser ablation for PTMC treatment
and have achieved excellent effectiveness [23–26]. Some
scholars also employed radiofrequency ablation to treat
PTMC [27, 28] and achieved favorable effectiveness,
among which the largest sample size was 89 patients with
92 nodules. For the past few years, some scholars have also
applied MWA to treat PTMC. For instance, Yue et al. [16]
applied 40W high-power microwave to treat 21 nodules
and achieved good effectiveness. In addition, our previous
study [17] employed 20W low-power microwave to treat
21 PTMC nodules in 15 patients. However, these previous
MWA studies were all small samples, and 206 lesions in
185 patients were included here, which has been the largest
cohort thus far.

In the present study, MWA treatment in PTMC achieved
excellent effectiveness after 12–36 months of follow-up,
and the nodules were all significantly shrunk. Among 206
nodules, 174 (84.5%) were fully absorbed. The results here
were similar to those of our previous studies [17] but with a
higher success rate than that of other previous studies [18].
This outcome is probably because we used a lower output
power of 20W and performed a longer follow-up, which
had been discussed in our previous study [17]. Among the
32 cases of incomplete absorption, 27 were followed up for
less than 36 months, which probably led to incomplete
absorption. The other five cases of incompletely absorbed
lesions were followed up for 36 months, and a few residual
lesions remained. Macrocalcification was found in all of the
remaining five lesions at preoperative ultrasonography.

Thus, it is believed that macrocalcification can affect the
absorption after MWA.

No lymph node metastasis or distant metastasis were
found during follow-up in our study. The reason for the
excellent results is considered as follows: on the one hand,
all lesions were expanded to a safe margin of 5 mm around
the lesion at the farthest extent. On the other hand, only the
nodules with clearly diagnosed PTMC were recruited, and
the nodules that FNA or CNB could not identify were
excluded. However, we should note that two nodules with
capsular invasion in two patients were included in this
study. Both were young women, and they refused to
undergo surgery as a cosmetic concern. Although the two
patients had no lymph node metastasis or distant metastasis
during follow-up, we did not recommend this treatment to
patients with capsular invasion as conventional.

This study showed that a low-power MWA of 20W for
PTMC was safe. In Yue’s study [16], four (19%) had major
complications with a power of 40W, while two patients
(4.3%) in Li’s study [18] had major complications with a
power of 30W. In our previous study [17], 15 patients were
treated, and no serious complications were found, which
may be associated with the small sample size and lower
power.

In the current study, five patients (2.7%) with hoarseness
were found out of 185 patients with 206 nodules. Among
them, one patient (0.5%) recovered 1 day after MWA, and the
cause was considered the edema compression after MWA.
Four patients (2.2%) recovered after 3–6 months and were
considered to have recurrent laryngeal nerve heat injury.
Among these patients, the lesions were close to the trachea
and in the posterior thyroid region adjacent to the capsule,
approaching the region where the recurrent laryngeal nerve
traverses. This outcome suggested that when treating thyroid
nodules in this area, it is necessary to use hydrodissection to
protect the nerve. If the ablation time was too long and the
isolation liquid was absorbed, it was important to replenish in
time to avoid recurrent laryngeal nerve injury. Moreover, to
observe the patient’s pronunciation, communication with
patients during the operation is necessary. If hoarseness
occurs, the operation should be stopped immediately. To
reduce the incidence or severity of nerve injury, injecting cold
saline as an isolation solution around the thyroid gland could
be helpful. Finally, choosing the needle path from the isthmus
during ablation also contributed to reducing the damage of the
recurrent laryngeal nerve [20].

Eleven patients (5.9%) had bleeding during MWA; nine
(4.9%) stopped bleeding, and two (1.1%) failed to stop
bleeding with compression. The two patients were suc-
cessfully ablated by MWA for hemostasis. In this study, the
nine patients with compression hemostasis did not form
hematomas in the surrounding tissue due to a short bleeding
time and low volume of bleeding. The other two patients
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who received MWA for hemostasis formed hematomas
around the thyroid gland, and the hematomas absorbed
within one week after ablation. The incidence of hematoma
here was 1.1% (2/185), which was close to the incidence
observed with radiofrequency ablation in a previous study
[29]. On one hand, the cause of bleeding may be associated
with the needle passing through small blood vessels during
the operation, which can be avoided by careful observation
with color Doppler ultrasound during the puncture. On the
other hand, the bleeding may have been caused by swal-
lowing or coughing during the MWA procedure. During the
operation, if a patient needed to swallow or to cough, the
patient gently patted the operating table to remind the sur-
geon that the ablation electrode could be pulled out to a safe
position in time to reduce the occurrence of bleeding in this
situation. Accordingly, it is necessary to fully communicate
with patients before MWA.

Twenty-one patients (11.4%) developed ear pain and
toothache during the operation, and all were relieved within
2 h after ablation. The pain was thought to result from
thyroid parenchymal edema, capsule heat injury or anterior
cervical muscle involvement pain. The degree of pain was
tolerable in most patients. When the lesions were close to
the anterior and lateral thyroid capsule, injection of isolation
fluid around the capsule was helpful to reduce the occur-
rence of this symptom.

A special case (0.5%) was found in the current study. A
patient with one nodule was treated by MWA 1 month prior.
During the follow-up at 1 month after the ablation, another
small lesion with a size of 2.1 × 2.4 × 2.1mm was found on
the same side as the previous nodule. A second MWA pro-
cedure was performed on the patient. After 18 months of
follow-up, both lesions were fully absorbed, and no new
lesions were found. By reviewing the imaging data of the first
ablation procedure, the lesion was not found. Because the
location of the new nodule was far from the previous lesion
during the first ablation and the new nodule was found shortly
thereafter, it was considered that an omission occurred in the
first MWA procedure. Because of the multicenter tendency of
primary PTMC, careful ultrasound examination of the thyroid
is very important before MWA. The gland should be carefully
observed, and FNA should be performed in all suspicious
areas to avoid missing nodules.

This study revealed that local anesthesia was an effective
method for MWA in primary PTMC. Among the 185
patients, 182 were successfully treated with local anesthe-
sia, and it was well tolerated. Only three patients (1.6%)
underwent general anesthesia. Local anesthesia should be
the preferred method of anesthesia in thyroid MWA.
Because patients with local anesthesia can communicate
with the surgeon during the operation, the surgeon can
observe ear pain, toothache, voice changes in time and
reduce the incidence of complications.

The thyroid function of 185 patients was reviewed
1 month after MWA, and there was no significant change
compared with that before MWA. One month after MWA,
levothyroxine sodium tablets were taken to suppress TSH
levels under 0.1 mIU/L to reduce the risk of tumor recur-
rence [16, 30]. Due to the use of levothyroxine sodium
tablets, the follow-up study on thyroid function was not
conducted after 1 month post-MWA.

This study still has some limitations. First, primary
PTMC is a slow-growing disease. Further and longer
observation for local recurrence, lymph node metastasis and
distant metastasis are still required. Although our results
with a short-term follow-up are encouraging, a longer
follow-up of at least 10 years is necessary in further
research. Second, this is only a single center study, and
statistical analysis of more central samples is still required.
Finally, the postoperative thyroid function changes were not
followed up for a long period here. The effects of MWA on
thyroid function still require further study.

Conclusion

This preliminary study suggests that MWA is safe and
effective in the treatment of primary PTMC and offers a
new alternative for clinical therapy.
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