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INTRODUCTION

ABSTRACT

Background: Benign and malignant thyroid nodules (BMTDs) often show lymph-node
metastasis in the neck and impose great physical and psychological burdens.
Therefore, early diagnosis and treatment BMTD are essential. The objective of this
study was to analyze the effectiveness and safety of ultrasound-guided microwave
ablation therapy for BMTDs of different sizes. Materials and Methods: The study
examined 180 patients with solitary BMTD from Shijiazhuang People’s Hospital
between June 2022 and June 2024. Patients with BMTD diameter larger than 1 cm
were assigned to group A (60 patients), and those with diameters of 0.5-1 cm were
assigned to group B (60 patients). Group C comprised those with BMTD diameters
smaller than <0.5 cm (60 patients). All patients were treated with conventional thyroid
ultrasound, ultrasonography, and ultrasound-guided microwave ablation. The primary
assessments were the change in transverse and longitudinal diameters of the thyroid
nodules, volume reduction rate (VRR), and cure rate at months 1, 3, 6, and 9 post-
treatment. The secondary outcomes were quality-of-life scores, incidence of adverse
effects, complications, and recurrence rates. Results: After treatment, all indicators
improved in all groups. Group C had greater improvements in nodule diameter, VRR,
cure rate, cosmetic score, adverse reactions, and complications than group A and
group B. Thyroid biochemical indicators showed greater improvement in groups B and
C than group A (P<0.05). No groups showed any recurrence (P>0.05). Conclusion:
Ultrasound-guided microwave ablation can treat BMTD and is particularly suitable for
solitary thyroid nodules with diameter <0.5 cm, which showed the highest cure rate.

may compress the surrounding tissues. This results in
symptoms such as shortness of breath due to

Thyroid nodules are commonly occurring
confined masses that form in tissues after abnormal
proliferation of thyroid cells. However, the yearly
incidence of thyroid cancer has been rising (1), and
differentiation between benign and malignant
thyroid nodules (BMTDs) is critical. Epidemiological
studies have shown that more than 90% of adult
thyroid nodules are benign, and 5-15% of them show
malignancy (2.

The various types of benign nodules include
nodules that are formed by a simple goiter, which are
often due to iodine deficiency and other causes of
compensatory  thyroid  hyperplasia.  Thyroid
adenomas are common benign tumors that originate
from the follicular epithelium of thyroid gland, and
thyroid cysts are often cystic cavities that contain
fluid ). Most patients with benign nodules have no
obvious symptoms, although some larger nodules

compression of the trachea, as well as dysphagia due
to compression of the esophagus, but the overall
progression is slow (4.

Malignant nodules (i.e, thyroid cancer) are
commonly characterized by papillary carcinoma,
follicular cell carcinoma, undifferentiated carcinoma,
and medullary carcinoma. Papillary carcinoma is the
most common type, although it has a relatively low
degree of malignancy and slow growth.
Undifferentiated carcinoma is highly malignant and
progresses rapidly, with neck lymph node metastasis
and distant metastasis occurring at an early stage.
Those who are affected are prone to symptoms such
as hoarseness and respiratory difficulties in addition
to neck lumps ).

Benign nodule formation is often associated with
conditions such as abnormal iodine intake (iodine
deficiency or excess) and autoimmune thyroiditis ().
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The pathogenesis of malignant nodules is more
complex, but ionizing radiation is a clear risk factor,
and the risk of thyroid cancer is remarkably
increased after receiving a certain dose of radiation
during childhood. Genetic factors play a role in some
thyroid cancers, such as familial medullary
carcinoma, which has a clear genetic
predisposition (7). Improved diagnostic accuracy of
microscopic thyroid cancer maximizes the detection
of early thyroid malignancies, improves the prognosis
thanks to earlier surgery, and reduces excessive
diagnosis and treatment of benign nodules.

Ultrasound-guided microwave ablation is an
emerging minimally invasive treatment method that
is widely employed in treating thyroid nodules (®).
With the help of accurate real-time positioning using
ultrasound, a microwave ablation needle
percutaneously punctures the thyroid nodule, and the
thermal effect of microwaves is used to induce
coagulative necrosis of the nodule tissue as a
minimally invasive treatment (9. The electromagnetic
field generated by the microwaves increases the
movement speed of ions and polar molecules in the
tissue and generates heat through friction. This
increases the local temperature to 60-100°C in a
short period of time, which leads to denaturation of
the cellular proteins and rupture of the cell
membranes. Thus, the tissues undergo necrosis and
are ultimately absorbed by the body (9.

This technique has significant advantages.
Through  precise localization, high-frequency
ultrasound can clearly indicate the location, size, and
morphology of the nodule and its relationship with
the surrounding tissues (11). This information can
guide the precise placement of the ablation needle
with minimal error while effectively avoiding
important structures such as blood vessels and
nerves, which reduces the risk of complications (2.
This method also involves minimal trauma, a
puncture width of only about 3 mm, no need for
sutures, and rapid healing. The aesthetic results are
also excellent, with no obvious scars forming on the
neck, which makes the method suitable for patients
who have stringent aesthetic requirements (13),

Compared with traditional thyroidectomy,
microwave ablation maximizes the preservation of
normal thyroid tissue, maintains thyroid function,
reduces the incidence of  postoperative
hypothyroidism, and eliminates the need for long-
term use of thyroid hormone-replacement
medication for most patients (!4). For benign thyroid
nodules, it can significantly reduce the size of
nodules, effectively relieve compression symptoms,
and improve the quality of life of patients. Some
studies have shown that it is also effective in
controlling tumor progression in cases of
percutaneous transluminal mitral
commissurotomy (PTMC) that meet the indications
(15),

Although the overall safety of this technique is
high, complications may still occur, such as voice
change, local pain, bleeding, and infection.
Nevertheless, the incidence of such complications is
low, and in most cases recovery symptomatic
treatment is possible. The risk of complications can
be reduced further by strictly controlling the
indications and contraindications, standardizing the
operation process, and improving operation
technique (16), The indications include ultrasound
suggestive of a single nodule, diameter <1 cm, a
nodule distance >2 mm from the pericardium,
confirmation of papillary carcinoma by fine needle
aspiration biopsy (FNA), suspicions of lymph-node
metastasis in the lateral neck region, and benign
thyroid nodules such as thyroid adenoma and
nodular goiter (17.18),

Compared with similar previous studies, the
present study demonstrated unique novelty in
several dimensions. In terms of study design, most of
the previous studies only focused on a single size
range of thyroid nodules or did not differentiate
between benign and malignant nodules at different
sizes. In contrast, this study comprehensively
observed the therapeutic effects of ultrasound-guided
microwave ablation on benign and malignant thyroid
nodules of different sizes, and this multi-comparison
design was able to reveal the differences in the
efficacy of this treatment for different nodule sizes
more accurately. This study provides rich data for
clinical support, which is expected to provide
reference for the standardized application of this
technology in the treatment of thyroid nodules of
different sizes, and to provide clinicians with more
alternative  treatment strategies, which will
contribute to the further development of the field of
thyroid nodule treatment.

MATERIALS AND METHODS

Study design and participants

This retrospective clinical study involved 180
patients with solitary thyroid nodules (benign or
malignant) who were admitted to Shijiazhuang
People’s Hospital from June 2022 to June 2024. The
patients were grouped according to the diameter of
the nodule into group A (=1 cm, 60 patients), group B
(0.5-1 cm, 60 patients), and group C (<0.5 cm, 60
patients). All patients were treated with conventional
thyroid ultrasound, ultrasonography, and ultrasound-
guided microwave ablation.

Sample-size calculation

The sample size required to detect a statistically
significant difference was calculated using a power
analysis with the software G*Power 3.1.9.7. The
sample size was calculated based on the primary
outcome of the nodal volume reduction rate.
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Considering an a level of 0.05 and 85% efficacy, a
sample size of 49 patients was required for each
group. Considering the potential uncertainties, a
sample size of 60 cases per group was chosen for this
study, which should allow for reliable conclusions to
be drawn.

Inclusion and exclusion criteria

Inclusion criteria: (1) All included patients met the
clinical diagnostic criteria for thyroid nodules and (2)
all underwent ultrasound examination and
ultrasound-guided microwave ablation in our
hospital. (3) The patients had not taken hormone-
containing drugs within 6 months of treatment and
(4) were in the age range of 20-65 years. (5) All
patients were able to truthfully express their main
complaints about their symptoms and answer
relevant questions from medical staff, and (6) all
patients and their families agreed to participate in the
study and signed an informed consent form.
Exclusion criteria: Patients were excluded (1) if they
had malignant tumors of any site or type, such as
thyroid cancer or (2) if they had multiple thyroid
nodules. (3) Patients were also excluded if they had
combined hemorrhagic coagulation dysfunction,
severe liver or renal function defects, severe
cardiovascular disease, or other more serious
diseases. (4) Those who had combined chronic
infectious diseases or had been involved in clinical
drug trials or clinical studies were excluded as well,
as were (6) patients with comorbid neurological or
psychiatric disorders that would make it difficult for
them to communicate normally. Other exclusion
criteria included (7) a previous history of chest
surgery, (8) any request to stop treatment or
automatic discharge for personal reasons, (9) other
conditions that the study physician believed should
warrant exclusion, and (10) other circumstances that
could affect the indicators assessed during follow-up
observations.

Ethics statement

The study was performed in compliance with the
Declaration of Helsinki and the hospital’s ethical
guidelines. This study was approved by the Ethics
Committee of the Shijiazhuang People’s Hospital.
Ethical approval number 2019092.

Instruments and equipments

The surgical equipment was a KY-2000A
microwave ablator (Nanjing Kangyou Medical
Technology Co., Ltd., Approval No.: State Mechanical
Note Quarantine 20193011833). The selected
microwave ablation needle was a KY-2450A-2 sterile
disposable microwave ablation needle (Nanjing
Kangyou Medical Technology Co., Ltd.). The tip size of
the needle’s anterior pole was 3 mm, and the length
of the needle pole was 10 cm. The ultrasound
contrast agent was Sonic Novelty (Bracco, Italy),

which contains 59 mg of sulfur hexafluoride gas and
25 mg of white lyophilized powder. Furthermore, 5
mL of 0.9% sodium chloride were added to form a
milky-white microfoam suspension after shaking, and
2.4 mL of contrast were injected into the elbow vein.
Ultrasound equipment was Philips EPIQ 7 diagnostic
ultrasound system (Philips Healthcare, The
Netherlands). Sodium chloride solution (Baxter
International Inc., USA). Epinephrine (Sigma-Aldrich,
USA). 2% Lidocaine injection (Hubei Tiansheng
Pharmaceutical, China).

Ultrasound-guided microwave ablation
examination

The patient was placed in the supine position to
adequately expose the neck area. Intraoperative vital
signs were continuously monitored and intravenous
access was established. After routine disinfection and
toweling, a 2% lidocaine anesthetic puncture path
was used under ultrasound guidance.

Three-dimensional radii were measured under
ultrasound, and the ‘fluid barrier method’ was used
during puncture. When the nodule was adjacent to
important structures such as carotid artery, laryngeal
return nerve, trachea, etc., 30 - 40 mL of 0.9% sodium
chloride solution (or add 0.5 mg of epinephrine) was
injected under ultrasound guidance to form a fluid
isolation band of about 5 mm.

The thyroid ultrasonographic quadrants were
divided into puncture paths: outer lower quadrant
nodules were punctured from the midline of the neck
to the outside; inner lower quadrant nodules were
punctured from the outside of the neck to the inside;
and outer upper and inner upper quadrant nodules
could be selected from either of the above two paths.
During the ablation process, the path of the ablation
needle was monitored by real-time ultrasound, and
important structures were strictly avoided to avoid
related injuries.

Primary observation indicators

We observed the changes in the size of the
transverse diameters (upper and lower diameters)
and longitudinal diameters (anterior and posterior
diameters) of the nodule at 1, 3, 6, and 9 months after
follow-up. We calculated the nodule volume
reduction rates (VRRs) as VRR = (Vpreoperative - Vollow-
up) / Vpreoperative * 100%. The cure rate was determined
using the condition of the nodules. “Cured” meant
that the nodules had completely disappeared, while
“not cured” meant that the nodules had not
disappeared. To determine thyroid biochemical
indexes, fasting venous blood was collected from the
patients, and the upper serum layer was extracted.
The levels of thyroid stimulating hormone (TSH),
triiodothyronine (T3), thyroxine (T4), and free
thyroxine (FT4) were measured using an automatic
chemiluminescence immunoassay analyzer (Suzhou
Lihe Biomedical Engineering Co., Ltd., Model: H360)
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(19),

Secondary indicators

The cosmetic improvement was assessed before
and 9 months after surgery using a cosmetic score.
The cosmetic outcome was scored as follows: 1: no
palpable mass; 2: a mass is not visible but is palpable;
3: a mass is visible upon swallowing; 4: a mass is
visible. The occurrence of adverse reactions was
recorded for all three groups and included nausea or
vomiting, bleeding, dysphagia, and pain during
treatment. Complications were recorded in all three
groups, including intra-nodal hemorrhage, tracheal
compression, esophageal compression and so on. We
also evaluated the recurrence rate during the follow-
up period.

Statistical methods

The statistical software SPSS 27.0 was used for
analysis of the data. Measurements that conform to a
normal distribution value were represented as the
mean * standard deviation (x+s). Comparisons
between groups were made using an independent-
sample t-test. Numerical data were expressed as the
rate (%) and tested using a x? test. P<0.05 indicated
statistically significant differences.

RESULTS

Basic information
The study involved 180 patients with BMTD with
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60 patients each in groups A, B, and C. Table 1 shows
their demographic and baseline characteristics, which
showed no remarkable discrepancies between groups
(P>0.05). Thus, the three groups were comparable at
the pretreatment level, and confounding by
demographic or clinical factors did not affect the
analysis results.

Transverse and longitudinal diameter of nodules

Table 2 shows the changes in the size of the
transverse and longitudinal diameters of nodules at 1,
3, 6, and 9 months after surgery. The nodule
diameters of all three groups of patients were
markedly reduced after surgery, and the difference
among between them was significant (P<0.05). The
reduction of nodule diameter was more obvious in
group C. This may have resulted from group C having
the smallest nodules, so the effect would be more
obvious. This indicates that ultrasound-guided
microwave ablation can clearly treat thyroid nodules
of different sizes, and smaller diameter leads to more
obvious treatment effect in the short term.

VRR
The benign and malignant nodal contrast is

illustrated in figure 1. Under contrast, the
preoperative nodules all demonstrated
inhomogeneous hyperenhancement. Immediately

after ablation, they showed the formation of a strong
echogenic vaporized area, and the lesions were non-
enhancing and showed clearly visible shrinkage after
the procedure.

Table 1. Patient demographics and baseline disease characteristics.

Parameter A group B group C group F/xX P
Age (year) 43.35+5.11 43.07+4.73 43.37+5.76 0.063 0.939
Gender (male/female) 23/37 25/35 26/34 0.579 0.749
Height (year) 160.34+8.09 159.48+9.14 160.11+8.97 0.154 0.857
Weight (kg) 61.88+7.45 61.63+6.97 61.81+8.47 0.017 | 0.983
Position (side/center) 53/7 55/5 54/6 0.889 0.641
Body mass index (kg/m?’) 22.47+2.57 22.22+2.53 22.19+2.37 0.222 0.801
Nature of nodule (benign/malignant) 45/15 46/14 47/13 0.261 0.878
Thyroid function (abnormal/normal) 20/40 19/41 18/42 0.216 0.898
Hypertension (yes/no) 15/45 13/47 12/48 0.730 0.694
Diabetes (yes/no) 10/50 9/51 11/49 0.336 0.845
Medical history (initial findings/review findings) 38/22 41/19 40/20 0.624 0.732
Cancer grading (low/medium/high) 5/35/15 6/34/15 5/36/14 0.401 0.982
Cancer staging (1~11/111~1V) 45/15 44/16 46/14 0.427 0.808
Lymph node metastasis (yes/no) 18/42 17/43 19/41 0.381 0.827
Distant metastasis (yes/no) 5/55 6/54 4/56 0.611 0.737
Note: A Group (nodule diameter 21cm, n=60), B Group (nodule diameter 0.5-1cm, n=60), C Group (nodule diameter <0.5cm, n=60).
Table 2. Nodule transverse and longitudinal diameters (xts, mm).
Time A group B group C group F P
Preoperative Transverse diameter 13.42+0.59° 6.53+0.54° 3.48+0.60° 4635.88 | <0.001
P Longitudinal diameter 12.05+0.38° 6.24+0.33° 3.35+0.41° 8291.42 | <0.001
1 month after surer Transverse diameter 9.3940.27" 4.92¢0.33 | 2.49+0.23 | 9268.09 | <0.001
gery Longitudinal diameter 9.20+0.34 ° 4.74+0.28™ 2.31+0.24 ¢ | 8882.96 | <0.001
3 ths aft Transverse diameter 6.7240.34° 2.99+0.30° 1.66+0.29°° | 4294.44 | <0.001
months atter surgery Longitudinal diameter 6.35¢0.28° | 2.80+0.34° | 1.44+0.27° | 4295.82 | <0.001
6 months aft Transverse diameter 5.55+0.26 ° 2.03+0.32° | 1.12#0.30° | 3742.24 | <0.001
months after surgery Longitudinal diameter 526:0.31° | 1.93:028° | 1.03:+0.31° | 3339.51 | <0.001
9 ths aft Transverse diameter 3.50+0.327° 1.44+0.29° | 0.56x0.24°° | 1680.52 | <0.001
months atter surgery Longitudinal diameter 3.23:033° | 1.30:0.24® | 0.48+0.30° | 1386.26 | <0.001

“n

“,

Note: “*” represents marked discrepancy compared with preoperative, P<0.05; “a”. “b” and “c” indicates marked differences among groups com-
pared to each other, P<0.05. A Group (nodule diameter 21cm, n=60), B Group (nodule diameter 0.5-1cm, n=60), C Group (nodule diameter <0.5cm,

n=60).
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Table 3. The VRR results (xts, %).

Table 4. Cure rate (xts, %).

30.188 [ <0.001

Time A group | B group | C group F P Time A group|B group|C group| F P

1 month after | 31.58+ | 33.60+ | 34.51+ 2171 | 0.117 1 month after surgery 01 0¥ O* - -
surgery 7.53 7.94 8.16 ) ) 3 months after surgery| 3.87 | 10 | 18 [10.354/<0.05
3 months after| 51.88+ | 55.54+ | 63.30% 6 months after surgery| 39.27° | 45.3™ | 65.4°° [14.827|<0.05

Note: “*” represents marked discrepancy compared with
preoperative, P<0.05; “a”. “b” and “c” indicates marked differences
among groups compared to each other, P<0.05. A Group (nodule
diameter >1cm, n=60), B Group (nodule diameter 0.5-1cm, n=60), C

Group (nodule diameter <0.5cm, n=60).

Figure 1. Imaging of benign and malignant nodules.
A: preoperative benign nodule; B: postoperative benign
nodule; C: preoperative malignant nodule; D: postoperative
malignant nodule.

The nodal VRR results of three groups are
demonstrated in table 3. The nodes of three groups of
patients reached a shrinkage rate of more than 30%
at one month after surgery, and no marked
discrepancy in nodal VRR was observed among the
three groups (P>0.05). After three months
postoperatively, the VRR comparison of three groups
of patients differed remarkably. At 9 months after
surgery, the nodule VRR was the largest in group C
patients and reached 83.52+8.16%, whereas
71.65+7.97% and 78.96+7.68% were observed in
groups A and B, respectively. This indicates that
microwave ablation was effective in treatment of
thyroid nodules, and group C had the best
therapeutic effect.

Curerate

Table 4 shows the cure-rate results. At 3 months
postoperatively, there were marked discrepancies in
the cure rate of nodules among the three groups.
Group C had the highest rate (18%), followed by
group B (10%) and group A (3.8%) (P<0.05). At 9
months after surgery, the cure rate of group C was as
high as 85.6% and was markedly higher than the
rates of 73.8% in group B and 68.4% in group A. The
results indicated that microwave ablation had the
highest cure rate for the treatment of small thyroid
nodules.

surgery 7.977 | 8.81™ | 7.84" 9 months after surgery| 68.4° | 73.8™° | 85.6  [9.211 [<0.05

6 months after| 58.68+ | 69.19+ | 74.36+ Note: “*” represents marked discrepancy compared with

surgery 9 42*a 8 37*b 8 89% 48.285(<0.001 pre-treatment, P<0.05; “a”, “b” and “c” indicates marked differences

. . : among groups compared to each other, P<0.05. A Group (nodule

9 montbhs after 71-6§i 783@3 83-52} 34.144 | <0.001 diameter >1cm, n=60), B Group (nodule diameter 0.5-1cm, n=60), C
surgery 7.97° 7.68 8.16 ¢ ) ’ Group (nodule diameter <0.5cm, n=60).

Thyroid biochemical indicators

Thyroid biochemical indicators are important for
analyzing changes in thyroid function. The results are
shown in table 5. No remarkable discrepancy was
found in the thyroid biochemical indexes of three
groups before treatment (P>0.05), but they were
markedly reduced post-treatment. The results were
also markedly different between the three groups.
The level of indicators of group A was obviously
greater than those of other groups (P<0.05). The
indicators of groups B and C were within the normal
range. Thus, the improvement of thyroid biochemical
indicators was greater in groups B and C.

Table 5. Thyroid biochemical indicators (xzs).
Norm Time |Agroup|B group|Cgroup| F P
Pre- 6.42+ | 6.48+ | 6.51%
TSH |treatment| 1.89 2.97 1.95
(mIU/L) Post- 4.52+ | 3.09% | 2.77+
treatment| 2.04” | 1.91™ | 115
Pre- 8.38+ | 8.29+ | 8.15%
T3 treatment| 2.10 1.91 2.06
(nmol/L)| Post- 4,18+ | 2.53+ | 1.73%
treatment| 1.82" | 0.63™ | 0.63
Pre- [324.86%(324.49+(324.94+
T4 treatment| 21.06 | 22.86 | 27.93
(nmol/L)| Post- |187.96+(155.36+|101.22+
treatment|10.537| 8.30™ | 8.74"
Pre- 34.87+ | 34.54+ | 34.96%
FT4 |treatment| 3.02 2.92 3.33
(pmol/L)| Post- 22.91+ | 18.94+ | 14.15+
treatment| 2.68 | 2.25" | 1.0p° |261:14/<0-001
Note: “*” represents marked discrepancy compared with
pre-treatment, P<0.05; “a”, “b” and “c” indicates marked differences
among groups compared to each other, P<0.05. A Group (nodule

diameter 21cm, n=60), B Group (nodule diameter 0.5-1cm, n=60), C
Group (nodule diameter <0.5cm, n=60).

0.022 { 0.979

17.196(<0.001

0.199 | 0.820

67.702|<0.001

0.006 | 0.994

116.94(<0.001

0.312 {0.733

Cosmetic score

The cosmetic score results are shown in table 6.
No obvious discrepancy was found between groups
before treatment (P>0.05), but the scores were
markedly reduced post-treatment. Group A had the
highest scores (2.19+0.18), followed by group B
(1.24+0.18) and group C (0.59£0.10) (P<0.05). This
indicates that the cosmetic condition of the patients
in all three groups improved after treatment, and
group C had the best improvement.

Adverse reactions

The three groups experienced adverse reactions
of varying degrees during treatment, such as nausea
or vomiting, as shown in table 7. No obvious
discrepancy was found in the comparison of adverse
reactions among the groups of patients, and the total
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incidences of adverse reactions in group A, group B,
and group C were 21.67% (13/60), 15.00% (9/60)
and 8.33% (5/60), respectively. These results were
obviously different compared between groups
(P>0.05). This suggests that a smaller diameter of the
nodule leads to a lower degree of adverse reactions
post-treatment.

Table 6. Cosmetic scores (xts, scores).

Time A group | Bgroup | Cgroup F P

Pre-treatment |3.331£0.42|3.38+0.35(3.43+£0.37| 0.987 |0.375

Post-treatment|2.19+0.18°/1.24+0.18°/0.59+0.101598.72/<0.001

t -19.325 | -42.118 | -57.396

P <0.001 <0.001 <0.001

Note: “a”, “b” and “c” indicates marked differences among groups
compared to each other, P<0.05. A Group (nodule diameter 21cm, n=60),
B Group (nodule diameter 0.5-1cm, n=60), C Group (nodule diameter
<0.5cm, n=60).

Table 7. Incidence of adverse reactions [n (%)].

A group [B group|C group| x* P
Nausea or vomiting | 2(3.33) |1(1.67)[1(1.67)/0.293|0.864

Bleeding 1(1.67) |1(1.67)[0(0.00)[2.027]0.363
Difficulty or pain in
swallowing 1(1.67) |1(1.67)|1(1.67)|0.000|1.000

)

)
Skin inflammation | 2(3.33) |0(0.00) |1(1.67)|2.847]0.241
Restricted neck |, 5 33) 153 33)(1(1.67)(0.257/0.879

)

)

)

movement
Localized pain 1(1.67) [1(1.67)[0(0.00)|2.027|0.363
Hoarseness 1(1.67) [1(1.67)[0(0.00){2.027|0.363

Fast heartbeat 1(1.67) [1(1.67)[0(0.00)[2.027]0.363
Skin burns 2(3.33) |1(1.67)]1(1.67)|0.293|0.864
Total incidence 13(21.67)9(15.00)/5(8.33) |7.686|<0.05
Note: A Group (nodule diameter >1cm, n=60), B Group (nodule
diameter 0.5-1cm, n=60), C Group (nodule diameter <0.5cm, n=60).

Complications and recurrence rate

Table 8 shows the complications that occurred,
which included intra-nodal hemorrhage and tracheal
compression. No obvious discrepancy was found
among the three groups (P>0.05). The total
incidences in group A, group B, and group C were
23.33% (14/60), 16.67% (10/60), and 8.33% (5/60),
respectively, which were obviously different between
groups (P<0.05). This suggests that smaller nodule
diameter leads to a lower incidence of complications
post-treatment. No nodule recurrence was observed
in any of the three groups. The results indicate that
ultrasound-guided microwave ablation is effective in
treating BMTD of different sizes.

Table 8. Complications [n(%)].

A group [ B group [C group| x° P

Intra-nodal
hemorthage 2(3.33) | 1(1.67) [1(1.67)|0.293|0.864
Tracheal
compression 1(1.67) | 1(1.67) |0(0.00)[2.027/0.363
Esophageal 1(1.67) | 1(1.67) |0(0.00)[2.027/0.363

compression

Injury to the recurrent
laryngeal nerve 2(3.33) | 2(3.33) |1 (1.67)|0.257|0.879

Burns to
surrounding tissue 2(3.33) [ 2(3.33) |1(1.67)|0.257|0.879
Rupture of
the nodule 1(1.67) | 0(0.00) |0 (0.00)|4.027|0.134
Abnormal thyroid
Function 2(3.33) | 1(1.67) |1 (1.67)|0.293/0.864
Infection 1(1.67) | 1(1.67) |0 (0.00)[2.027(0.363
Scarring 2(3.33) | 1(1.67) |1 (1.67)[0.293[0.864

Total incidence 14(23.33)[10(16.67)|5 (8.33)(8.482|<0.05
Note: A Group (nodule diameter >1cm, n=60), B Group (nodule
diameter 0.5-1cm, n=60), C Group (nodule diameter <0.5cm, n=60).

DISCUSSION

Most thyroid nodules are benign, and their
detection rate is up to 50% when using high-
resolution  ultrasound. @ Many  patients are
asymptomatic, and nodules are often found
unintentionally during other examinations (20,
Thyroid nodules vary in size, which correlates with
benignity, malignancy, and symptoms to some extent.
Smaller nodules may remain asymptomatic for a long
period of time, while larger nodules trigger
symptoms such as shortness of breath, hoarseness,
and dysphagia due to compression of surrounding
tissues. The risk of compression symptoms is
significantly higher for nodules 24 cm in diameter
(1),

There are various types of thyroid nodules.
Simple nodules form from the proliferation of normal
thyroid tissue and are usually asymptomatic. Colloid
nodules result from the accumulation of colloid in the
thyroid follicles and are also usually asymptomatic.
Adenomas are benign tumors that are formed by the
proliferation of follicular epithelial cells, some of
which can produce thyroid hormones and cause
hyperthyroidism. Cysts are fluid-filled sac-like
structures that are mostly benign but sometimes
cause symptoms by compressing the surrounding
tissue. Inflammatory nodules are associated with
chronic inflammation of the thyroid gland and may
be associated with autoimmune diseases such as
Hashimoto's thyroiditis.

Most benign nodules do not require specific
treatment and are reviewed regularly (22 23). About
5% of thyroid nodules are malignant. The common
types of thyroid cancer are papillary thyroid
carcinoma (PTC), follicular carcinoma, medullary
carcinoma, and undifferentiated carcinoma. PTC is
the most common and accounts for over, 80% of
cases, although it has relatively low malignancy and a
better prognosis. Follicular carcinoma is the second
most common and has higher malignancy than PTC.
Medullary carcinoma and undifferentiated carcinoma
are less common but have high malignancy and
poorer prognoses (24 25),

Determination of the benignity or malignancy of
thyroid nodules is very important and is mainly
based on ultrasonography, fine-needle aspiration
biopsy, and serologic examination (26),
Ultrasonography is used for preliminary judgments
by observing the size, morphology, border,
echogenicity, blood flow, and calcification of the
nodule. Signs that suggest malignancy include
irregular  morphology, an unclear border,
hypoechoicity, an aspect ratio > 1, microcalcification,
and an abundant-blood flow signal (27). Fine-needle
aspiration biopsy is done by extracting nodule cells
for pathological examination, which is important for
clarifying the nature of the nodule and is highly
accurate (28). In serologic examination, indicators
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such as thyroglobulin and calcitonin can assist in the
judgment of nodules 9.

Ultrasound-guided microwave ablation is a
minimal-invasive treatment which received much
attention recently (0. The procedure is usually
completed within 15-30 minutes and is highly safe. It
can effectively avoid normal tissue and
neurovascular damage and preserves the function of
the corresponding organs. The small incision,
excellent aesthetic results, rapid recovery, and wide
range of applications make it an attractive treatment
option for patients 31.32),

The transverse and longitudinal diameters of
thyroid nodules can help determine the nature of the
nodule and assist in evaluating the extent of surgical
resection, and changes in these diameters are
important for monitoring postoperative recurrence
(33). VRR is a key indicator for assessing the
postoperative efficacy of thyroid nodules, and for
nodules of different sizes, a higher VRR usually
indicates a better therapeutic efficacy and good
postoperative recovery 34. The cure rate reflects the
effectiveness of surgery in eradicating thyroid
nodules of different sizes. The cure rate is higher for
benign nodules, while for malignant nodules, it
depends on the nodule size, stage, and other factors.
Thus, it is an important indicator of the success of
surgery and the prognosis of patients (35).

The findings of this study show that the nodule
diameters of all three groups were markedly reduced
after surgery, and the reduction was more
pronounced in group C (P<0.05). Group C had the
largest nodal VRR, which was markedly greater than
in group A and group B (P<0.05). The cure rate of
group C was as high as 85.6%, which was remarkably
higher than the rates of 73.8% in group B and 68.4%
in group A (P<0.05). Thyroid biochemical indicators
can be used to determine the functional status of the
thyroid gland; assist in the diagnosis of thyroid
disease, thyroid cancer, and other conditions; and
help to monitor the condition of the patient. The
results showed that the thyroid biochemical
indicators of three groups were obviously reduced
after surgery, and the indicator levels in group C
were markedly below those of the other two groups
(P<0.05). Cui et al. in their analysis of the short-term
efficacy of radiofrequency ablation in BMTDs of
different sizes reported a higher cure rate with
smaller nodule diameters, which is similar to the
findings of the present study (36).

The postoperative cosmetic score for thyroid
nodules can help to judge the cosmetic outcome of
the surgical incision, provide patients with
quantitative information about the recovery of their
postoperative appearance, and help to relieve their
psychological stress. At the same time, the score can
help doctors assess the impact of surgical techniques
on appearance and provide a reference for improving
surgical methods and enhancing cosmetic results 67).

The results showed that post-treatment, the scores of
all three groups were markedly reduced (P<0.05),
but group C had the best improvement. The rates of
adverse reactions and complications in group C were
markedly below those of group A and group B.
During the follow-up period, no obvious recurrence
of nodules was observed in all three groups. Sunet al
studied of the efficacy of ultrasound-guided
radiofrequency ablation for benign thyroid nodules
of different sizes and similarly found that smaller
nodules show better improvement in appearance (8).

This study had some limitations. The relatively
small sample size did not cover all the different types
of thyroid nodules, which may have led to biased
findings and affected the extrapolation and reliability
of the conclusions. One limitation of single-center
studies is that there may be differences in the
patients' underlying conditions, which may affect the
generalizability of the findings. In addition, the
relatively short follow-up period did not allow for
adequate assessment of the long-term effects and
safety of the treatment. Therefore, further studies
should use large sample sizes and longer follow-up
periods to more completely assess the efficacy and
safety of ultrasound-guided microwave ablation for
BMTD of different sizes.

CONCLUSION

This study analyzed the effectiveness and safety of
ultrasound-guided microwave ablation therapy for
BMTD of different sizes to provide a new reference
for treatment. The results indicated that all indicators
of the three groups improved in the post-treatment
period. Compared with both groups, the
improvement effect of group C was better than that of
groups A and B. No recurrence was observed in all
three groups. It indicates that ultrasound-guided
microwave ablation has significant effects in treating
BMTDs of different sizes. This method can effectively
reduce the size of nodules and reduce the occurrence
of adverse reactions and complications. However, the
present study had a small sample size and a short
follow-up period, and more specific indexes could not
be examined. High-quality clinical studies involving
multiple centers and larger samples should be
carried to validate these results.
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