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Abstract: To explore the effect of ultrasound-guided radio frequency ablation (RFA) on patients with benign thyroid
nodules (BTN). A total of 73 patients with BTN admitted to our hospital from March 2017 to August 2019 were
selected, of which 42 patients were treated with ultrasound-guided radio frequency ablation (RFA group) and 31
patients were treated with traditional surgery (tradition-operation group). The operation condition, pain score, cure
rate, postoperative cosmetic score, complication rate, changes of ablation area volume before and after ablation,
between the two groups were observed and compared. The average operation time, postoperative hospitalization,
intraoperative blood loss and pain score in the tradition-operation group were higher than those in the RFA group.
The cure rate and postoperative cosmetic score in the RFA group were notably higher than those in the tradition-
operation group. The incidence of complications in the two groups was not statistically different (P > 0.05). The
maximum diameter and volume of nodules were notably reduced at the 1st, 3rd and 6th months after ablation (P
< 0.05), and the maximum diameter and volume at the 1st, 3rd and 6th months after ablation were significantly
different from that before treatment (P < 0.05). After treatment, the content of T3, T4 and FT4 in RFA group were
remarkably lower than that in RFA group (P < 0.05). In conclusion, ultrasound-guided RFA can reduce pain and im-

prove curative effects in patients with BTN, which is worthy of clinical promotion.
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Introduction

In recent years, with the popularization of thy-
roid ultrasound examination, the detection rate
of thyroid nodules has also increased, and its
incidence rate is 20%-76% [1, 2]. Although the
malignant transformation rate of benign thyroid
nodules (BTN) is relatively low, most patients
choose radical treatment because of the pres-
sure on thyroid tissues or psychological burden.
Therefore, finding appropriate treatment meth-
ods for thyroid nodule patients is of great sig-
nificance [3-5].

At present, surgical resection is the main meth-
od for the treatment of thyroid nodules in clini-
cal practice. However, there are defects in tra-
ditional surgery such as large amount of blood
loss, severe trauma, postoperative scars, large
resection area, and multiple complications,
which limit the application for surgical treat-
ment of BTN [6, 7]. With the increase in peo-
ple’s demand for aesthetic appearance, mini-

mally invasive treatments of thyroid nodules
have attracted more and more attention [8]. At
present, the minimally invasive treatments for
thyroid nodules applied clinically include abso-
lute ethanol injection sclerotherapy, microwave
ablation, ultrasound-guided radio frequency
ablation (RFA), and laser ablation, etc. [9]. RFA
is the release of high energy through radio fre-
quency current, which leads to high-speed
movement of positive and negative particles in
cells due to rapid changes of electromagnetic
fields in human tissues. Such high-speed move-
ment will cause a rapid transient temperature
rise in cells within radio-frequency irradiation
areas, this kind of high temperature will cause
evaporation, drying, solidification and necrosis
of water inside and outside cells; this minimally
invasive technique has a simple operation and
exact effects [10, 11]. In recent years, RFA tech-
nology has gradually expanded from the treat-
ment of diseases such as liver and lung to the
treatment of thyroid nodules. It can effectively
reduce the volume of nodules, reduce nodule
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symptoms and eliminate the problem of ap-
pearance changes caused by nodules. RFA
technology can meet the needs of patients for
physical beauty while achieving the therapeu-
tic purpose, but there is little research on this
treatment for thyroid nodules [12-14].

In this study, the clinical application value of
ultrasound-guided RFA in the treatment of be-
nign thyroid nodules (BTN) was investigated by
comparing the curative effect, pain and cure
of patients with thyroid nodules treated by sur-
gical resection and ultrasound-guided RFA, so
as to provide references for clinical practice.

Materials and methods
General data

Altogether 73 patients with BTN treated in the
Central Hospital from March 2017 to August
2019 were selected. They were divided into a
tradition-operation group (31 cases) and a RFA
group (42 cases) according to the treatment
method. All patients were informed of the treat-
ment process and signed an informed consent
form. Inclusion indexes: Patients had a single
nodule and the largest diameter of the nodule >
2 cm. Preoperative ultrasound examination of
patients confirmed that the nodule was mainly
solid, and its solid component was > 80%.
Preoperative biopsy of patients showed benign
nodules. Patients signed an informed consent
and cooperated with treatment and follow-up.
Exclusion criteria: Patients had abnormal coag-
ulation function, significantly decreased plate-
let count, or hyperthyroidism. Patients were
accompanied with severe respiratory and circu-
latory diseases. Patients with poor compliance
and non-cooperative. Patients with abnormal
routine blood work, unconsciousness, or malig-
nant tumors. Patients whose ultrasonography
showed malignant signs. Patients with a his-
tory of cranial surgery or radiotherapy. Patien-
ts with hypertension, diabetes or coagulation
disorders.

This experiment had the approval of the Medi-
cal Ethics Committee of the Central Hospital
and this study is in line with the Declaration of
Helsinki.

Treatment methods
Patients in RFA group were treated with RFA

under ultrasound guidance, that is, the pati-
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ents were instructed to maintain a supine posi-
tion, given a shoulder cushion, and tilted the
head back to fully expose the operative area.
Routine disinfection and a surgical drape were
applied, local anesthesia was given with 2%
lidocaine, and the route and puncture point
were determined according to preoperative
ultrasound examination. If the lesion was adja-
cent to the recurrent laryngeal nerve of the
patient, an appropriate amount of sodium chlo-
ride injection was injected into the capsule
space between the lesion and the surrounding
tissues to form an isolation zone to reduce ther-
mal injury. If the lesion was superficial and
adjacent to its jugular anterior fascicles, lido-
caine was injected into the middle of anterior
thyroid membrane and jugular anterior fasci-
cles of thyroid anterior membrane to prevent
severe pain during operation. Puncture and
needle insertion were carried out from the lon-
gitudinal section and the transverse section of
the thyroid gland, radio frequency electrode
needles were sent into the lesion under the
guidance of ultrasound. The needle tip was
placed into the edge of the deep part of the
nodule. The radiofrequency ablation system
was started, and the nodules were treated with
regional thermal ablation until the gasification
area was completely covered and exceeded
the edge of the nodules. The patients in the
tradition-operation group were treated with tra-
ditional surgery, i.e. general anesthesia with
tracheal intubation. A 5-8 cm long arc incision
was made 2 cm above the sternal notch to ex-
pose the thyroid gland and its lesion site. The
lesion site was completely excised. Attention
was paid to protect the recurrent laryngeal
nerve. After complete hemostasis, a drainage
tube was retained and the incision was sutured.

Outcome measures

The operation time, postoperative hospitaliza-
tion, postoperative blood loss, complication
rate, and hospitalization expenses of RFA group
and tradition-operation group were compared.
Visual analogue scale (VAS score) [15] was
used to compare the pain of patients 24 hours
after operation: a score of O indicated painless,
and a score of 10 indicated severe pain.
Patients were scored 24 hours after operation.
The cosmetic score of the patient’s wound was
performed using the numerical score system
(NSS) [16]: O was the worst and 10 was the
best. The aesthetic satisfaction of incision scar
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Table 1. Comparison of clinical data between RFA group and tradition-operation group

Factors Tradition-operation group (n=31) RFA group (n=42) t/x?value P
Gender 0.479 0.489
Male 8 (25.81) 14 (33.33)
Female 23 (74.19) 28 (66.67)
BMI 23.56+4.14 23.27+3.16 0.34 0.735
Age (years) 48.75+9.86 46.98+7.56 0.869 0.388
Diameter of the longest nodule (cm) 2.36+0.77 2.28+0.81 0.426 0.672
Number of nodules 0.478 0.976
1 16 (51.61) 21 (50)
2 9 (29.03) 12 (28.57)
3 6 (19.35) 9 (21.43)

Table 2. Comparison of operation conditions between RFA group

and tradition-operation group

Statistical methods

SPSS 22 statistical software

Type Qperati(.m PO?’tOPera.tive Blood loss was used to analyze all the

time (min)  hospitalization (d) (ml) data in this study: the count-
Tradition-operation group 74.45+14.67 4.58+1.06 23.45+8.41 ing data were expressed by
RFA group (n=42) 42.78+7.31 2.47+0.59 1.61+0.71 the number of cases (n), and
T 12.12 10.84 16.79 the inter-group rate (%) was
P <0.01 <0.01 <0.01 compared by chi-squared

was scored 3 and 6 months after operation.
Patients in the RFA group were reexamined with
thyroid B ultrasound at the 1st, 3rd, and 6th
months after operation. During the follow-up
period, routine ultrasonic examination was per-
formed to understand the degree of blood per-
fusion and disappearance of the nodule, and
the size of the thyroid nodule was measured.
The volume (V) and nodule volume reduction
rate [VRR = (volume before treatment - volume
after treatment)/(volume before treatment x
100%)]. Ablation of nodules with different abla-
tion risks were observed. The thyroid indexes of
the two groups were compared, including T3,
T4 and FT4 contents.

Criteria for efficacy determination

The curative effects of patients were divided
into recovered, markedly effective, improved
and ineffective. O Recovered: Thyroid nodules
disappeared completely. @ Markedly effective:
Thyroid nodule volume reduced by more than
50%. (3 Improved: Thyroid nodule volume re-
duced by 25-49%. @ Ineffective: The volume
of thyroid nodules decreased by less than
25%. Cure rate = number of patients recov-
ered/100% of total number.
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test. Mean standard devia-

tion (X * s) was used to ex-
press the measurement data, and t test was
used for comparison. There was statistical dif-
ference when P < 0.05.

Results

Comparison of clinical data between the RFA
group and tradition-operation group

There was no statistically significant difference
in gender, age, BMI, number of nodules and
diameter of the longest nodule between the
two groups (P > 0.05), as shown in Table 1.

Comparison of operation conditions between
the RFA group and tradition-operation group

Compared with the operation situation of the
RFA group, tradition-operation group had a lon-
ger average operation time, postoperative hos-
pitalization, and larger amount of intraopera-
tive blood loss, and the differences were statis-
tically significant (P < 0.05), as shown in Table
2.

Postoperative pain score of the two groups
The postoperative pain scores was compared,

and the result showed that the average pain
score 24 h after operation of the tradition-oper-
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Figure 1. Postoperative pain score of the two groups.
The postoperative pain scores was compared, and
the result showed that the average pain score 24 h
after operation of the tradition-operation group was
higher than that of RFA group (P < 0.05).

ation group was higher than that of RFA group
(P < 0.05), as shown in Figure 1.

Cure rate of two groups of patients

Comparison of cure rates between the two
groups showed that the cure rate of the RFA
group was 90.48%, and that of tradition-opera-
tion group was 51.61%. The RFA group was
notably higher than that in the tradition-opera-
tion group (P < 0.05), as shown in Table 3.

Comparison of postoperative cosmetic scores
between the two groups

Comparison of postoperative cosmetic score
between the two groups showed that the RFA
group had higher scores than tradition-opera-
tion group, and the differences were statisti-
cally significant (P < 0.05), as shown in Figure
2.

Comparison of postoperative complications
between the two groups

The incidence rate of complications in the tra-
ditional operation group was 12.9% (4 cases),
with 1 case of transient hypothyroidism, 1 case
of transient recurrent laryngeal nerve injury, 1
case of sub-flap hemorrhage (secondary opera-
tion hemostasis) and 1 case of subcutaneous
ecchymosis. All the above complications heal-
ed well after treatment. In the RFA group, only
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one patient had a small amount of intraopera-
tive blood loss, with an incidence of complica-
tions of 2.38%. There was no statistical signifi-
cance in incidence of complications between
the two groups (P > 0.05). As shown in Table 4.

Changes of ablation area volume in the RFA
group before and after ablation

After ablation, the maximum diameter and vol-
ume of nodules decreased significantly at the
1st, 3rd and 6th months (P < 0.05), and the
maximum diameter and volume at the 1st, 3rd
and 6th months after ablation were remarkably
different from that before treatment. As shown
in Table 5 and Figure 3.

Comparison of thyroid indices between the two
groups after treatment

After treatment, the thyroid index of the two
groups was compared, and the content of T3,
T4 and FT4 in the RFA group was remarkably
lower than that in the RFA group (P < 0.05), as
shown in Table 6.

Discussion

Thyroid nodules have a high incidence in the
general population. With the popularization of
high-resolution ultrasound examination, the
detection rate of thyroid nodules is as high as
19%-67%, and only 5%-15% are malignant [17,
18]. However, BTNs have the possibility of
malignant transformation. Arora N et al. [19]
believed that 20% of BTNs can transform into
malignant nodules, so the treatment of BTN
needs to be paid attention to.

Traditional surgical resection is the best treat-
ment method for the vast majority of nodules,
but it has defects such as trauma and remain-
ing neck scars. Therefore, people have higher
requirements for minimally invasive treatment
of thyroid nodules [20]. Ultrasound-guided RFA
therapy has the advantages of an accurate
location, less trauma and no scarring, which
has attracted increasing attention [21]. It main-
ly uses high-frequency alternating electromag-
netic waves generated by radio frequency ins-
truments to make polar molecules and ions in
tissues that vibrate and rub around the elec-
trodes according to the directional changes
of alternating current and converts them into
heat energy, and then local tissues solidify and
become necrotic due to the high temperature.

Int J Clin Exp Med 2020;13(9):6781-6788
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Table 3. Comparison of cure rates between the two groups

Group Recovered Markedly effective Improved Ineffective Cure rate (%)

Tradition-operation group 16 8 7 0 51.61
RFA group (n=42) 38 3 0 0 90.48
X2 17.18
P <0.01

3 15- and larger amount of intraoperative blood loss

§ than RFA group (P < 0.05), and RFA group had

§_ —r— lower postoperative pain scores, higher cos-

T 10- metic scores and better thyroid function index-

2 es than tradition-operation group. All of these

£ * above suggest that RFA can reduce the pain of

§ 5- T patients, reduce facial injury, and optimize thy-

S — roid indexes. In the first month after treatment,

3 the volume of the necrotic tissue in the nodule

§ 0 Z . gradually decreased as it was reabsorbed. The

R ) nodule shrank significantly 6 months after

&° & treatment. One study suggested that the vol-

Q.;)é\ ng" ume reduction rate of nodule was 46%~93%,

ch-" and no recurrence or increase was found in the

e \oo' follow-up for 4 years [26]. After RFA treatment,

&ob{“ the volume reduction rates of 1st, 3rd, and 6th

Figure 2. Comparison of postoperative cosmetic
scores between the two groups. The postoperative
cosmetic scores of RFA group were higher than those
of tradition-operation group (P < 0.05).

At the same time, the necrotic tissues form a
protective net to block the blood supply of nod-
ular tissues. Finally, the volume of ablation
area gradually shrinks and softens, and the
inactivated tissues are absorbed by the body
(lymphatic vessels or blood vessels) [22-24].
RFA therapy is mainly applied to primary or sec-
ondary tumors of liver and lung and small renal
tumors, but there are only a few studies on the
application of RFA technology to treat BTN [25].
In this study, RFA technology is used to treat
BTN. The results showed that the cure rate of
patients in RFA group was notably higher than
that in tradition-operation group (P < 0.05).
Ultrasound-guided needle insertion has the
advantages of real-time adjustments of the
needle insertion direction, accurate puncture
points, and avoidance of large blood vessels
and adjacent organs. In this experiment, the
operation situation between the two groups
was compared, and the results showed that
tradition-operation group had longer average
operation time, postoperative hospitalization,
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months were 21.58%, 45.67%, and 74.57%,
respectively, which was consistent with previ-
ous studies, suggesting that thyroid RFA has a
good clinical effect for the treatment of BTN.

As various complications may occur during RFA,
it is extremely important to know the possible
complications and surgical techniques for safe
ablation. Complications of RFA in the treatment
of thyroid nodules may include large vascular
injury, thermal nerve injury, and postoperative
complications such as infection and abscess
[27]. Previous studies have confirmed the safe-
ty and effectiveness of RFA in the treatment of
BTN [28, 29]. Baek et al. [30] enrolled 1,459
patients in a multi-center study and found that
the incidence of complications after RFA was
3.3%, and the incidence of major complications
was 1.4%, including pain, voice change, skin
burn, hematoma, nodule rupture and thyroid
dysfunction. Voice changes after RFA are un-
common, but the most serious complication, is
considered to be the result of thermal injury of
recurrent laryngeal nerve or vagus nerve, and
most patients can recover within 3 months
[31]. In this study, the injection of liquid isola-
tion zone between the carotid artery, trachea,
esophagus and other important organs and
tumor can effectively prevent the heat gener-

Int J Clin Exp Med 2020:13(9):6781-6788
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Table 4. Incidence of postoperative complications in the two groups

Transient Transient recurrent

Subcutaneous Incidence

Group hypothyroidism laryngeal nerve injury Bleeding ecchymosis (%)

Tradition-operation group 1 1 1 1 12.9
RFA group (n=42) 0 1 0 2.38
X2 3.095
P 0.078

Table 5. Changes of ablation area volume before and after ablation

Maximum nodule
diameter (cm)

Before treatment 2.45+1.17 6.68+2.74

1 month after treatment 2.03+0.63" 5.37+2.13" 21.58+10.67
3 month after treatment 1.73+0.62" 3.82+1.76" 45.67+14.63
6 month after treatment 1.29+0.37" 1.91+0.67° 74.57+5.58
F 17.58 45.5 247

P <0.01 <0.01 <0.01
Note: “significant difference compared with before treatment.

Group Volume (mL) VRR (%)
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Figure 3. Changes of ablation area volume before and after ablation in RFA
group. The maximum diameter and volume of nodules decreased significantly
at the 1st, 3rd and 6th months, and the ratio of maximum diameter volume at
each stage after ablation to that before treatment was significantly different
(P <0.05).

Table 6. Comparison of thyroid index between the two groups after
treatment

trachea, and there is no
serious complication in the
study of patients. In this
study, only one patient in
RFA patient had a small
amount of intraoperative
blood loss, and the compli-
cation rate was 2.38%. The
reason this happened was
considered to be that the
small blood vessels around
thyroid gland were dama-
ged during operation, and
the ablation was continued
after the bleeding and the
bleeding point was stopped
by electrode burning during
the operation.

Although this study confirm-
ed the clinical effects of
ultrasound-guided RFA, its
long-term effects on pati-
ents with BTN need further
observation due to the short
follow-up time of the study,
and it is hoped to be supple-
mented in future studies.

To sum up, ultrasound-guid-
ed RFA can reduce the pain
of patients with BTN and
improve the curative effect,
which is worthy of clinical
promotion.

Disclosure of conflict of
interest

Group T3 (ng/mL) T4 (ng/mL) FT4 (pg/mL)

Tradition-operation group 1.09+0.45  78.4116.58 7.73+2.59 None.

RFA group (n=42) 1.91+0.75 114.78+6.24  16.01+3.84

T 5.406 24.05 10.38 Address correspondence to:
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trasound, Central Hospital, 67
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