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Background: Thyroid nodules (TNs) often require intervention due to symptomatic or cosmetic concerns. Radiofrequency ablation
(RFA) has shown promise as a treatment option, offering potential advantages without neck scars. Recently, the scarless treatment
alternative of transoral endoscopic thyroidectomy vestibular approach (TOETVA) has emerged. When surgery can be performed in a
scarless manner, it remains unclear whether ablation is still the preferred treatment choice. This study aims to compare the safety,
efficacy, and patient satisfaction of RFA and TOETVA.
Study design: A retrospective data analysis was conducted on patients treated with RFA or TOETVA for unilateral benign TNs
between December 2016 and September 2021. Propensity score matching was employed to create comparable groups. Various
clinicopathologic parameters, treatment outcomes, and costs were assessed.
Results: Of the 2814 nonfunctional thyroid nodules treated during this period, 642 were benign and unilateral. A total of 121 and
100 patients underwent thermal ablation and transoral endoscopic thyroidectomy, respectively. After matching, 84 patients were
selected for each group. Both RFA and TOETVA demonstrated low complication rates, with unique complications associated with
each procedure. Treatment time (30.8 ±13.6 vs. 120.7± 36.5 min, P<0.0001) was shorter in the RFA group. Patient satisfaction
(significant improvement: 89.3% vs. 61.9%, P< 0.0001) and cosmetic results (cosmetic score 1–2: 100.0% vs. 54.76%,P< 0.0001)
favored TOETVA. RFA was found to be less costly for a single treatment, but the cost of retreatment should be considered. The
histological diagnoses post-TOETVA revealed malignancies in 9 out of 84 cases, underscoring the significance of follow-up
assessments.
Conclusion: Scarless procedures, RFA and TOETVA, are effective for treating unilateral benign TNs, each with unique advantages
and drawbacks. While RFA is cheaper for a single treatment, TOETVA offers superior cosmetic results and patient satisfaction.
Further research is needed to evaluate long-term safety and cost-effectiveness. It is crucial to remain vigilant about the possibility of
malignancy despite benign cytology pre-treatment.

Keywords: Benign thyroid nodule, minimally invasive procedure, radiofrequency ablation (RFA), scarless procedures,
thyroidectomy, transoral endoscopic thyroidectomy vestibular approach (TOETVA)

Introduction

While most thyroid nodules (TNs) are benign and require only
serial observation, some may necessitate treatment for sympto-
matic or cosmetic reasons[1,2]. Thyroidectomy is considered the

golden surgical approach for TNs; however, surgery carries risks
and can lead to neck scarring, which may concern patients[3].

Thermal ablation has shown promise in treating benign
TNs[4–6]. Previous studies have compared radiofrequency ablation
(RFA) with conventional transcervical open thyroidectomies[7] and
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have concluded that ablation is as effective as surgery but may have
potential advantages in safety and cosmetic effects without neck
scars, one of the most important factors affecting patients’ quality
of life[8]. Additionally, ablation preserves thyroid function and is,
therefore, more suitable than surgery for bilateral benign TNs.
The transoral endoscopic thyroidectomy vestibular approach
(TOETVA) is an innovative, scarless method that takes into
account cosmetic considerations for the patient and has demon-
strated low surgical morbidity as the technology matures[9,10].
Thyroxine replacement therapy is seldom required after
hemithyroidectomy[11]. RFA is emerging as a promising treatment
option, in the context of surgery conducted without scarring,
determining the preferable treatment choice between ablation and
scarless surgery remains uncertain. This study is designed to sys-
tematically compare the safety, efficacy, and patient satisfaction of
RFA and TOETVA in demographically matched cohorts with
unilateral benign thyroid nodules.

Materials and methods

Patient eligibility and study design

We conducted a retrospective review of all patients with TNs
who underwent invasive treatments, including thyroidectomies
and thermal ablations, between December 2016 and
September 2021 at a university hospital. Exclusion criteria
encompassed (1) age below 20 years, (2) hyperfunctioning
nodules associated with ongoing thyrotoxicosis, (3) pre-
operative cytological diagnoses other than benign nodules, (4)
treatment for bilateral nodules or retrosternal goitres, and (5)
procedures other than TOETVA or RFA. This study received
approval from the Research Ethics Committee of our institu-
tion and was registered on ClinicalTrials.gov.

Out of the 2814 TN cases treated during this period, 642 were
identified as benign and unilateral. This study included patients
who underwent minimally invasive procedures such as TOETVA
(n=100) or RFA (n=121) (Fig. 1).

The indications for RFA or TOETVA at our institution inclu-
ded TN-related cosmetic or compressive symptoms and the
cytologically confirmed benign nature of the nodules that con-
tinued to grow. Patients provided their consent and
chose the minimally invasive procedure after comprehensive
discussions with the surgeons regarding the indications. Typically,
in our institution’s protocol, TNs with a largest diameter greater
than 8 cm were not considered for RFA or TOETVA.

All patients underwent preoperative evaluation through
sonography, and fine-needle aspiration cytology was performed
at least twice[12]. All surgeons who performed these procedures
had more than 6 years of experience in TOETVA or RFA. After
TOETVA, histopathological data were reviewed by at least two
experienced pathologists. Thework has been reported in line with
the STROCSS criteria, Supplemental Digital Content 2, http://
links.lww.com/JS9/B950[13].

Transoral endoscopic thyroidectomy

The surgical procedure for TOETVA followed the protocol
proposed by Anuwong[2], and intraoperative neuromonitoring
was conducted in all cases in accordance with the guidelines of the
International Neuromonitoring Study Group[14]. Intraoperative
signal loss and the mechanisms of recurrent laryngeal nerve

(RLN) injury were consistently recorded. Management details
were described as previously[2]. Patients without complications
were scheduled for discharge on the second postoperative day
and received regular follow-up.

Radiofrequency ablation

RFA was performed under the guidance of a high-resolution
linear transducer using RF generators and 18-gauge internally
cooled electrodes with active tip lengths of 7/10 mm (RFMedical
Co., Ltd., and STARmed Co., Ltd.). Local anaesthesia, a trans-
isthmic approach, and the moving-shot technique were executed
as described by Baek[15]. Typically, in our institute’s protocol, a
single session would be dedicated to treating the predominant
thyroid nodule causing symptoms. However, if there are other
nodules on the same side that also contribute to the symptoms,
they will be addressed in the same session.

Contrast-enhanced ultrasonography was not performed
because it was not approved for use in Taiwan at the time of this
study. After RFA, patients were observed for 30 min to check for
any immediate complications in accordance with the definitions
by Baek[16]. The risk of complications and treatment effectiveness
were prospectively assessed both before and after RFA, based on
the guidelines of the Korean Society of Thyroid Radiology and
the Asian Conference on Tumour Ablation[17,18]. A second RFA
session was conducted after 1 year if deemed necessary.

Outcomes

We reviewed medical records for patient characteristics and
outcomes, including treatment time, length of hospital stay, and
treatment-related morbidity. RFA-related morbidities were
documented as described by Mauri[19]. Vocal cord movement
was assessed using routine ultrasonography (US), and indirect
laryngoscopy was performed if symptoms were suspected.
Subclinical hypothyroidism was defined as elevated serum thyr-
oid-stimulating hormone levels (TSH, normal range 0.39–4.2 IU/
ml) beyond the upper limit, with normal free thyroxine (free T4,
normal range 0.89–1.79 ng/dl)[20]. Overt hypothyroidism was
defined as increased serum TSH and decreased free T4 levels[21].

Volume reduction ratio

Follow-up was conducted at 3, 6, and 12 months after RFA. The
nodule volume was calculated using the following equation:
volume= length×width×height×0.525, and the volume reduc-
tion ratio (VRR) was calculated as [(initial volume − final volume)
× 100] / initial volume. The size of the TN was characterized by

HIGHLIGHTS

• Both radiofrequency ablation (RFA) and transoral endo-
scopic thyroidectomy vestibular approach (TOETVA) are
effective scarless procedures for treating benign thyroid
nodules, each having its unique advantages and
drawbacks.

• RFA is cheaper for a single treatment, while TOETVA
offers superior cosmetic results and patient satisfaction.

• It is crucial to remain vigilant about the possibility of
malignancy even in cases with benign cytology before
undergoing RFA.
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the volume of a single predominant TN. Nodule shrinkage effi-
cacy was evaluated using the VRR at 1 year, with a VRR greater
than or equal to 50% at one year considered a parameter for
achieving therapeutic success[22].

Cosmetic improvement

Cosmetic scores, as graded by clinicians initially and one year
after TOETVA or RFA, and patient satisfaction with cosmetic
improvement, were regularly recorded 1 year after the proce-
dures. The cosmetic score was assessed by physicians using the

following scale: 1: no palpable mass; 2: no cosmetic problem but
a palpable mass; 3: a cosmetic problem on swallowing only; and
4: an easily visible mass[17]. To determine satisfaction, patients
were asked to rate the improvement in cosmetic outcomes after
treatment (no improvement, slight improvement, moderate
improvement, and significant improvement)[23].

Costs

Costs are expressed in US dollars (USD), converted from
Taiwanese dollars (1 USD=30 TWD). Costs include medical

Figure 1. Flow chart for management of 2814 patients with thyroid nodules in this study.

Table 1
Baseline characteristics between patients with unilateral BTNs who underwent RFA and TOETVA before and after propensity score
matchinga.

Before propensity matching After propensity matchinga

Characteristics RFA (n= 121) TOETVA (n= 100) P RFA (n= 84) TOETVA (n= 84) P

Patient age, mean (SD), year 50.77 (13.18) 43.20 (14.85) 0.0003*** 47.21 (13.17) 45.55 (12.22) 0.4004b

Sex < 0.0001*** 0.7867
Male 24 (19.83) 8 (8.00) 8 (9.52) 7 (8.33)
Female 97 (80.17) 92 (92.00) 76 (90.48) 77 (91.67)

Longest diameter of predominant nodule, mean (SD), cm 3.83 (1.14) 4.25 (1.22) 0.0106* 3.97 (1.22) 4.14 (1.20) 0.3553b

BMI, mean (SD), kg/m2 24.29 (1.60) 22.22 (4.50) 0.7350 23.11± 3.78 22.65± 3.48 0.4209

Values are presented as mean (SD) or number (percentage, %) of patients unless otherwise indicated.
Continuous variables were compared using Student’s t-test or Welch–Satterthwaite t-test and analysis of variance.
Categorical variables were compared using the χ2 test.
BTN, benign thyroid nodules; RFA, radiofrequency ablation; TOETVA, transoral endoscopic thyroidectomy vestibular approach.
aPropensity score matching was performed with age, sex, and tumour size as covariates.
bWelch–Satterthwaite t-test.
Statistical significance,*P< 0.05,***P< 0.001.
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expenses for treatment and hospitalization. Treatment costs
encompass procedural, device-related, and other medical expen-
ses. Data on procedures, device, equipment, and othermedication
costs (analgesics, anaesthesia, and antibiotics) were obtained
from Taiwan’s National Health Insurance Administration,
Ministry of Health and Welfare. Hospitalization costs refer to
inpatient care, including readmission for complications.

Statistical analysis

The data were summarized using descriptive statistics.
Categorical variables were presented as numbers and percen-
tages, while continuous variables were expressed as means and
standard deviations. Patient characteristics were analyzed using
Student’s t-test or Welch–Satterthwaite t-test or analysis of var-
iance for continuous variables and the chi-square test or Fisher’s
exact test for categorical variables. Propensity score matching
was conducted with age, sex, and tumour size as covariates to
mitigate confounding bias associated with potential selection
effects. This was necessary due to the younger age, higher pro-
portion of women, and larger TNs in the TOETVA group com-
pared to the RFA group.

Statistical analyses were performed using SAS (version 9.4;
Cary). All P values were two-sided, and significance was defined
as P less than 0.05.

Results

After Propensity Score Matching, 84 patients were selected for
each group (Fig. 1). All baseline characteristics were comparable
between the two matched groups (TOETVA vs. RFA, see Table 1
and Table 2), including mean patient age (45.55 vs. 47.21 years,
P= 0.4004), male sex (7/84 vs. 8/84, P=0.7867), and mean BMI
(22.65 vs. 23.11 kg/m2, P= 0.4209). The mean size of the pre-
dominant nodule was comparable in terms of volume (20.35 vs.
21.67 cm3, P=0.7262) and also in three dimensions. The indi-
cations for treatment were pressure symptoms (47.62% vs.
57.14%, P=0.2165) and poor cosmesis (82.14% vs. 89.29%,
P= 0.1859). Mean follow-up duration was 56.1 months
and 62.6 months on average without a significant difference
(P= 0.1744).

Safety and cost of the two procedures

The time spent on the procedure (120.7±36.5 vs. 30.8±13.6 min,
P<0.0001), preparation time (37.8±11.4 vs. 17.2±8.0 min,
P<0.0001), and time in the operating room (188.8±53.3 vs.
53.5±19.2 min, P<0.0001) were all significantly longer in the
TOETVA group than in the RFA group. The hospital stay was also
longer in the TOETVA group (1.98±0.47 vs. 0.07±0.46 days,
P<0.0001).

There was no statistically significant difference in overall
complications between the two groups (8.33% vs. 4.76%,
P= 0.5348). No patients in either group experienced post-
operative hoarseness, and there were no instances of nerve
monitoring signal loss during the TOETVA procedures. One
patient who underwent RFA developed a haematoma, which
improved without further intervention. Three patients who
underwent RFA experienced tumour rupture during follow-up,
presenting with sudden neck bulging and pain. Their symptoms
subsided after two weeks. One patient who underwent TOETVA
developed a focal infection, which improved after antibiotic
treatment. No patients in either group developed overt
hypothyroidism following treatment; however, the incidence of
subclinical hypothyroidism at post-treatment 3 months was
higher in the TOETVA group than in the RFA group (7.14% vs.
0.00%, P=0.0285) (Table 2). No medication was given to these
subclinical hypothyroidism patients, and all of them had a nor-
mal TSH level at the checkup at 1 year.

Table 2
Comparison of surgical outcomes between patients who
underwent RFA and TOETVA after propensity score matchinga.

Characteristics RFA (n= 84) TOETVA (n= 84) P

No. nodule 0.1581
Single 30 (35.71) 39 (46.43)
Multiple 54 (64.29) 45 (53.57)

Dimensions of predominant nodule, mean (SD, cm)
Length 3.88 (1.19) 4.04 (1.23) 0.3841b

Width 3.32 (0.98) 3.30 (1.23) 0.9165b

Height 2.74 (1.27) 2.36 (1.30) 0.5550b

Volume of predominant
nodule, mean (SD, cm3)

22.75 (20.09) 21.37 (30.09) 0.7262

Component of predominant
nodule

> 0.9999c

Solid 81 (96.43) 80 (95.24)
Predominate solid 3 (3.57) 4 (4.76)

Distance from the skin and
predominant nodule,
mean (SD), mm

15.33 (4.43) 15.31 (4.48) 0.9724

Indication for treatment
Pressure symptoms 48 (57.14) 40 (47.62) 0.2165
Bad cosmesis 75 (89.29) 69 (82.14) 0.1859

Pre-existing
hypothyroidism
(subclinical)

0 (0.00) 0 (0.00) NA

Time expenditure, mean (SD), min
Preparation 17.2 (8.0) 37.8 (11.4) < 0.0001***
Treatment 30.8 (13.6) 120.7 (36.5) < 0.0001***
In operation room 53.5 (19.2) 188.8 (53.3) < 0.0001***

Complications 4 (4.76) 7 (8.33) 0.5348c

Hoarseness 0 (0.00) 0 (0.00) NA
Haematoma or seroma 1 (1.19) 0 (0.00) 1.000c

Infection 0 (0.00) 1 (1.19) 1.000c

Tumour rupture 3 (3.57) 0 (0.00) 0.2455c

Overt hypothyroidism 0 (0.00) 0 (0.00) NA
Subclinical
hypothyroidism

0 (0.00) 6 (7.14) 1.000c

Hospital stays, mean (SD),
day

0.07 (0.46) 1.98 (0.47) < 0.0001

Costs, mean (SD), USD
Device and equipment 1641.2 (42.9) 2659.7 (159.8) < 0.0001
Procedure 407.0 (73.8) 848.8 (28.2) < 0.0001

Follow-up duration mean
(SD, ranges), month

52.6 (17.2,
27.4-
94.1)

56.1 (15.9,
27.9-
84.8)

0.1744

Values are presented as mean (SD) or number (percentage, %) of patients unless otherwise indicated.
Continuous variables were compared using Student’s t-test or Welch–Satterthwaite t-test and analysis
of variance.
Categorical variables were compared using the χ2 test.
NA, not available; RFA, radiofrequency ablation; TOETVA, transoral endoscopic thyroidectomy
vestibular approach; USD, United States Dollar.
aPropensity score matching was performed with age, sex, and tumour size as covariates.
bWelch–Satterthwaite t-test.
cFisher’s exact test.
Statistical significance ***P< 0.001.
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Total costs were higher in the TOETVA group (4621.9 ± 162.3
vs. 2059.5 ± 86.8 USD, P<0.0001), including device and equip-
ment costs (2659.7 ± 159.8 vs. 1641.2 ± 42.9 USD, P< 0.0001)
and procedure costs (848.8 ± 28.2 vs. 407.0 ± 73.8 USD,
P< 0.0001) (Table 2).

Effectiveness of the two procedures

Changes in volume reduction ratio (VRR) and nodule volume
after RFA are illustrated in Figure 2. The mean volume of the
dominant nodules was 22.49 ± 21.04 cm3 initially and
6.27 ± 6.92 cm3 12 months after RFA. Nodule shrinkage
increased over time (59.80 ± 7.17% at 3 months, 65.34 ± 27.93%
at 6 months, and 77.72 ± 57.21% at 12 months). Treatment
success, defined as TNs VRR greater than or equal to 50% at
12 months after RFA, was achieved in 76 out of 84 (90.48%)
patients. There was no correlation between the size of the pro-
minent nodule and the RFA success rate (see Supplementary
Figure 1, Supplemental Digital Content 1, http://links.lww.com/
JS9/B949). Additionally, 17 patients (20.24%) underwent a
second session of ablation 1 year after the first session during
follow-up (Table 3).

At baseline, cosmetic scores were comparable between the two
groups. However, one year after treatment, the TOETVA group
had better scores than the RFA group (score 1 and 2; 100% vs.
54.76%, P< 0.0001) (Table 3).

Patient satisfactionwith cosmetic improvements is presented in
Table 3. More patients in the TOETVA group rated their cos-
metic improvement as significant compared to the RFA group
(89.29% vs. 61.90%, P<0.0001).

Pathohistological results

The preoperative cytological diagnosis for both groups of
patients was benign nodules. Histopathological diagnosis was
only available following TOETVA. The observed cases included
51 adenomatous goitres, 31 follicular adenomas, one follicular
variant of papillary thyroid cancer, and one follicular thyroid
cancer. Seven cases presented with goitre accompanied by
papillary thyroid microcarcinomas (Table 4). No complementary
procedures were applied in patients noted to have malignancy in
post-TOETVA pathology, and no recurrence or metastasis was
observed during the study period.

Discussion

This study compared the risk of complications, cosmetic out-
comes, and costs of RFA and TOETVA in the treatment of uni-
lateral benign TNs. We demonstrated that both procedures have
unique complications, but at lower rates. TOETVA achieved
superior cosmetic improvements, as evaluated by clinicians and
patients, while RFA offers the benefit of being less expensive. This
real-world, detailed comparison equips both patients and sur-
geons to make an optimal choice.

Thyroidectomy is one of the primary therapeutic approaches
for treating benign TNs; however, it has several drawbacks[3].
The potential for scarring after surgery is a significant con-
sideration for many patients, discouraging them from undergoing
conventional transcervical thyroidectomy and driving the
demand for scarless procedures[24]. RFA, a percutaneous ultra-
sound-guided procedure that results in a small ablation-related
wound, has gained popularity, especially among patients with
cosmetic concerns. RFA has demonstrated safety and efficacy,

Figure 2. (A) Changes in volume reduction ratio (VRR) and nodule volume in 84 enroled TNs after matching; (B) serial ultrasound images of a solid TN in a 42-year-
old female obtained before (baseline), 3 months, 6 months, and 12 months after radiofrequency ablation.
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making it a viable alternative for treating bilateral benign TNs[25].
Recent studies have also indicated the effectiveness of the
TOETVA with low complication rates[2], establishing it as a
scarless procedure due to its shorter access to the thyroid gland
compared to other endoscopic thyroidectomy approaches[26].

While new technologies have been proposed, clinicians often
grapple with uncertainty regarding their real impact on safety and
effectiveness. To the best of our knowledge, this study represents
the first attempt to compare these two popular scarless
procedures.

Our findings demonstrate that RFA and TOETVA exhibit
comparable complication rates. Notably, RFA, as previously
reported in the literature, is associated with fewer complications,
including neurological injury, hypoparathyroidism, and hypo-
thyroidism when compared with conventional transcervical
thyroidectomy[7]. Our study specifically focused on TNs neces-
sitating unilateral procedures, which inherently carry a lower risk
of complications such as hypoparathyroidism and hypothyroid-
ism compared to bilateral procedures. Traditional thyroidectomy
involves the removal of goitres and the surrounding thyroid tis-
sue, while RFA ablates TNs while sparing most of the sur-
rounding normal tissue. Consequently, RFA theoretically better

preserves thyroid function. In our study, no cases of hypothyr-
oidism were observed in patients after RFA, consistent with
previous studies reporting hypothyroidism in only 0.07% of
cases[27]. No overt hypothyroidism was observed in patients who
underwent TOETVA; however, 7.14% developed subclinical
hypothyroidism. The occurrence of hypothyroidism following
conventional hemithyroidectomy ranges from 5.0 to 7.8% of
cases, depending on the follow-up strategy or the definition of
hypothyroidism[28,29], and ~6.7–21.2% of patients require
thyroxine supplementation[30]. Our study observed a relatively
lower hypothyroidism rate, which could be attributed to the
inclusion of benign thyroid nodules without extension for
oncological concerns. No medication was given to these sub-
clinical hypothyroidism patients after TOETVA, and all of them
had a normal TSH level at the checkup at 1 year.

Importantly, no nerve injuries were observed in either group.
In the case of RFA, the minimization of RLN injury was achieved
through the use of anatomical ultrasound guidance, which
allowed for the monitoring of the “danger triangle” where the
RLN is situated[16]. Our TOETVA procedures routinely incor-
porated intraoperative neurophysiological monitoring, a quality
indicator for RLN function identification, potentially contribut-
ing to a lower nerve injury rate than in previous studies[31].
Nevertheless, it’s worth noting that both treatments come with
unique complications. The most common complication after
RFA is tumour rupture secondary to acute volume expansion
caused by haemorrhage, consistent with previous studies[16]. One
patient who underwent TOETVA developed a surgical site
infection, an occurrence reported in roughly 0.3% of patients in
previous studies[32]. Notably, none of the patients in our study
developed subsequent abscesses, and long-term antibiotic treat-
ment was not required. Further evaluation of possible compli-
cations associated with these two procedures may be conducted
in subsequent studies.

Lee reported a therapeutic success rate of 78.2% at 6 months
after the initial ablation and 93.4% after the final ablation[22].
Other studies have reported therapeutic success rates ranging
from 85 to 99% after multiple RFA sessions[33,34]. Consistent
with prior research, our study confirms the potential and efficacy
of RFA in the treatment of benign TNs. However, it’s worth
noting that the common definition of success in previous studies,
defined as a greater than 50% VRR for post-thyroid RFA
assessment when compared to thyroid surgeries, may introduce
bias[35]. It is advisable to evaluate success using more objective
scales or scores. The assessment of patient satisfaction following
thyroid surgery or ablation is challenging. The absence of com-
prehensive and validated scoring systems has led to the utilization

Table 3
Effectiveness comparison between patients who underwent RFA
and TOETVA after propensity score matchinga.

Characteristics RFA (n= 84) TOETVA (n= 84) P

VRRb at 12 months, mean
(SD), %

77.72 (57.21) — —

VRRb ≥ 50% at 12 mo 76 (90.48) 84 (100.00) 0.0070
Received the second RFA 17 (20.24) — —

Cosmetic satisfaction at 12 months
No improvement 3 (3.57) 0 (0.00) 0.2455c

Slight improvement 5 (5.95) 0 (0.00) 0.0588c

Moderate improvement 24 (28.57) 9 (10.71) 0.0036**
Significant improvement 52 (61.90) 75 (89.29) < 0.0001***

Cosmetic score initially
1 0 (0.00) 0 (0.00) NA
2 1 (1.19) 2 (2.38) 1
3 5 (5.95) 12 (14.29) 0.0733
4 78 (92.86) 70 (83.33) 0.0567
Median 4 4 0.0588d

Cosmetic score at 12 months
1 9 (10.71) 84 (100.00) < 0.0001
2 37 (44.05) 0 (0.00)
3 30 (35.71) 0 (0.00)
4 8 (9.52) 0 (0.00)
Median 2 1 < 0.0001

Values are presented as mean (SD) or number (percentage, %) of patients unless otherwise indicated.
Continuous variables were compared using Student’s t-test or Welch–Satterthwaite t-test and analysis
of variance.
Categorical variables were compared using the χ2 test.
Cosmetic score was classified on a clinical score: 1: no palpable mass; 2: no cosmetic problem but
palpable mass; 3: a cosmetic problem only on swallowing; 4: easily visible mass.
NA, not available; RFA, radiofrequency ablation; TOETVA, transoral endoscopic thyroidectomy
vestibular approach; VRR, volume reduction ratio.
aPropensity score matching was performed with age, sex, and tumour size as covariates.
bVRR was estimated by the equation: VRR (%)= (pre-treated volume − post-treated volume) / pre-
treated volume × 100%.
cFisher’s exact test.
dMann–Whitney U test.
eWelch–Satterthwaite t-test.
Statistical significance**P< 0.01,***P< 0.001.

Table 4
The histopathology results of TOETVA patients.

Characteristics TOETVA (n= 84)

Nodular goitre 51 (60.71)
Follicular/Hurthle cell adenoma 31 (36.90)
FVPTC 1 (1.19)
FTC 1 (1.19)
Accompany PTmC 7 (8.33)

Values are presented as number (percentage, %) of patients unless otherwise indicated.
FTC, Follicular thyroid cancer; FVPTC, Follicular variant of papillary thyroid cancer; PTmC, papillary
thyroid microcarcinoma; TOETVA, transoral endoscopic thyroidectomy vestibular approach.
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of various self-administered scales for evaluating patient
satisfaction[36]. The evaluations conducted in this study were
based on cosmetic improvements rated by patients and cosmetic
scores rated by clinicians[35,37]. Bernardi et al.[35] demonstrated
higher satisfaction regarding symptoms after conventional thyr-
oidectomy, but greater cosmetic satisfaction after RFA (92% vs.
69%, P= 0.001). Cosmetic dissatisfaction after thyroidectomy is
often associated with transcervical incisions. Our findings show
that TOETVA outperformed RFA in terms of cosmetic results
and patient satisfaction. Importantly, the absence of neck scar-
ring in both procedures allowed for a fair comparison[37].
Nonetheless, not all patients who underwent TOETVA were
completely satisfied with the cosmetic outcome, suggesting that
cosmetic satisfaction was influenced not only by the tumour
reduction effect but also by factors such as asymmetry orwrinkles
resulting from rapid postoperative tumour volume changes.

Interestingly, histological diagnoses following TOETVA
revealed malignancies, including papillary thyroid micro-
carcinomas accompanied by goitres, follicular thyroid cancer,
and follicular variants of papillary thyroid cancer. The pre-
dominant TNs in our study had been confirmed as benign
through fine-needle aspiration cytology, adhering to the Bethesda
2 categories and in accordance with thyroid RFA guidelines[18].
It’s noteworthy that Bernardi and colleagues reported that 8% of
nodules with benign cytology actually harboured malignancies,
and an Italian study reported that 2.4% of these nodules con-
tained microcarcinomas[33,38]. Given that a histopathological
diagnosis might not be available after ablation, the possibility of
malignancy should be taken into consideration. Fortunately, RFA
has shown effectiveness in treating low-risk papillary thyroid
microcarcinomas, with favourable long-term outcomes and
prognosis[39]. Additionally, clinicians should be mindful of
potential changes observed on ultrasound after RFA, as these
changes may falsely suggest malignancy[40]. Further research is
required to determine whether tumour progression remains
unresponsive to thermal treatment during follow-up.

Our findings indicate that TOETVA is more expensive than
RFA. The cost of outpatient RFA was demonstrated to be lower
than that of short-stay transcervical hemithyroidectomy[38]. Until
recently, the majority of TOETVA studies have shown that most
hospitals still require a postoperative stay of 1–2 days, inevitably
resulting in higher hospitalization costs[2]. If the future trend for
TOETVA includes a model that allows for discharge shortly after
surgery, then the cost of hospitalization may significantly
decrease. One study found RFA to be more costly than the same-
day transcervical hemithyroidectomy due to device and equip-
ment costs[41]. In our study, the device-related cost for disposable
equipment and modalities in TOETVA was higher than that for
RFA. It’s important to note that procedural costs may vary
among different health insurance payment systems, as seen in
other studies, with RFA being approximately two times less
expensive[38]. However, the cost of RFA may be significantly
underestimated sincemost studies are based on the cost of a single
RFA session and do not account for the fact that additional
ablations may often be required to achieve optimal results. In our
RFA group, 17 patients (20.24%) underwent additional ablation
sessions during follow-up. It is reasonable to assume that the 38
patients (45.24%) who still had cosmetic scores of 3 and 4 after
one RFA session were likely to require further treatment in the
future. When the cost of retreatment is factored in, RFA may not
be a cheaper option in terms of the total treatment cost. The true

cost difference between the two procedures should be reevaluated
in longer-term studies.

However, our study does have some limitations. First, we did
not assess the quality of life or indirect costs.While we focused on
unilateral benign TNs, the utility of these techniques for bilateral
or cancerous TNs has not been evaluated. Additionally, we did
not account for the possibility of regrowth or recurrence after the
initial treatment. In conclusion, global multicenter prospective
studies with longer follow-up periods are imperative to confirm
the long-term safety and cost-effectiveness of these procedures.

Conclusion

Scarless procedures, including RFA and TOETVA, for the
treatment of unilateral benign TNs are effective with few but
unique complications. TOETVA achieves higher cosmetic success
rates and patient satisfaction. The cost of a single treatment with
RFA is lower, but the cost of retreatment must be considered. In
addition, clinicians should note that benign cytology before
treatment may be accompanied by malignant tumours.
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