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Objective. Tis study aimed to investigate potentially favorable factors infuencing the therapeutic success of radiofrequency
ablation (RFA) of huge benign thyroid nodules (BTNs) (volume >100ml) and to evaluate the feasibility of RFA as an alternative
treatment modality for patients unable or unwilling to undergo surgery.Methods. Tis retrospective study evaluated a total of 868
patients, of which 22 patients had huge BTNs who underwent ultrasound-guided moving shot RFA treatment between May 2017
and January 2022. Te huge BTNs were categorized into two groups according to a post-RFA treatment volume reduction ratio
(VRR) of >80% and <80% at 6months. Factors infuencing these huge BTNs were reviewed, analyzed, and correlated with
treatment efectiveness between the two groups. Results. Te factors infuencing an efective VRR included huge BTNs located on
the left side (OR 7.875, p= 0.03), predominant solid/spongiform nodules (OR 7.875, p= 0.03), and higher initial ablation rate
(IAR) (p= 0.028). Multivariable logistic regression revealed predominant solid/spongiform nodule and the higher IAR were
associated with the advanced VRR. Conclusion. RFA was efective at decreasing the volume of huge BTNs with an acceptable
complication rate. Te BTN characteristics correlated with a better VRR at the 6-month short-term follow-up were predominant
solid/spongiform BTNs and those with the frst time ablation treatment initial ablation rate. Nevertheless, regarding the higher
regrowth rate of these groups of patients who may need to be treated more times, RFA can only be a feasible alternative treatment
modality for patients unable or unwilling to undergo operation.

1. Introduction

Tyroid nodular disease is a common endocrine disorder,
the discovery and treatment of which have become more
successful due to the application of neck ultrasound scan-
ning in clinical practice. As thyroid surgery is associated with
various general anesthesia risks, operation scar, and hypo-
parathyroidism, minimally invasive image-guided ablation

has been suggested as a viable alternative treatment option
[1]. In recent years, a growing number of studies have in-
vestigated the treatment of benign thyroid nodules (BTNs)
with minimally invasive image-guided thermal ablation,
including radiofrequency ablation (RFA), microwave abla-
tion, laser ablation (LA), and high-intensity-focus ultra-
sound (HIFU) [1]. According to several guidelines and
consensus statements, RFA may be used as a frst-line
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treatment or as an alternative to surgery for patients with
solid nonfunctioning thyroid nodules [2–11]. Furthermore,
RFA treatment of BTNs can achieve a signifcant volume
reduction ratio (VRR) with symptom and cosmetic im-
provements observed between 1 and 6months, with a no-
tably low recurrence rate at 2 years [12–14]. Compared to
surgical resection, the relatively low complication rate and
minimal scar [13, 15] have made RFA a viable treatment
modality for general-sized BTNs in patients unable or un-
willing to undergo surgery [16].

Although no defnitive criteria regarding nodule size or
volume have been established for thyroid RFA treatment [3],
it has been reported that patients presenting with BTNs
exceeding 2 cm in diameter sufer from a variety of symp-
toms, clinical concerns, and cosmetic issues [17]. Mean-
while, relevant literature addressing the treatment of huge
BTNs with RFA is lacking. A number of previous studies
have defned large BTNs as presenting with a volume >30ml
[18–23], the largest of which may reach a volume of 104.5ml
[23]. In light of this, we here defne BTNs with a volume
>100ml as huge BTNs. Both surgery and RFA are efective
methods for treating nodule-related clinical issues. Surgery
remains the standard treatment for patients with symp-
tomatic large BTNs as surgery can completely remedy the
compressive symptoms and harvest the whole huge BTN
specimen to make sure the fnal pathology is benign. In
contrast, RFA does not have the efect to resolve the BTNs'
symptoms entirely [15, 24–26]. Nonetheless, the elevated
risks associated with anesthesia may be unacceptable for
patients presenting with certain comorbidities. RFA is thus
a common alternative treatment for moderately sized BTNs
[25, 27]. However, studies have yet to investigate the factors
afecting the successful RFA treatment of large BTNs. Al-
though several previous studies have indeed investigated
large BTNs, the relatively long initial ablation time, im-
mediate and delayed complication rates, VRR, initial abla-
tion rate (IAR), number of RFA sessions required for
a complete treatment, long-term nodular recurrence rate,
and the association with factors infuencing therapeutic
success are issues warranting further exploration
[13, 28–30]. Determining if predictive criteria of the safety
and efectiveness of RFA exist, despite the fact that we
forecast the group of patients with a high risk of requiring
more treatment sessions, was of special interest in this study.
We thus investigated the potential factors infuencing the
therapeutic success of RFA for huge BTNs (volume >100ml)
and evaluated the feasibility of RFA as an alternative
treatment modality for patients with a high risk of anesthesia
or concern of postoperative scar and lifetime thyroxine
supplementation due to hypoparathyroidism.

2. Materials and Methods

2.1. Patients. From May 2017 to January 2022, a total of 868
patients underwent RFA for BTNs treatment at the Kaoh-
siung Chang Gung Memorial Hospital Medical Center in
Taiwan, of which 29 patients presented with a BTN volume
>100ml (defned as huge BTNs). Patients with huge BTNs
presented with cosmetic issues, nodule-related problems/

symptoms, and sought treatment options aside from sur-
gery. Patients had visited otolaryngologists, internal medi-
cine physicians, or surgeons and were subsequently
transferred to the Radiology Diagnostic Department for
sonography to evaluate the thyroid nodular composition. As
demonstrated earlier in the research by Kim and Lin et al.
[3, 22], Ultrasound-guided core needle biopsy (CNB) or
fne-needle aspiration cytology (FNAC) was performed for
the benign nature of the nodules confrmation. At least
a single benign cytological result or two benign cytological
results with an acceptable ultrasound characteristic was
considered at low risk of malignancy.

In our study, all patients were without contraindications
to surgery; however, these patients expressed concerns re-
garding postoperational complications, side efects, lifetime
thyroxine supplementation due to thyroid functional
changes, unpleasant scarring, or anesthesia risk. Te de-
mographic data for all patients were recorded, and their
follow-up outcomes were analyzed retrospectively. Te
criteria for patient enrollment in the study were (1) age above
20 years, (2) symptomatic and/or cosmetic problems, (3)
volume of thyroid nodule >100ml, (4) solid or predominant
solid/spongiform nodule, (5) cytological confrmation of
benign nodule status by FNAC or CNB, (6) thyrotropin
(TSH) and serum thyroid hormone (free T3 and free T4)
levels within normal range, and (7) acceptance of RFA
treatment. Te exclusion criteria were patients with path-
ological results indicating malignancy or follicular neoplasm
and patients without adequate follow-up sessions (at least
6months). Excluded by exclusion criteria, 7 patients were
excluded due to repetitive data (n= 4), pathology study
revealed hemangioma (n= 1) and papillary carcinoma
(n= 1), and inadequate follow-up time (n= 1). Finally, 22
patients presenting with huge BTNs who underwent RFA
treatment were enrolled in the study (Figure 1). Te ret-
rospective study was approved by the Chang Gung Medical
Foundation Institutional Review Board/IRB No.
202201363B0, which waived the obtaining informed consent
requirement.

2.2. Preablation Status Evaluation and Preparation. At each
visit to our Radiology Department, the thyroid function and
nodule-related cosmetic score/symptom score were recor-
ded. As shown previously in the study of Lin et al. [22]
Patients will fll out a questionnaire which recorded as
nodule-related symptom score focused on fve clinical
symptoms: cough, difculty swallowing, compression, voice
change, and pain. We allocated 1 point for each positive
symptom; the symptom scores ranged from 0 to 5. Te
cosmetic score is obtained using the following scale: 0, no
palpable or visible mass; 1, palpable mass but not visible; 2,
only visible when swallowing; and 3, an easily visible mass
[3]. In addition, sonography was used to evaluate the
echogenicity of the thyroid nodule and measure the tumors’
3 orthogonal diameters (the largest diameter with two
perpendicular diameters). CT/MRI will also be used to
confrm these huge BTNs extend below the sternal notch or
not and make sure the three orthogonal diameters of the
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tumors again. If not incompatible with both modality re-
sults, we will choose the largest one as the fnal result.
Calculate the tumors’ volume by using the following
equation: V= π × a× b× c/6 (V: volume, a: the largest di-
ameter, and b and c: the two perpendicular diameters)

2.3. Radiofrequency Ablation Procedure and Technique.
All patients who accepted the RFA treatment are outpatient.
Te procedure was performed by an experienced radiologist
with over 10 years of experience in the feld of US-guided
examinations and treatments. Te patients were adminis-
tered local anesthesia (solution of 2% lidocaine hydro-
chloride) at the puncture site and around the thyroid gland.
According to examination guidelines of ultrasound, the tip
size of electrode was chosen based on the status of the
surrounding critical structures and tumor size. An internally
cooled electrode (18 gauge, with 5/7/10mm active tip) with
RF generator (VIVA, STARmed and M2004, RF Medical)
was applied, passing the electrode through the thyroid pa-
renchyma by the transisthmic approach, with careful ob-
servation of the vessels along the approach route, into the
thyroid nodule deepest portion. Te moving shot technique
was used sequentially for BTN ablation, which involves
moving the electrode tip lateral to medial, bottom to top, and
back and forth. When all visual felds of BTN had changed to
transient hyperechoic zones, we terminated the ablation
procedure. After the ablation, patients were referred to the
Otolaryngology Department for examination by fexible
fberoptic laryngoscopy to check for occurrence of vocal
cord paralysis.

2.4. Subsequent Post-RFA Follow-Up. Sonography was per-
formed to assess the post-RFA VRR at 1, 3, and 6months
(Figures 2 and 3).Te cosmetic score and symptomatic score
were also documented at each follow-up. As shown pre-
viously in the study of Chen et al. [30], the measurement of
IAR is based on the concept that the total nodule volume
(Vt) can be divided into a vital portion (Vv) and an ablated

(Va), i.e., Vt=Vv+Va. Te IAR is calculated as follows:
IAR= (Va/Vt)× 100 [30, 31]. Te VRR is calculated as fol-
lows: VRR (y%) = initial volume (ml)− fnal volume (ml) ×

100/initial volume, which is assessed by sonography. Every
6months we will re-evaluate, if the patient still complained
about the problem of symptom/cosmetic issues, subsequent
RFA treatments may be needed and applied for residual
tumor, and the post-RFA 6months VRR was also recorded.
Major and minor complications were evaluated according to
the standard terminology of the Society of Interventional
Radiology (SIR). Minor complications were defned as SIR
classifcations A-B: A: no therapy, nil consequence; B:
nominal therapy, no consequence, included overnight ad-
mission for observation only. Major complications were
defned as SIR classifcations C-F: C: required therapy,
minor hospitalization (<48 h); D: required major therapy,
prolonged hospitalization (>48 h); E: permanent adverse
sequelae; and F: death [32].

2.5. Statistical Analyses. SPSS, Version 22 (SPSS, Inc. Chi-
cago, IL, USA), was used for results analyzation. We used
two stages of statistical methodologies in this study. At the
frst stage, we analyzed the correlation of diferent factors
between the two groups. Standard Chi-Square tests were
used for group comparisons of categorical variables. Man-
n–Whitney U tests were used for group comparisons for
continuous variables. Te Friedman test for repeated
measure analysis was used to assess relationship of VRR and
nodule volume among the groups at each follow-up. Te
results are presented as odds ratios (ORs) with a 95%
confdence interval (CI). Te diferences were considered
signifcant when the p value was <0.05. If the data required
two diferent statistical methods, the diference was con-
sidered signifcant when the results achieved p value <0.05 in
each of the statistical methods. By including the total
number of required RFA sessions and the favorable factors
in the investigation, we can improve the predictive accuracy
and enhance the treatment strategy. Tus, at the second
stage, the signifcant factors identifed at the frst stage

Solid or solid predominant BTNs, 
Volume>100 ml, n=29

Enrolled patient (n=22)

Excluded
Repetitive data (n=4)
Hemangioma (n=1)
Papillary carcinoma (n=1)
Inadequate following up (n=1) 

VRR>80% (n=11) VRR<80% (n=11)

6 months following up 

From May 2017 to January 2022

868 patients with BTNs accepted RFA

Figure 1: Consort diagram of the study.
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(a) (b) (c)

(d) (e)

Figure 2: (a) Prior to RFA treatment, the 66-year-old with a heterogeneous echogenicity huge thyroid nodule on the left side of the neck
region. (b) During the RFA treatment, the transisthmic approach was used by passing through the thyroid parenchyma, and the nodule was
sequentially ablated using the moving shot technique until the visual felds of the nodule had changed to transient hyperechoic zones.
(c) 1-month post-RFA treatment. (d) 3-month post-RFA treatment. (e) 6-month post-RFA treatment, revealing a distinct reduction in size.

Figure 3: Te red dots illustrate the nodule size from Figure 2.
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coupled with the total number of RFA sessions were entered
into a stepwise multivariable logistic regression model to
correlate the fnal post-RFA VRR at 6months, with the
statistical signifcance set at p < 0.05.

3. Results

3.1. Demographic Characteristics and Infuential Factors.
All patients enrolled in the study received a single session
of RFA treatment, while subsequent ablation sessions of
the residual thyroid nodule were required if the patient
had persistent cosmetic issues or symptoms. All BTNs
were evaluated by sonography for confrmation of solid or
predominant solid/spongiform nodule components. De-
mographic data of the 22 index huge BTNs based on the
post-RFA VRR are presented in Table 1. Of the 22 huge
BTNs, 11 nodules (50%) constituted the VRR >80% group,
while the remaining 11 nodules (50%) constituted the
VRR <80% group. In terms of the infuential factors
among the 22 patients, BTN characteristics including
location on the left side, intrathoracic extension, pre-
dominant solid/spongiform BTNs, higher IAR, and lower
resistance (watts) during the RFA procedure showed
signifcant diferences. Of note, there were no diferences
between the two groups in terms of sex distribution, age,
pre-RFA BTN maximum length, original volume, total
energy of the RFA procedure, energy per volume of RFA,
total procedure time, original cosmetic scores, original
symptomatic scores, the usage of electrode active tip,
serum Ca, TSH, T3, or T4 levels.

3.2.Complications. Tecomplications associatedwith the RFA
treatment are presented in Table 2. A total of 3 (13.6%) im-
mediate or delayed complications occurred after the RFA
procedure, including 1 major complication and 2 minor
complications [32]. Te minor complications included 2 tem-
porary vocal paralyses (2 patients: VRR >80% group, n=1; VRR
<80% group, n=1). One patient with vocal paralysis (in VRR
>80% group) recovered within 2 to 3hours after the RFA
procedure, while the other patient with vocal paralysis (in the
VRR <80% group) recovered within 3months after the RFA
procedure. All of the minor complications belonged to SIR class
B. One case of nodular rupture (in VRR >80% group), for which
the patientwas hospitalized for drainage (SIR class C), accounted
for the major complication. Te complication rate showed no
signifcant diference among the 2 groups (3 patients: VRR>80%
group, n=2, %; VRR <80% group, n=1, %, p=1.00).

3.3. Odds Ratio

3.3.1. Preprocedural Factors Infuencing RFA. Te factor of
BTN location in the VRR >80% group increased the
post-RFA 6-month follow-up VRR, with location on the left
side at 81.8% vs. 18.2% on the right side (VRR <80% group:
left side 36.4% vs. right side 63.6%) (OR 7.875; 95% CI
1.11–56.1, p� 0.03).

Te factor of BTN echogenicity in the VRR >80% group
increased the post-RFA 6-month follow-up VRR, with

predominant solid/spongiform nodule 81.8% vs. 18.2% solid
nodule (VRR <80% group: p predominant solid/spongiform
nodule 36% vs. solid nodule 18.2%) (OR 7.875; 95% CI
1.11–56.1, p� 0.03).

3.3.2. Periprocedural Factors Infuencing RFA. Te factor of
total resistance (watts) during the RFA procedure in the
VRR >80% group increased the post-RFA 6-month follow-
up VRR, with lower resistance (watts) 45 (42.5, 54.5) vs.
higher resistance (watts) 50 (45, 65) in the VRR <80% group
(Mann–Whitney u test, p� 0.047). However, by applying
logistic regression for odds ratio of continuous variables
data, the statistical results revealed signifcant diferences
(OR 1.124; 95% CI 0.97–1.30, p� 0.121).

Te overall median IAR was 63.3 (40.3, 71.1)%. A higher
IAR in the VRR >80% group (70.6 (58.5, 73.5)%) was noted
compared with VRR <80% group (51.4 (38.7, 64.5)%) with
signifcant diference (p� 0.0028) (Table 1). Te statistical
results by logistic regression for odds ratio revealed OR
1.111; 95% CI 1.009–1.234, p� 0.01.

3.4. Volume and VRR. Te BTN volumes of baseline and
respective changes are presented in Table 3. Prior to the
ablation procedure, the overall median BTN volume was
140.5 (114.6, 183.2) ml. After the ablation procedure, the 1-,
3-, and 6-month median BTN volumes were 59.9 (41.2, 68.1)
ml, 44.6 (23.6, 57.0)ml, and 25.0 (17.2, 42.9) ml, respectively.
Te results showed that the overall nodular volume reduced
signifcantly after RFA treatment over time (time efect,
p < 0.001). Te volume in each VRR group also showed
signifcant reductions over time (time efect, p < 0.001).
Although there was no signifcant diference (p� 0.797)
between the baseline nodular volumes of the two groups, the
volume at the 6-month follow-up showed a considerable
diference between the 2 groups (group ∗ time efect,
p� 0.052).

Te 1-, 3-, and 6-month volume reduction rates are
presented in Figure 4 and Table 3. Te overall median
volume reduction rates at the 1-, 3-, and 6-month follow-ups
were 63.4 (40.4, 71.1)%, 73.1 (54.9, 81.1)%, and 82.4 (66.6,
85.3)%, respectively, revealing signifcant reductions over
time (time efect, p < 0.001). At the 1-, 3-, and 6-month
follow-ups, the VRR showed a signifcant reduction in the
VRR >80% group, with VRRs of 70.6 (58.5, 73.5)%, 80.5
(75.4, 87.7)%, 84.9 (83.0, 86.6)%, respectively, as compared
to the VRR <80% group, with VRRs of 51.4 (38.7, 64.5)%,
55.2 (51.6, 66.9)%, and 66.6 (51.1, 75.8)%, respectively. Te
VRR of each group showed signifcant reductions over time
(time efect, p < 0.05); in addition, the VRR at the 1-, 3-, and
6-month follow-ups exhibited signifcant diferences be-
tween the two groups (group ∗ time efect, p= 0.028, p= 0,
and p= 0.004, respectively)

3.5. Symptom and Cosmetic Scores. Symptom and cosmetic
scores are presented in Table 3. Prior to the RFA treatment,
all patients (100%) had nodule-related symptoms, defned as
a symptoms score >0. Te overall symptom score improved

International Journal of Endocrinology 5



from 2 (0, 2) to 0 (0, 0) at the 6-month follow-up
(p < 0.001), with each group achieving signifcant im-
provements (p < 0.01). Te symptom scores at baseline and
the 6-month follow-up showed no signifcant diference
between the two groups (p� 0.949 and p� 0.739, re-
spectively). Prior to the RFA treatment, all patients (100%)
had cosmetic concerns, defned as a cosmetic score >0. Te
overall cosmetic score improved from 3 (3, 3) to 2 (2, 3) at
the 6-month follow-up (p� 0.001), with both groups

achieving signifcant improvements (p < 0.05). Te cos-
metic score at baseline and the 6-month follow-up showed
no signifcant diference between the two groups (group ∗
time efect, p� 0.748 and p� 0.739, respectively).

3.6. Subsequent RFA Data and Multivariable Logistic Re-
gression Analysis. Te subsequent RFA data (total RFA time,
IAR) andmultivariable linear regression analysis are performed.

Table 1: Te 22 possible infuence factors of huge BTNs based on the post-RFA VRR.

Characteristics VRR <80% VRR >80% p value
Gender 0.611
Male 3 (27.3%) 2 (18.2%)
Female 8 (72.7%) 9 (81.8%)

Age (year) 1
<50 y/o 5 (45.5%) 5 (45.5%)
>50 y/o 6 (54.5%) 6 (54.5%)

Location 0.03∗
Left 4 (36.4%) 9 (81.8%)
Right 7 (63.6%) 2 (18.2%)

Intrathoracic extension 0.665
With 5 (45.5%) 4 (36.4%)
Without 6 (54.5%) 7 (63.6%)

Echo feature I 0.03∗
Predominant solid/spongiform 4 (36.4%) 9 (81.8%)
Solid 7 (63.6%) 2 (18.2%)

Echo feature II 1
Hyperechoic 9 (81.8%) 9 (81.8%)
Hypoechoic 2 (18.2%) 2 (18.2%)

Electrode active tip 1
10 or 15mm 11 (100%) 10 (90.9%)
5mm 0 (0%) 1 (9.1%)

Characteristics VRR <80%a VRR >80%a p value
Max length (cm) 8.8 (8, 10, 8) 8.9 (7.9, 10.1) 0.797
Original size (mL) 128.3 (108.1, 212.8) 141.8 (124.5, 160.8) 0.797
Total RFA energy (J) 28.7 (23.9, 47.6) 32.2 (17.7, 43.9) 0.478
Energy/volume (J/mL) 0.2 (0.1, 0.3) 0.2 (0.1, 0.3) 0.438
Initial ablation rate (%)b 51.4 (38.7, 64.5) 70.6 (58.5, 73.5) 0.028∗
Mean resistance (watts) 50 (45, 65) 45 (42.5, 54.5) 0.047∗
Total RFA time (min) 40 (35, 55) 46 (27.5, 72) 0.748
Original symptom scorec 2 (1, 2) 2 (0, 2) 0.949
Original cosmetic scored 3 (3, 3) 3 (3, 3) 0.748
Original iPTH (pg/mL)e 28.5 (14.8, 45.1) 49.8 (19.1, 80.1) 0.195
Original Ca (mg/dL) 9.4 (9.0, 9.9) 9.4 (9.1, 9.9) 0.888
Original T3 (ng/dL) 98.2 (80.6, 115.6) 100 (87.6, 111.2) 0.973
Original T4 (ng/dL) 1.2 (1.0, 1.3) 1.2 (1.0, 1.4) 0.918
Original TSH (μIU/mL) 1.0 (0.4, 1.2) 0.6 (0.1, 1.0) 0.197
∗Statistically signifcant diference. aData are presented as median (25th percentile and 75th percentile). bInitial ablation rate (%)� (ablation region volume/
total volume)× 100. cFor each positive symptom, we allocated one point; therefore, the symptom scores ranged from 0 to 5. dTe cosmetic score was obtained
using the following scale: 0, no visible or palpable mass; 1, not visible but palpable mass; 2, visible when swallowing only; 3, an easily visible mass [3]. eIntact
parathyroid hormone.

Table 2: Post-RFA complications for two groups.

Complications Total VRR <80% VRR >80%
Vocal palsy 2 1 1
Burn 0 0 0
Hematoma 0 0 0
Rupture 1 0 1
Total 3 1 2
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In this study, a total of 22 patients underwent at least 1 RFA
session; additionally, 6/22 patients underwent a total of 2 RFA
sessions and 5/22 patients underwent a total of 3 RFA sessions.
Te median total number of RFA sessions was 1.5 (1.0, 2.25). 3
patients in VRR >80% group underwent a total of 2 RFA
sessions, 3 patients in VRR <80% group underwent a total of 2
RFA sessions, and 5 patients underwent a total of 3 RFA
sessions.

Tree variables (BTN location, echogenicity (solid or
predominant solid/spongiform nodule), and the IAR)
showing statistical signifcance were coupled with the total
number of RFA sessions and entered into a stepwise mul-
tivariable logistic regression analysis which revealed statis-
tical signifcance (F= 3.852, p= 0.026). Te analysis revealed
that BTN echogenicity (standardized beta coef-
fcients = 0.485, p= 0.047) and the IAR (standardized beta
coefcients = 0.774, p= 0.004) were associated with the VRR.
Te regression analysis further revealed that BTN location
(p=−0.25) and total number of RFA sessions (p=−0.112)
were without signifcant diference. Te regression model
provides characteristics of normality (Shapiro–Wilk test
p= 0.179), autocorrelation (Durbin–Watson = 2.594 which
greater than dU= 1.543, alpha = 0.01 and dU= 1.797,
alpha = 0.05) [33], and low collinearity (all variables’ VIF
<10 and condition index = 19.348).

4. Discussion

Tis retrospective study indicates that the factors infuencing
a favorable RFA treatment outcome of huge BTNs were
more efective in the post-RFA 6-month VRR >80% group
than those in the post-RFA 6-month VRR <80% group,
while presenting an acceptable complication rate. Further-
more, the treatment efectiveness of RFA for huge BTNs was
notable, with a mean VRR of 82.4 (66.6, 85.3)% at the 6-
month follow-up. In addition, we reveal that huge BTNs

Table 3: Te 1-, 3-, and 6-month follow-up median volume and volume reduction ratio (%) and median symptoms and cosmetic score at
baseline and at 6months post-RFA treatment.

Total∗ VRR <80%∗ VRR >80%∗ Group ∗ time efect
p value

Nodule volume
Baseline 140.5 (114.6, 183.2) 128.3 (108.1, 212.8) 141.8 (124.5, 160.8) 0.797a

1 month 59.9 (41.2, 68.1) 65.7 (59.9, 76.1) 41.2 (32.0, 58.3)
3 months 44.6 (23.6, 57.0) 48.8 (45, 62.1) 24.2 (17.4, 35.9)
6 months 25.0 (17.2, 42.9) 42.9 (24.6, 59.3) 19.5 (15.3, 28.5) 0.052b

Time efect p value <0.001c <0.001d <0.001e (Friedman test)
VRR
1 month 63.4 (40.4, 71.1) 51.4 (38.7, 64.5) 70.6 (58.5, 73.5) 0.028f

3 months 73.1 (54.9, 81.1) 55.2 (51.6, 66.9) 80.5 (75.4, 87.7) 0g

6 months 82.4 (66.6, 85.3) 66.6 (51.1, 75.8) 84.9 (83.0, 86.6) 0.004h

Time efect p value <0.001i <0.05j <0.05k

Symptoms score
Baseline 2 (0, 2) 2 (1, 2) 2 (0, 2) 0.949l

6 months 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.739m

Time efect p value <0.001n 0.005o 0.008p

Cosmetic score
Baseline 3 (3, 3) 3 (3, 3) 3 (3, 3) 0.748q

6 months 2 (2, 3) 2.5 (2, 3) 2 (2, 3) 0.739r

Time efect p value 0.001s 0.025t 0.014u
∗Data are presented as median (25th percentile and 75th percentile). a,bTere was no signifcant diference in the volume of both groups at baseline and at
6months post-RFA treatment. c,d,eVolume and time efect of both groups showed signifcant diference. Comparison of both groups for time efect showed
signifcant diference. f,g,hTere was a signifcant diference in the VRR of both groups at the 1-, 3-, and 6-month post-RFA follow-ups. i,j,kVRR and time efect
of both groups showed signifcant diference. Comparison of both groups for time efect showed signifcant diference. l,mTere was no signifcant diference in
the symptom scores of both groups at baseline and at 6months post-RFA treatment. n,o,pSymptom scores and time efect of both groups showed signifcant
diference. Comparison of both groups for time efect showed signifcant diference. q,rTere was no signifcant diference in the cosmetic scores of both
groups at baseline and at 6months post-RFA treatment. s,t,uCosmetic scores and time efect of both groups showed signifcant diference. Comparison of both
groups for time efect showed signifcant diference.
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Figure 4:Te 1-, 3-, and 6-month post-RFA treatment median VRR
(%) of both groups. Tere was a statistically signifcant diference
between both groups at 1-, 3-, and 6-month post-RFA treatment.
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characteristics including BTNs located on the left side
(p� 0.03), predominant solid/spongiform BTNs (p� 0.03),
and higher IAR (p� 0.028) are factors infuencing a favor-
able VRR. Te median RFA sessions count was 1.5 (1.0,
2.25). Additionally, the regression analysis model revealed
that while predominant solid/spongiform BTNs and
a higher IAR are associated with a superior VRR in patients
with huge BTNs, the IAR is indeed a more infuential factor
than predominant solid/spongiform echogenicity. Tese
fndings may help clinicians to better educate and manage
patients’ expectations prior to RFA treatment and ofer
patients concerned about postoperational scarring or the
risk of anesthesia a safe treatment option to preserve the
thyroid.

Compared to 6-month post-RFA VRR, symptom, and
cosmetic outcomes, the immediate short-term efects on
huge BTNs after treatment are not inferior to average size
BTNs. Previous studies have reported a VRR range of 52.1%
to 86.1% at 6months postablation for average-sized BTNs
[34]. We similarly recorded a median VRR of 82.4% for
huge BTNs at the 6-month follow-up. Because of the
difculty in achieving high IAR and higher rates of
regrowth, the patients in this study received 1.5 RFA
treatments on average with further treatments. However,
future treatments are usually needed [14, 18, 19, 35]. In
comparison to a previous study of large BTNs (defned as
>30ml, n � 44, 6-month post-RFA symptom, and cosmetic
score: 0.05± 0.2 and 1.3± 1.0, respectively), our symptom
score at 6months post-RFA exhibits superior improvement
for the huge BTNs [22]. In several other papers on large
nodules, though not as large as in this study, the baseline
symptom score was much higher; the nodules in these
studies reduced after treatment but not to such low
symptom score values [22, 36, 37]. While this may arise
from the fact that symptom and cosmetic scores are sub-
jective factors, the tremendous shrinkage of the huge BTNs
may account for great remission feedback among patients.
Additionally, the patients reported decreased self-
consciousness about their thyroid issues. Meanwhile, our
results also indicate that subsequent RFA procedures may
be necessary to achieve complete resolution of cosmetic
issues, despite greater cosmetic score improvement at
6months post-RFA than in previous studies [5, 22]. Tis
comparison is not appropriate, however, with studies
where the volume reduction was equally signifcant but
where the nodules were subject to a single treatment.
Although patients with huge BTNs can receive thyroid-
ectomy, RFA is not always the frst priority treatment due
to its high ratio of regrowth as well as cost and quality of life
concerns.

Te IARwas revealed to be amajor factor infuencing the
VRR of huge BTNs in our study. Te VRR >80% group
exhibited a better IAR than the VRR <80% group, dem-
onstrating that the IAR is a quantitative indicator of the
performance efcacy of the RFA procedure and is highly
correlated with the VRR [30, 38]. Some studies suggest that
smaller or medium-sized nodules have better VRR than
large-sized BTNs in long-term efects because of better IAR
[18, 19, 35]. Chen et al. reported no diference in terms of

nodule volume and achieved an average IAR of 99.67% [30],
although their study did not include such huge BTNs as are
investigated here. Indeed, it is challenging to reach a 70%
IAR for huge BTNs due to issues related to tumor size, device
limitations, and technical factors [39]. Te nodules in our
study have undergone more than one retreatment over
6months (1.5 treatments on average). Tis likely results
from the nodules not reaching a sufciently high IAR, in line
with previous work that found more treatments are needed
for larger-size BTNs [14]. One particular issue to achieving
a high IAR lies with the residual margin [30]. Although
leaving a relatively large margin is safe from the perspective
of complications, leaving too much margin may lead to
therapeutic failure [38]. It is important to treat the margin
completely in order to prevent the regrowth of marginal
viable tissue around the central ablated tissue [30, 40].
Hence, subjecting the margin of huge BTNs to additional
treatment is critical, which may require the patient to accept
additional sessions of RFA [14]. Considering the higher
regrowth rate among these patients, for whom repeat
treatment is likely, compared to those who were treated only
once (for smaller BTNs) or surgically operated on, RFA can
only be an alternative treatment [35, 41].

Another factor identifed in our study infuencing
a favorable treatment outcome was echogenicity. Previous
studies have reported that <30ml mixed cystic BTNs
showed a signifcantly better volume reduction response
than predominant solid/spongiform BTNs after RFA
treatment [4, 34]. Specifcally, one study reported a 6 to
9month post-RFA residual BTN volume of 21.9% ± 16.5%
in a mixed cystic group and 50.0%± 31.4% in a pre-
dominant solid/spongiform group [34]. Tis may be at-
tributed to the homogeneous conduction of heat and the
absence of a heat sink efect [42]. Given that cystic content,
necrosis, and hemorrhage can produce heterogeneous
echogenicity [43], predominant solid/spongiform echo-
genicity in the BTNs studied here (>100ml) may also have
superior heat conduction and a less limiting heat sink
efect. On a procedural note, as the predominant solid/
spongiform echogenicity exhibited by huge BTNs can
provide a clearer RFA target and BTN border, the operator
may have the opportunity to ablate the huge BTNs in
a more detailed manner.

We also observe that huge BTNs located on the left side
have better VRR than those on the right after odds ratio
analysis. We presume the relative ease of the operator using
their dominant hand to manipulate the RFA needle while
performing treatment at the patient’s cephalic site; thus, as
the operator in this study was right-handed, they could
handle the sonography probe with the left hand and the RFA
needle with the right hand. In this way, the operator could
ablate the huge BTNs in a detailed manner to treat the
marginmore completely, which could lead to improved IAR.
However, further regression analysis did not reveal this
factor to be signifcant. Te reduced number of nodules
enrolled in the two groups and operator-dependent factors
should also be considered.

Te energy delivered per nodular volume factor showed
no statistical diference between the groups of huge BTNs.
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Previous studies have suggested that the energy delivered per
volume was independently predictive of volume reduction
[22, 39, 44]. Deandrea et al. reported energy superior to
2670 J/ml could facilitate an optimized treatment efcacy,
with a VRR >50% in 99% of cases [44]. Furthermore, studies
have reported the best volumetric response to RFA in small
(<15ml) and medium (15–30ml) nodules, where the energy
delivered was higher [22, 44]; nevertheless, such a correla-
tion has not been found in large BTNs [22]. Considering
huge BTNs present a more complicated nodular pattern,
such as intense vascularity, microcystic composition, and
soft stifness, and further study is warranted to investigate
the correlation.

Te complication rate associated with RFA treatment of
huge BTNs in this study was acceptable, in line with fndings
of previous studies and without incidence of life-threatening
complications [45]. Indeed, surgery remains the gold
standard for treatment of large-size thyroid nodules or those
presenting with compressive symptoms or nodular growth,
as it can completely remedy the compressive symptoms
caused by nodular volume [25, 46, 47]. It must be noted that
several studies have revealed common complications specifc
to thyroidectomy: temporary vocal paralysis, which occurs
in 5% to 11% of cases and may be permanent in 1% to 3.5%
of cases; temporary hypoparathyroidism, which occurs in
20% to 30% of cases and may be permanent in 1% to 4% of
cases [48–50]; and postoperative hematoma, which occurs in
1.9% to 14.3% of cases [51]. No patient in this study had
hypoparathyroidism, postoperative hematoma, or other
permanent complications, with a complication rate not
higher than that of thyroidectomy. More specifcally, 2
patients (9.1%) had temporary vocal paralysis, accepted
immediate steroid IV injection, and were transferred to the
ENT Department for follow-up, recovering within 2 hours
and 3months, respectively, without further hospitalization.
Potential mechanisms associated with vocal cord paralysis
include nerve stretching during the RFA procedure, hem-
orrhage [52], lidocaine injection, and RFA-induced thermal
injury rather than permanent nerve damage [45, 53–56]. In
addition, 1 patient (4.5%) sufered a nodular rupture, pre-
senting with redness of the neck region accompanied with
neck pain 2weeks following the RFA treatment. After re-
ceiving debridement and antibiotic treatment, the patient
recovered within 3weeks. Post-RFA BTN rupture may result
from tearing of the tumor wall and thyroid capsule at a weak
point [29, 39, 45, 56–58]. Other potential causes of nodule
rupture include large nodular size, location near the anterior
thyroid capsule, solid component, excessive RFA power, and
longer ablation time [22]. In RFA treatment of BTNs, life-
threatening complications including injury to the trachea
and esophageal rupture have not been reported [59]. Taken
together, this study reveals that the complication rate as-
sociated with RFA treatment of huge BTNs is not higher
than that of surgery, while further investigation is necessary
to evaluate the correlation between nodular size and the
aforementioned complications. Besides, a recent study
demonstrated a small risk of malignancy in thyroid nodules
>4 cm despite benign FNA results [60]. Following the 2021
Asian and 2020 European guidelines of RFA in BTNs, at

least two FNAC or core needle biopsy (CNB) was performed
to confrm the nodule’s benign nature and informed the
patients of the risk of malignancy [1, 5]. In our study, the
patients were unwilling to have surgery and fully understood
the small potential malignant result. All in all, the surgery is
the gold standard for this group of patients, and RFA is
a modality treatment for patients unable or unwilling to the
surgery.

Tis study has several limitations. First, as a retrospective
single-center study, uncontrolled bias could have been in-
troduced. Second, this study included a small group of
patients and a relatively short-term following-up period.
More patients and further long-term analysis are needed.
Tird, the treatment aims are diferent from usual-sized
nodules and other thermoablation techniques, and there
are more than 50% of them who were subjected to several
treatment sessions. It is hard to compare the efect with
previous studies. Fourth, as RFA is an operator-dependent
treatment, hardware, software, and experience may infu-
ence the ablation results. Fifth, huge BTNs exhibit more
variable and ill-defned nodular margins, and thus nodule
location close to the danger triangle area or carotid artery,
prominent peripheral vascularization [44], macro-
calcifcations, periprocedural tissue temperature [58], and
peripheral, internal vascularity are all factors potentially
infuencing VRR diferences. Further prospective studies
focused on elucidating these factors are recommended.

5. Conclusions

Tis study demonstrates that RFA is an efective alternative
treatment modality with an acceptable complication rate for
patients presenting with huge BTNs who are unable or
unwilling to undergo surgery. Critically, RFA treatment of
huge BTNs presents unique challenges to patients and
physicians, wherein incomplete resolution or relapse of
symptomatic or cosmetic issues may occur, and further
treatment sessions are usually needed. It is thus recom-
mended that physicians discuss these risks with patients
during the treatment decision-making process.
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