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Abstract

Thyroid nodules (TNs) are frequently encountered in clinical practice; they are usually asymptomatic and, 
in recent years, appear to have increased in incidence as a result of the widely use of ultrasound (US). Most 
TNs are benign; therefore, they are usually monitored clinically until they start to cause compressive symp-
toms, become cosmetically problematic, develop autonomous functions, or prove to be cytological malignan-
cies. Historically, surgery has been considered as the only therapeutic option for TNs. However, being an inva-
sive procedure, surgery - even partial thyroidectomy - for such nodules is associated with minor risks of several 
complications, including iatrogenic hypothyroidism, scarring, hematoma, dysphonia, and injury to other struc-
tures. Thus, minimally invasive US-guided techniques, such as radiofrequency ablation (RFA), have recently 
been introduced to manage TNs, and shown promising results for volume reduction of TNs and the elimination 
of hyperthyroidism due to toxic nodules. In addition, RFA has a safety profile comparable in contrast with that 
of surgery. In summary, given its relatively low complication rate, minimally invasive nature, and thyroid func-
tion preservation—as well as the wide availability of radiofrequency generators—RFA is increasingly being 
applied for the management of thyroid diseases, particularly benign TNs. I present a review of the current 
literature regarding the feasibility, efficacy, and safety of RFA for the treatment of TNs.

Key Words: Thyroid nodules; radiofrequency ablation; surgery; differentiated thyroid cancers; recur-

rent thyroid cancers; complications

Introduction

The incidence of thyroid nodules (TNs) has 
increased in recent years due to widely use of ultra-
sound (US) and other highly sensitive imaging 
modalities in clinical practice. TNs are commonly 
benign, with 2% to 6% of TNs detectable through 
palpation, 19% to 35% detectable with US, and 8% 
to 65% showing in autopsy data1, respectively. Nev-

ertheless, some patients with TNs require treatment 
for compressive symptoms, cosmetic problems, or 
potentially malignant transformation. Once TNs 
have been confirmed as benign, conventional thy-
roid-stimulating hormone (TSH)-suppressive 
therapy and surgery are preferred for the treatment of 
enlarging benign TNs (BTNs); however, both these 
treatment methods have drawbacks. Previously, thy-
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roid-hormone-suppressive medication was used in 
the hope that such suppression would decrease the 
rate of growth of the BTN. However, the efficacy 
of this therapy remains controversial given that the 
therapy might lead to iatrogenic hyperthyroidism, 
decreased bone density, atrial fibrillation, or down-
stream cardiovascular effects2,3. Surgery is consid-
ered the optimal therapy for treating symptomatic 
BTNs, yet surgery may lead to iatrogenic hypo-
parathyroidism, scar formation, recurrent laryn-
geal nerve (RLN) damage, and injuries to adjacent 
structures4. Therefore, image-guided ablation tech-
niques—such as radiofrequency ablation (RFA), 
microwave ablation (MWA), ethanol ablation (EA), 
and laser ablation (LA)—are gaining popularity for 
the treatment of BTNs.

RFA is one of the most commonly used thermal 
ablation (TA) techniques given that it is as a mini-
mally invasive treatment with promising results, has 
fewer complications than surgery, is able to preserve 
thyroid function, and involves relatively few hospi-
talization days when used to treat BTNs5,6. TA is 
used in various countries to shrink BTNs through 
the induction of tissue heating and necrosis, which 
in turn alleviate associated symptoms and cosmetic 
problems7. RFA has been demonstrated having 
high efficacy in ablation of BTNs, and decreasing 
the nodular volume up to 84.8%5,8. Furthermore, 
the applications of RFA are gradually increasing 
in number; this therapy is now used to treat para-
thyroid hyperplasia, papillary thyroid microcarci-
noma (PTMC), and metastatic lymphadenopathy. 
Although surgery is the priority therapeutic choice 
in taking into account of efficacy and prognosis 
for patients with these conditions, RFA should be 
considered a more favorable treatment in certain 
situations. In one meta-analysis of RFA for locally 
recurrent thyroid cancers (RTCs), the structurally 
curative success rate of RFA was 100% together 
with a 71.6% reduction in serum thyroglobulin9. The 
current review presents the latest research regarding 

the fundamentals of RFA and the devices, indica-
tions, and techniques especially designed to opti-
mize thyroid RFA as well as the clinical outcomes 
and complications.

Fundamentals of RFA

In RFA, oscillating electrical currents are 
administered through an electrode at a frequency of 
200 to 1200 kHz, causing ions in adjacent cells to 
continuously change direction to match the current-
generated frictional heat (50 to 100 °C) and leading 
to coagulative necrosis within a few millimeters of 
the electrode10,11. In addition, conduction heat from 
the ablated area can damage adjacent tissue as the 
heat spreads outward12. This process of thermal 
injury secondary to friction and conduction heat is 
the fundamental principle behind RFA10,13.

Radiofrequency signals are delivered to the 
target tissue through an internally cooled monopo-
lar electrode, usually of 16 to 18 gauge. The pro-
cedure starts with a US-guided fixed ablation 
technique or a moving shot technique in which the 
electrode is inserted into the TN14. In the fixed abla-
tion technique, a multi-tined expandable electrode is 
employed along the long axis of the nodule to create 
an ablation zone that forms a sphere14. By contrast, 
in the moving shot technique, an internally cooled 
electrode of variable size is commonly used; the 
needle is inserted through the isthmus, starting from 
the middle and heading in the lateral direction to 
reach the nodule, which is divided into small hypo-
thetical zones. Each zone is ablated by the tip of the 
needle, which is moved from the deepest position 
upward to the most superficial part of the nodule14. 
This technique minimizes the risk of damage to 
adjacent structures.

The moving shot technique has many advan-
tages over the fixed ablation technique14. First, it 
enables the ablation of ellipsoidal and exophytic 
areas, which are the most likely forms of TNs in 
routine practice. Second, the moving shot technique 
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provides a spheroidal ablation area and therefore is 
safer and has fewer side effects than the fixed abla-
tion technique owing to the relatively low level of 
exposure it gives and its continuous US monitoring 
of the RLN, which runs through the danger trian-
gle of the trachea, esophagus, and thyroid gland14. 
Moreover, in the moving shot technique, the needle 
is stable and does not involuntarily move, even if 
the patient swallows or talks14. Using an ex vivo 
bovine liver tissue model, a study compared these 
2 RFA techniques and found that the moving shot 
technique produced a considerably larger abla-
tion volume than did the fixed ablation technique15. 
Hence, the moving shot technique is now the more 
popular procedure for RFA in the treatment of TNs.

Throughout use of the moving shot tech-
nique, the operator must interact with the patient 
by talking to them and instructing them to swallow, 
which enables continual assessment of the status of 
the RLN. If nerve damage is suspected, the abla-
tion should be halted immediately, and the opera-
tor should consider injecting cold dextrose directly 
into the space where the damaged nerve or nerves 
are located until the symptoms have improved16. 
Finally, RFA should be terminated firstly if the 
entire area of the nodule presents hyperechoic 
signals and microbubbles on a US, and secondly the 
generator impedance increases as the tissue stiffens, 
indicating coagulative necrosis; or followed by the 
combination of these 2 phenomena occurs11,17,18.

In addition to continued shrinkage of the 
nodule over months or years, immediate shrink-
age will be appreciated. A 50% to 90% reduction 
in BTN volume is typically expected; such a reduc-
tion is variable depending on the tumor factor and 
operator19-21. A second ablation session is needed if 
a portion of the nodule is viable and has vascular-
ity, as well as if there are ongoing symptomatic or 
cosmetic concerns; this is because the underablated 
portion with vascularity has considerable potential 
of regrowing17. After these procedures, US follow-

up and clinical evaluations are suggested at 1, 3, 6, 
and 12 months and then annually up to 5 years pos-
tablation22. Moreover, the largest TN diameter, TN 
volume, TN vascularity, clinical complications, and 
cosmetic symptoms should be evaluated using data 
collected before and after the ablation22. Therapeu-
tic success is defined as a 50% volume reduction at 
12 months22. A delayed complication is defined as 
any complication detected at 1 month or more after 
RFA23.

Pre-procedural Evaluation

US is the mainstay for detecting and character-
izing a TN and providing guidance in a biopsy24. 
The size, shape, internal vascularity, echogenicity, 
margin, calcification, solid component proportion, 
and adjacent structures of each nodule should be 
carefully scrutinized in each TN case24. The nodule 
volume can be calculated using the following equa-
tion: V = πabc / 6, where V is the volume, a is the 
maximum diameter, and b and c are the 2 other 
perpendicular diameters; all 3 diameters should be 
measured through US25.

Studies have suggested that, at least, twice US-
guided fine needle aspiration (FNA) or core needle 
biopsies are required to confirm the TN to be benign 
before RFA is conducted17,20,26-28. Although slight 
differences exist in studies’ recommendations for 
the treatment of autonomously functioning TNs 
(AFTNs), one FNA biopsy result is generally suf-
ficient if the US  indicates the presence of a benign 
feature, such as encapsulation, a cyst, a spongiform 
structure, no extrathyroidal extension, or lymph-
adenopathy17,20,26-28. A 99mTc pertechnetate or a 123I 
thyroid scan can be used to differentiate AFTNs 
from autoimmune hyperthyroidism, especially in 
patients presenting with suppressed serum TSH25. 
The FNA biopsy should be repeated if suspicious 
or worrisome features show up on the US, even if 
the biopsy results were benign. Moreover, comput-
erized tomography (CT) of the neck should be con-



K. B. Tseng412

ducted if the TN volume has not been completely 
delineated through US or doubt exists regarding the 
extent of the nodule with respect to determining 
whether and the degree to which retrosternal exten-
sion is present and whether the patient is a suitable 
candidate for RFA27.

Precautious remind, prior to the ablation of 
RTCs, tumor recurrence should be confirmed 
through positive US-guided FNA cytology and 
measurements of washout thyroglobulin concentra-
tion25. US is the mainstay for assessing recurrent 
tumors and their critical surrounding structures, 
i.e., the size and characteristics of a recurrent tumor 
should be evaluated through US25. In addition, CT 
of the neck may be selectively used to evaluate a 
recurrent tumor prior to RFA25.

RFA and Nonfunctioning BTNs

Several studies have demonstrated the efficacy 
and safety of RFA for volume reduction and symp-
tomatic and cosmetic improvement with respect to 
nonfunctioning BTNs29-33. A short-term prospec-
tive cohort study indicated that the mean volume 
reduction ratio (VRR) of RFA for the treatment of 
nonfunctioning BTNs (60 solid nodules, 16 pre-
dominantly cystic nodules, and 2 cysts) was 41.5% 
and 64.7% at the 1-month and 3-month follow-ups, 
respectively29. Moreover, the corresponding ther-
apeutic success rate in the same study was 30.8% 
at the 1-month and 84.6% at the 3-month follow-
ups, respectively29. Similarly, a recent study evalu-
ated 45 BTNs in 40 patients treated with RFA and 
obtained a mean (standard deviation) VRR of 58.4 
at 1 month, 73.3 at 3 months, and 82.5 at 6 months 
(p < 0.001)30. Next, a meta-analysis of 5 studies that 
analyzed 956 nonfunctioning BTNs treated with 
RFA revealed a VRRs of 56.0% and 80.8% at the 
3-month and 6-month follow-ups, respectively31. 
Another review suggested that the short-term (6 to 
12 months) efficacy of RFA for treating nonfunc-
tioning solid BTNs ranged between 50% and 80% 

(mean VRR)32. Regarding predominantly cystic 
TNs, a recent review of 12 studies indicated VRRs 
ranging between 70% and 97.5%, with most patients 
having undergone only one RFA treatment session 
at a median follow-up time point between 6 and 12 
months33.

Long-term data have been obtained related to 
the assessment of RFA efficacy and safety in treat-
ing nonfunctioning BTNs19,21,34. A meta-analysis 
of 12 studies on RFA assessed 1,186 nonfunction-
ing solid BTNs and obtained VRRs of 68%, 75%, 
and 87% at the 6-month, 12-month, 24-month, and 
36-month follow-ups, respectively21. Moreover, the 
outcomes were more favorable for nodular volume 
smaller than 30 mL in comparison with larger 
ones (p < 0.05). In addition, significant improve-
ment in compressive symptoms (p < 0.00001) and 
cosmetic problems (p < 0.00001) were discov-
ered after RFA21. Moreover, a retrospective study 
of 216 patients with BTNs assessed the long-last-
ing effects of a single round of RFA treatment and 
obtained a median VRR of 77% after 5 years19, and 
only 12% of these patients were retreated, together 
with regrowth in only 20% of patients19. Similarly, a 
long-term study of 215 patients with BTNs reported 
that the most favorable outcomes were observed in 
nodules smaller than 10 mL after a single round of 
RFA treatment (79% early reduction and 81% reduc-
tion after 5 years)34. To sum up, an overall VRR of 
67% was observed with progressive shrinkage after 
5 years of follow-up (p < 0.0001) alongside the 
maintenance of improved compressive symptoms 
and cosmesis34.

Some US features may be predictive of RFA 
outcomes; for example, a nodule with a spongiform 
structure and intense intra-nodular and peri-nodular 
vascularity is more likely to shrink after treatment, 
whereas the presence of spot coarse calcifications 
does not constitute a concern in terms of RFA35. 
Furthermore, outcomes were less satisfactory for 
larger nodules likely because of the smaller amounts 
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of energy delivered during the treatment of such 
nodules35. Several studies have demonstrated that 
smaller nodules (volume < 10 mL) have the most 
favorable VRR after RFA treatment and also that this 
success is maintained for up to 2 years27. Addition-
ally, in one study, larger nodules (volume > 30 mL ) 
had a significantly lower VRR than did smaller ones 
at 6-month and 12-month follow-ups (57% vs. 69% 
and 63% vs. 75%, respectively)36. Generally, larger 
TNs tend to require more than one RFA session27. In 
one study, the regrowth rate after an average follow-
up period of 39 months was 24.1%37. Regrowth is 
directly associated with the effectiveness of the first 
ablation session and the initial size of the nodule36.

Notably, heterogeneity in the volumes of 
treated nodules across studies, the technical exper-
tise of the operators involved, the amount of energy 
delivered to nodules, and the learning curve associ-
ated with achieving ablation of the nodule margin 
all appear to have positive treatment effects given 
the results reported in the literature38. These results 
may serve as key guidelines for the counselling of 
patients regarding the long-term effectiveness of 
RFA and for the provision of information regard-
ing the potential need for retreatment to maintain 
desired outcomes.

RFA and Functioning BTNs

An AFTN is a predominantly benign neoplasm 
that presents as a solitary hyperfunctioning nodule 
that can cause functional abnormalities at a preva-
lence of 0.9% to 9% of all TNs39,40. Although some 
initial studies focused on nonfunctioning BTNs 
and RTCs41,42, over time, the use of RFA to treat 
AFTNs has proven suitable, especially for patients 
with subclinical or excessive hyperthyroidism43. 
Several prospective studies have demonstrated the 
effectiveness of RFA in achieving a long-term cure 
in patients with AFTNs (Table 1)44-56. Cesareo et 
al. had reported 29 patients with AFTNs that small 
nodules (<12 mL) were associated with higher inci-

dence of normalization of thyroid function compar-
ing to were medium-sized nodules (>12 mL; 86% 
vs. 45%; p < 0.001)44. In addition, de Boer et al. ana-
lyzed 21 patients with AFTNs and reported that 21 
of them (71%) exhibited TSH normalization after 
RFA at the 12-month follow-up45. Sung et al. ana-
lyzed 44 patients (23 with AFTNs and 21 with pre-
toxic nodules) and reported a significant decrease 
in mean nodule volume from 11.8 to 4.5 mL ( p < 
0.001 ) after RFA , and 81% of those patients had 
restored euthyroidism at the final follow-up46. In 
the same study, after ablation, 35 patients had cold 
or normal thyroid scintigraphy results, whereas the 
remaining 9 patients had hot nodules46. These find-
ings were consistent with those of Baek et al., who 
analyzed 9 patients (4 with AFTNs and 5 with non-
toxic nodules) 47. Similar results have been obtained 
in various studies investigating AFTNs in which a 
single session of RFA was applied, namely signifi-
cant volume reductions and the restoration of euthy-
roidism at the 12-month follow-up, with the VRR 
ranging between 73% and 86% and degree of TSH 
normalization ranging between 50% and 94%48-51.

A meta-analysis of 14 studies (involving 
patients with 411 AFTNs) revealed that RFA had 
high efficacy, namely a VRR of 69.4% and degree of 
TSH normalization of 71.2% after a mean follow-up 
duration of 12.8 months52. Moreover, none of those 
patients had developed hypothyroidism or major 
complications at the aforementioned follow-up52. 
Similarly, a significantly high VRR (79%) was dis-
covered at the 12-month follow-up in a meta-analy-
sis of 8 studies (involving 205 AFTNs)53. However, 
RFA was found to have only moderate efficacy in 
achieving TSH normalization (57%) after follow-up 
durations ranging from 6 to 24 months53.

Notably, the correlation between the baseline 
nodule volume and treatment response in patients 
with AFTNs is still controversial. In a systematic 
review, subgroup analyses performed in accordance 
with nodule volume (15, 18, and 20 mL) found no 
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significant differences in the degree of TSH normal-
ization (p = 0.54) or VRR (p = 0.94) 52. Similarly, 
Bernardi et al. recruited 30 patients with AFTNs 
and reported no significant correlation of pretreat-
ment nodule size with post-RFA response48. Hence, 
the VRR of a nodule after RFA appears to play a 
more crucial role in the achievement of TSH nor-
malization than does the baseline nodule volume. 
However, a meta-analysis suggested that the base-
line nodule volume was associated with the rate of 
TSH normalization53. However, further prospective 
studies with longer follow-up periods investigating 
the relationships between nodule volume and treat-
ment outcomes for patients with AFTNs are war-
ranted to establish the efficacy of RFA.

RFA versus Surgery for BTNs

Surgery has long served as the standard ther-
apeutic method for treating symptomatic BTNs; 
however, surgery may not always be the optimal 
choice, particularly for patients for whom iatrogenic 
hypoparathyroidism, scar formation, RLN damage, 
or injury to another structure is a concern. Jin et al. 
reported that TA is preferable to receive surgery 
because of BTN management with respect to patient 
satisfaction, postoperative quality of life, and hospi-
talization duration57. However, although the compli-
cation rates of TA and surgery are similar, compared 
with surgery, TA requires more time to achieve the 
desired volume reduction57. A meta-analysis com-
paring TA with surgery for the treatment of BTNs 
demonstrated that TA resulted in lower incidences 
of hoarseness (odds ratio [OR] = 0.33), hypothyroid-
ism (risk difference = 0.31), and postoperative pain 
(OR = 0.35) and shorter hospitalization durations 
(standard mean difference = 4.01) 58. Moreover, TA 
had more favorable postoperative cosmetic out-
comes compared with surgery (p < 0.05); however, 
the difference in symptom improvement between 
these 2 options was not significant (p = 0.58)58. In 
summary, RFA seems to be a promising therapeutic 

choice for BTNs.
Che et al. reported that RFA and surgery were 

both effective treatments for BTNs; however, the 
incidence of complications due to RFA was signifi-
cantly lower than that due to surgery (1.0% vs. 6.0%; 
p = 0.002)5. Moreover, in comparison with surgery, 
RFA resulted in lower incidences of hypothyroidism 
(0.0% vs. 71.5%), RLN injury (0.5% vs. 3.0%), and 
hypoparathyroidism (0.0% vs. 3.0%)5. However, no 
significant differences in recurrence were discov-
ered between RFA and surgery (0.05% vs. 2.5%; p = 
0.100)5. Similarly, Bernardi et al. demonstrated RFA 
to be almost as effective as surgery for eliminating 
nodule-related symptoms in patients with nonfunc-
tioning BTNs (84.6% vs. 100.0%)59. Besides, RFA 
led to fewer complications than did surgery, and 
none of the patients who underwent RFA developed 
hypothyroidism, whereas 37.5% of those who under-
went surgery subsequently required levothyroxine 
treatment. Regarding cosmetic outcomes , no dif-
ferences between RFA and surgery were reported; 
both were highly effective treatment methods for the 
vast majority of patients59. Notably, RFA revealed 
significantly less effective than surgery for the treat-
ment of AFTNs (33.3% vs. 100.0% success, respec-
tively)59.

In summary, RFA constitutes an effective 
alternative for surgery, and leads to fewer com-
plications than does surgery in the treatment of 
BTNs. However, RFA has some limitations when 
treating BTNs. First, RFA is not suitable for all 
types of TNs, particularly large BTNs, substernal 
nodules, and deeply located nodules27. Moreover, 
RFA requires months or even years to sufficiently 
reduce the volume of a large BTN. Furthermore, 
some BTNs may exhibit incomplete responses 
and local regrowth during follow-up and therefore 
may require repeat ablation or surgery, whereas 
some nodules shrink slowly but fail to completely 
recede27. Finally, pathology cannot be carried out 
with RFA intervention, and no long-term follow-up 
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data regarding the use of RFA for treating BTNs har-
boring malignant cells are available. Therefore, the 
controversy of post-procedural monitoring remains 
undetermined59.

Combined Approach for Large Toxic 
Goiters and Large BTNs

Surgery is considered the standard treatment 
method for large toxic goiters and large BTNs, and 
the current guidelines do not endorse RFA as a 
primary treatment method for either of these condi-
tions. However, an approach that combines these 2 
therapies may be an innovative solution and rapidly 
reduce the nodular volume as well as restore euthy-
roidism17,20,26. Mader et al. reported that a combina-
tion of RFA and radioiodine therapy (RIT) led to 
significantly greater thyroid volume reduction (p 
< 0.05) compared with RIT alone60. Moreover, all 
the patients analyzed in that study exhibited clini-
cal euthyroidism after the treatment, and no major 
complications or instances of discomfort were 
observed60. Similarly, a series of studies investigat-
ing large toxic nodular goiters and BTNs treated 
with local US-guided ablative approaches combined 
with RIT obtained generally favorable outcomes 
from LA61, EA62, and MWA63. Moreover, signifi-
cant volume reductions alongside the restoration 
of euthyroidism and no severe complications were 
observed in all those studies60-63.

In summary, combination of different modal-
ities appears to reduce the required dose of RIT 
and provide effective and rapid relief of compres-
sion-based symptoms. However, although ablative 
approaches appear to be appropriate complementary 
therapies alongside RIT, the most effective ablative 
procedure has yet to be determined 

RFA and Malignant TNs

Surgery has long been considered the standard 
treatment for well-differentiated thyroid cancers 
(DTCs); however, surgery carries the risk of postop-

erative hypothyroidism, anesthetic-related compli-
cations, or injury to the RLN or parathyroid glands64. 
Recent studies have demonstrated the efficacy and 
safety of RFA for treating primary PTMCs65-74 and 
RTCs42,75-82. However, few studies have investigated 
the application of RFA for the treatment of papil-
lary thyroid carcinomas (PTCs)69,83-88. For medul-
lary thyroid carcinomas (MTCs), surgery remains 
the main treatment modality; however, few case 
studies have shown RFA to be effective and safe for 
treating non-metastatic MTCs in patients who are 
not suitable for surgery89 or those with local recur-
rence after surgical resection of their MTC90. Hence, 
future studies should explore the efficacy and safety 
of RFA for treating patients with MTCs. 

The treatment of inoperable anaplastic thyroid 
carcinomas with RFA is still controversial, and pre-
liminary research is yet to reveal any benefits for 
treating such aggressive cancers with RFA91. 

The characteristics of variously relevant studies 
are summarized in Table 2.

RFA for Primary PTMCs (T1aN0M0)
Several studies have obtained promising results 

for treating primary PTMCs with RFA65-74. First, 
Lim et al. investigated the efficacy of RFA in 133 
patients with 152 PTMCs and reported a 91.4% rate 
of complete disappearance of ablated tumors after 
a mean follow-up duration of 39 months65. Further-
more, no regrowth of residual ablated tumors was 
reported among the patients whose tumors did not 
completely disappear during the follow-up period, 
and no local recurrence, lymph node (LN) metas-
tasis, or distant metastasis was detected65. Next, 
Zhang et al. reported a mean VRR of 95.8% at 12 
months and a complete disappearance rate of 10.2 
% in 92 patients with 98 PTMCs after a follow-up 
of 7.8 months66. Moreover, no local recurrence or 
LN metastasis was detected66; however, it should be 
noted that that study had a short follow-up duration. 
Ding et al. demonstrated that RFA could effectively 
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treat low-risk PTMCs, with 97.4% of the analyzed 
nodules completely disappearing without recur-
rence or hypothyroidism after a mean follow-up 
duration of 6 months67. On the basis of a mean fol-
low-up duration of 48 months, Yan et al. suggested 
that RFA can effectively ablate bilateral PTMCs; the 
mean VRR was 99.9% and the complete disappear-
ance rate was 92.0% without delayed or immediate 
complications68. Although 2.1% of the patients in 
that study developed LN metastases and 4.3% had 
PTMCs after follow-up, additional RFA was per-
formed for all recurrent lesions, and all of them sub-
sequently completely disappeared68. Similar results 
were reported by Kim et al. in a case series ana-
lyzing patients with small low-risk PTCs; at the 
48-month follow-up after RFA, the mean VRR was 
98.5%, and the complete disappearance rate was 
66.7%69.

Cho et al. investigated the long-term effi-
cacy of RFA in 74 patients with 84 PTMCs70. 
The complete disappearance rate at the 24-month 
and 60-month follow-ups was 98.8% and 100.0%, 
respectively. In addition, 4 newly developed cancers 
found in 3 patients were also ablated with RFA and 
subsequently completely disappeared70. During the 
60-month follow-up period, no local tumor pro-
gression, LN metastasis, or distant metastasis was 
discovered, and no patients underwent delayed 
surgery70. Similarly, Yan et al. evaluated the long-
term outcomes of RFA in 414 patients with unifo-
cal low-risk PTMCs71. After 42 months of follow-up 
following RFA, the complete disappearance rate 
was 88.4%, and the mean VRR was 98.8%, indicat-
ing long-term efficacy in this large cohort71. Fur-
thermore, the mean duration until recurrent PTMC 
development was 27.6 months, the overall incidence 
rate of such development was only 3.6%, and in 
almost all cases of such development, the patient 
underwent additional RFA, after which the nodules 
completely disappeared during the follow-up71. 
Next, Zhang et al. investigated the oncological effi-

cacy of RFA compared with that of thyroidectomy 
over a 60-month follow-up period for patients with 
low-risk PTMCs72. That study found that RFA was 
not inferior to surgery with respect to oncological 
outcomes and was associated with higher quality 
of life, fewer complications, and lower overall cost. 
Furthermore, a new lesion (in the remaining ipsilat-
eral lobe) developed in only 1 of the 94 patients in the 
RFA group (1.1%), and no LN metastasis was iden-
tified in the RFA group72. However, although these 
studies obtained promising results for the treatment 
of PTMCs, further research involving longer follow-
up periods is required to further validate the effi-
cacy and safety of RFA.

In a meta-analysis, Choi et al. assessed the 
efficacy and safety of all known TA techniques 
for treating PTMC; the results revealed that RFA 
resulted in the highest mean VRR (99.3%), fol-
lowed by MWA (95.3%) and then LA (88.6%; p < 
0.001)73. Although the inter-assay heterogeneity 
was significant, the pooled proportions of complete 
disappearance and recurrence of PTMC were only 
57.6% and 0.4%, respectively (p < 0.001)73. More-
over, the pooled proportions of overall and major 
complications for all TA techniques were 3.2% and 
0.7%, respectively, indicating the high safety of all 
such techniques for treating PTMCs73. Similarly, 
in a meta-analysis of 12 studies, Tong et al. inves-
tigated the efficacy and safety of RFA, MWA, and 
LA for treating 1187 patients with 1284 PTMCs74. 
All 3 modalities resulted in significantly high VRRs 
(p < 0.05). Although MWA had higher efficacy 
than the other 2 approaches, the difference was not 
significant. 

Moreover, the pooled proportions of com-
plete disappearance after RFA, MWA, and LA were 
76.2%, 62.9%, and 57.3%, respectively, and a lower 
proportion of recurrence was detected after RFA 
(0.01%) than after MWA (0.85%) or LA (1.9%)74. 
Finally, no distant metastasis was detected during 
the follow-up in any of the analyzed studies, and 



K. B. Tseng420

the pooled proportions of complications encoun-
tered were low and similar among the 3 therapeutic 
methods (p > 0.05)74.

In summary, several certain studies have indi-
cated the feasibility of RFA for the treatment of 
primary PTMCs, but some evidences still have 
shown probably incomplete treatment92-94. Kim et 
al. reported a patient with primary PTC who under-
went RFA before reliably cytological evidence with 
subsequently surgery because of incomplete RFA 
treatment92. In addition, Sun et al. reported that in 
6 of 11 cases of PTMCs (54.5%) treated with RFA, 
and surgery was later done with pathological evi-
dence of residual LN metastasis93. Similarly, Ma et 
al. reported 3 cases of PTMCs that required surgery 
because of residual tumors revealed through his-
topathology after incomplete RFA treatment94. 
Although prior RFA study shows promising results 
for the treatment of PTMCs, caution should be exer-
cised during the evaluation of lesions before RFA. 
New adjuncts, such as US elastography and con-
trast-enhanced US, should be employed to deter-
mine the completeness of such procedure33.

RFA for PTCs (T1bN0M0)

Although RFA has yielded promising results 
for the treatment of primary PTMCs65-74, few 
studies have investigated the application of RFA to 
the management of T1bN0M0 PTCs. One possible 
explanation for this research gap is the higher risk 
of recurrence of DTCs (T1b) compared with that of 
DTCs (T1a)83. In one meta-analysis of 21 studies 
that analyzed 219,291 patients with welldifferen-
tiated thyroid cancers, Zhang et al. reported that 
DTCs (T1b) had higher risks of recurrence (OR = 
1.520; p < 0.05) and mortality (OR = 1.504; p < 0.05) 
than did DTCs (T1a)83. Moreover, when DTCs were 
divided into subcategories titled S1 (≤1 cm) and S2 
(1 to 2 cm ), S2 was associated with more aggres-
sive histological features than was S1, including 
extrathyroidal extension ( OR = 2.575 ; p < 0.05), 

bilateral extension (OR = 2.278; p < 0.05), vascular 
invasion (OR = 4.494 ; p < 0.05), and LN metastasis 
(OR = 1.12; p < 0.05)83. Hence, further prospective 
research is required to determine whether tumor 
size is related to the prognosis of DTCs.

Although a few studies have investigated the 
efficacy of RFA for treating PTCs, a growing body 
of research suggests that RFA obtains promising 
results for treating patients with PTCs (T1bN0M0), 
particularly those who are ineligible for or unwilling 
to undergo surgery69,84-88. First, Kim et al. reported 
that RFA is an effective and safe modality for con-
trolling not only PTMCs but also low-risk small 
PTCs. However, it should be noted that the patients 
in that study were elderly and ineligible for surgery 
and that only 2 of the analyzed PTCs were larger 
than 1 cm in diameter69. Xiao et al. analyzed 66 
patients with PTCs (T1bN0M0) who were ineligible 
for surgery and reported that RFA had high efficacy 
(97.0%), with the mean VRR being 99.1% and with 
57.6% of the analyzed tumors having disappeared at 
the 30-month follow-up84. Next, Cao et al. studied 
847 patients with solitary PTCs (T1N0M0); of 
these patients, 202 underwent RFA, 645 underwent 
MWA, and complete disappearance of their tumors 
was achieved in 68% (69.0% in the T1a group and 
64% in the T1b group; p < 0.001) 85. Moreover, the 
disease progression rate was 1.1 % after ablation 
(0.9% in the T1a group and 1.7% in the T1b group; p 
= 0.54)85. In another study, Cao et al. analyzed 172 
patients with PTCs (T1bN0M0) treated with RFA 
and reported that over a mean follow-up duration of 
24.9 months, the complete tumor disappearance rate 
was 61.6%86. Moreover, the LN metastasis rate was 
only 0.6%, and the new tumor rate was only 1.2%86.

Additionally, Xiao et al. compared RFA 
with surgery in 182 patients with solitary PTCs 
(T1bN0M0) and reported no significant differences 
between the 2 treatment groups in terms of local 
tumor progression or complications87. Moreover, 
4.4% of the patients in the RFA group developed 



Safety and Efficacy of Radiofrequency Ablation for the Treatment of Thyroid Nodules: Review of the Literature 421

local tumor progression (3 persistent PTCs and 1 
LN metastasis), whereas in the surgery group, 2.2% 
of the patients had LN metastases. No recurrent or 
persistent PTCs had been discovered over a mean 
follow-up duration of 25 months87. Regarding com-
plications, 4.4% of the patients in the surgery group 
developed permanent hypoparathyroidism, whereas 
no major or minor complications were observed in 
the RFA group87. These findings were consistent 
with those of He et al., who investigated a series of 
204 patients88. Hence, RFA appears to be a feasible, 
effective, and safe treatment option for patients with 
solitary PTCs (T1bN0M0) who are ineligible for 
or unwilling to undergo surgery. However, further 
research is required to compare RFA with unilat-
eral or total thyroidectomy in patients with PTCs 
(T1bN0M0).

RFA for Follicular Thyroid Neoplasm
The use of RFA for treating follicular thyroid 

neoplasm is currently controversial because surgical 
resection remains the standard treatment for elimi-
nating the presence of vascular or capsular and thus 
reaching a definitive diagnosis. According to the 
guidelines of the American Thyroid Association3 
and the Korean Society of Thyroid Radiology7, RFA 
is not recommended for the management of follicu-
lar neoplasm because no evidence suggests that it 
has clinical benefits in this respect. Moreover, the 
amount of clinical research on RFA for the treatment 
of follicular neoplasm remains limited. One study 
that analyzed 10 patients with follicular neoplasm 
less than 2 cm in size reported that RFA may be an 
effective and safe treatment method for such cases 
and that no recurrence was observed within a mean 
follow-up duration of 5 years95. Furthermore, the 
mean VRR was 99%, and 80% of the ablated tumors 
in that study disappeared completely during the fol-
low-up95. A recent 10-month study employing posi-
tron emission tomography and involving 28 patients 
with follicular neoplasm reported that RFA was an 

effective and safe alternative treatment option for 
selected patients with a low standard uptake score96. 
Another study suggested that RFA may be suitable 
for patients at low risk of follicular neoplasm so long 
as they are observed closely given the minor risk 
of cancer involved97. Nevertheless, the number of 
studies that have determined that a minimally inva-
sive treatment such as RFA is effective for treating 
follicular neoplasm remains insufficient. Similar 
to most preliminary conclusion, further research is 
required to clarify whether RFA should be recom-
mended as a treatment for patients with follicular 
neoplasm.

RFA for RTCs
DTC tends to have a positive prognosis; 

however, the incidence of local or distant recurrence 
has been 30% in some series and depends on patient- 
and tumor-related risk factors98. Such recurrence 
necessitates further surgical treatment followed by 
cycles of RAI therapy, external beam radiotherapy, 
or chemotherapy3. Repeat surgery to treat RTC can 
be challenged because edematous change, scarring, 
and the friability of tissue alongside distortion of 
landmarks made such repetition more hazardous99. 
Hence, instead of revision surgery, which may result 
in severe complications, minimally intensive tech-
niques, such as RFA, can be used instead as sub-
stitutive approaches for patients who are ineligible 
for surgery or unwilling to undergo another surgery.

Lim et al. reported that RFA was effective for 
the treatment of loco-regionally recurrent PTCs, 
obtaining a mean VRR of 95.1% and the complete 
disappearance of 82.0% of the treated tumors after 
a mean follow-up duration of 26 months75. Next, 
Chung et al. reported long-term efficacy of RFA 
for treating locally recurrent PTCs; the mean VRR 
was 99.5%, and 91.3% of the treated tumors com-
pletely disappeared76. Baek et al. showed RFA to 
be effective for treating metastatic well-differenti-
ated thyroid cancers (WDTCs), obtaining a mean 
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VRR of 90% and the complete disappearance of 
approximately 50% of the treated tumors77. This 
finding was similar to those results from Monchik 
et al.42 and Guenette et al.78 Similarly, Chegeni et al. 
assessed the efficacy of RFA for treating 103 RTCs 
(81 DTCs and 22 MTCs) and reported a mean VRR 
of 91% and the complete disappearance of 62.0% 
of the treated tumors after a mean follow-up dura-
tion of 23 months79. Moreover, the recurrence-free 
survival rate was 77.1% (11 recurrences: 7 DTCs 
and 4 MTCs), and the overall mean recurrence-
free survival duration was 34.6 months79. Likewise, 
Lee et al. evaluated the efficacy of loco-regional 
recurrence of WDTCs (34 PTCs and 1 MTC) and 
reported a mean VRR of 96.4% and the complete 
disappearance of 94.0% of the treated tumors after a 
mean follow-up duration of 30 months80.

Studies have shown that the effectiveness levels 
of RFA and repeat surgery for the treatment of local 
RTCs are comparable. Kim et al. evaluated RFA for 
locally recurrent PTCs smaller than 2 cm by com-
paring these PTCs with others treated with repeat 
surgery. The recurrence-free survival rates at the 
1-year and 3-year follow-ups were comparable (p = 
0.681) for RFA (96.0% and 92.6%, respectively) and 
repeated surgery (92.2% and 92.2%, respectively)81. 
Moreover, after treatment, the hoarseness rates were 
similar for RFA (7.3%) and repeated surgery (9.0%; 
p = 0.812); however, hypocalcemia developed only 
in the repeated surgery group (11.6%) and not in the 
RFA group (0%; p = 0.083)81. Similar results were 
reported by Choi et al., who compared the efficacy 
and resulting complications of RFA and repeated 
surgery in patients with locally recurrent PTCs. 
After propensity score matching, the recurrence-
free survival rates were similar between the 2 groups 
(p = 0.2), and the 3- and 6-year recurrence-free sur-
vival rates were 100% and 97.9% for the RFA group, 
and 100% and 97.8% for the surgery group, respec-
tively 82. Moreover, the major complications in the 
RFA group was smaller than that in the surgery 

group (3.1% vs. 31.2%; p < 0.001)82. Hence, com-
pared with reoperation, which may lead to severe 
complications, RFA could be a favorable alterna-
tive that yields similar or favorable results for the 
treatment of local RTCs. However, larger-scale pro-
spective studies with longer follow-up periods are 
needed to validate RFA’s superiority over surgery in 
patients with local RTCs.

Adverse Events Due to RFA

Compared with surgery, RFA leads to fewer 
complications and shorter hospitalization durations 
and is less likely to result in post-procedural thyroid 
hormone replacement in certain patients5. It should 
be noted that some complications associated with 
RFA have been observed, but these complications 
can usually be managed conservatively through the 
administration of analgesics or antibiotics.

In a retrospective study, Kim et al. evaluated 
the complication rate in 875 patients who underwent 
RFA for BTNs (746 patients; 83.5%) or RTCs (129 
patients; 14.7%). The overall complication rate was 
3.5%, and the major complication rate was 1.6%. 
Furthermore, the major complication rate in the 
RTC group was significantly higher than that in the 
BTN group (5.4% vs. 0.9%; p = 0.002); these major 
complications included transient voice change (0.8% 
vs. 0.7%), permanent voice change (2.3% vs. 0.0%), 
nodule rupture requiring drainage (0.0% vs. 0.1%), 
Horner syndrome (0.0% vs. 0.1%), and spinal acces-
sory nerve injury (2.3 % vs. 0.0%). However, no sig-
nificant differences were discovered in the minor 
complication rate100. Similarly, in a systemic review, 
Chung et al. reported that RFA had an overall com-
plication rate of 2.48% and a major complication rate 
of 1.35%, with voice change being the most common 
major complication (1.44%, 35/2421 patients), fol-
lowed by post-RFA nodule rupture (0.17%, 4/2421 
patients)101. Additionally, a subgroup analysis in the 
same study revealed that the overall and major com-
plication rates for RTCs were significantly higher 
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than the corresponding rates for BTNs ( P = 0.0011 
and 0.0038, respectively )101.

Finally, a systemic review of 32 studies cover-
ing 3,409 patients revealed that the most common 
minor complications included transient pain, the 
incidence of which was 2.6% to 17.5 %102. Other 
reported minor complications—including transient 
thyroiditis, skin burns, hematoma, and vomiting—
were also observed, albeit less frequently100-102.

In summary, although RFA can cause various 
complications, severe adverse complications appear 
to be rare. To minimize the incidence of complica-
tions and sequelae, the broad spectrum of possible 
complications must be understood, and all available 
preventative techniques must be considered.

Conclusion

The current scientific literature indicates that 
RFA could be considered as an effective, safe, and 
efficient treatment in terms of goiter volume reduc-
tion, compressive symptom resolution, and cosmetic 
improvement for both BTNs and AFTNs. However, 
nodular regrowth remains poor understood and 
continuous monitoring of ablated nodules after the 
initial procedure is warranted. Moreover, a final 
pathology test will not be available, while no long-
term follow-up data regarding the use of RFA to 
treat BTNs harboring malignant cells are available; 
therefore, how best to monitor such cases remains 
undetermined. Additionally, RFA has been demon-
strated to be effective and safe for long-term local 
tumor control for primary PTMCs in patients who 
do not wish to undergo active surveillance or who 
are ineligible for surgery. Currently, not much evi-
dence sheds light on the effectiveness of RFA for 
PTCs. In certain clinical situations, RFA may be 
used in patients with small PTCs or those with recur-
rent DTCs in the neck who are unwilling to undergo 
repeat surgery or have high surgical risk. Of course, 
further research is required to better define the role 
of RFA for the treatment of malignant TNs.
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運用射頻消融術來治療甲狀腺結節之安全性及效能：

文獻回顧

曾國賓

義大癌治療醫院　內科部內分泌暨新陳代謝科

義守大學醫學院

摘要

甲狀腺結節常見於臨床實務中，它們通常是無症狀；同時，這幾年來由於超音波的廣泛

運用之結果，使得甲狀腺結節發現率似乎有增加的趨勢。大多數的甲狀腺結節是良性的，因

此，它們在臨床上通常被嚴密監控直到開始出現有壓迫症狀、產生美觀問題、發展出自主性

甲狀腺機能亢進或者在細胞學上被證明是惡性腫瘤為止。從歷史角度，手術切除曾被認為是

治療甲狀腺結節的唯一選項。然而，作為一種侵入性治療方式，手術切除甲狀腺結節即便只

是部分甲狀腺切除，仍然會出現許多輕微的併發症之風險，譬如說醫源性甲狀腺機能低下、

疤痕、血腫、發音困難以及其它結構上的受傷等等。因此，利用超音波為導引的微創技術，

譬如射頻消融術，近來已被引進來治療甲狀腺結節，已顯示包括在甲狀腺結節容積之縮減、

毒性結節性甲狀腺腫引起的機能亢進之消除和甲狀腺結節壓迫引起的症狀之改善 ;而且，射頻
消融術在安全性方面則與手術治療相當。總而言之，由於相對上有較低的併發症之機率、微

創之特性和保存正常甲狀腺機能加上射頻消融產生器的廣泛可取得性，射頻消融術已逐漸被

運用來治療甲狀腺疾病，特別是良性甲狀腺結節的治療上。本篇論文旨在回顧當前文獻來討

論運用射頻消融術來治療甲狀腺結節之可行性、效能和安全性。


