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Although differentiated thyroid cancer has an excellent prognosis and low mortality, its 
recurrence rate has been reported to be very high. While surgery is recommended as the standard 
treatment for recurrent thyroid cancer, reoperation may increase the incidence of complications 
due to fibrosis and anatomical distortion. In patients with high surgical risk or those who refuse 
repeated surgery, ultrasonography-guided ablation techniques including radiofrequency ablation, 
ethanol ablation, and laser ablation are suggested as alternative treatments. In this manuscript, 
we introduce an anatomy-based management concept for radiofrequency ablation for recurrent 
thyroid cancer, and present a review of the relevant literature, including indications, basic 
techniques, clinical outcomes, and complications.
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Key points: Ultrasonography-guided radiofrequency ablation is an alternative treatment for 
recurrent thyroid cancer, with good outcomes and low complication rates.
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Introduction

Differentiated thyroid cancers (DTCs), including papillary and follicular cancers, are the most common 
subtype of thyroid malignancies, representing more than 90% of cases [1]. The standard treatment for 
primary thyroid cancer is surgery and radioactive iodine (RAI) ablation followed by hormonal therapy 
[2]. DTC has an excellent prognosis and low mortality, with disease-specific survival of up to 90% at 
10-year follow-up [3]. However, the recurrence rate in the neck ranges from 20% to 59%, varying 
according to the risk of recurrence [4]. For recurrent cancers, the current guidelines recommend 
reoperation followed by RAI ablation and/or thyroid hormone therapy [3]. Although reoperation is 
suggested as a standard treatment, distortion of the normal neck anatomy and the formation of 
fibrosis may increase the incidence of complications [5]. 

Recent studies have suggested ultrasonography (US)-guided ablation techniques, including 
radiofrequency ablation (RFA), ethanol ablation, and laser ablation, as minimally invasive treatments 
for benign thyroid nodules and recurrent thyroid cancers [6,7]. There are several international 
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guidelines for the application of RFA to the thyroid. In 2012 and 
2018, the Korean Society of Thyroid Radiology (KSThR) proposed 
thyroid RFA guidelines covering a wide range of aspects of the 
treatment of benign thyroid nodules and thyroid malignancies 
[8-10], while other international societies have also published 
guidelines for the thermal ablation of benign thyroid nodules [11-
14]. Furthermore, recent studies have reviewed these international 
guidelines for RFA of benign thyroid nodules [15,16]. However, only 
the KSThR has proposed guidelines for RFA of recurrent thyroid 
cancer [8-10], while the Italian Scientific Society, European Thyroid 
Association, and Cardiovascular and Interventional Radiological 
Society of Europe have only mentioned recommendations for RFA 
of recurrent thyroid cancer [11,17]. The KSThR recommends RFA 
for curative or palliative purposes in patients with high surgical risk 
or those who refuse repeated surgery [9]. Previous studies have 
reviewed the basic ablation technique, pre-procedural evaluation, 
efficacy, and complications of RFA for recurrent thyroid cancer [7,18], 
and RFA has achieved therapeutic success of 95.1% and 99.5% in 
short-term and long-term studies, respectively [6,19]. Although many 
studies report the basic concepts and efficacy of RFA for recurrent 
thyroid cancers, there is a lack of detailed technical information on 
improving its efficacy and minimizing complications. In particular, 
although recurrent thyroid cancer can involve critical structures such 
as the trachea and skin, no studies have suggested techniques and 
treatment strategies for RFA of recurrent thyroid cancer according to 
anatomical considerations. 

Therefore, in this review, we introduce anatomy-based technical 
aspects of RFA for recurrent thyroid cancer involving specific 
locations such as the trachea, esophagus, or skin, and the 
combination of treatments for achieving clinical success. We also 
briefly review the literature available on RFA of recurrent thyroid 
cancer, including the indications, basic techniques, clinical outcomes, 
and complications. 

Indications

The KSThR guidelines [9] suggest that RFA has a role in the 
treatment of recurrent thyroid cancer in patients with high surgical 
risk and in those who wish to avoid repeated surgery. The guideline 
recommends two types of treatment strategies: curative (so-called 
complete) ablation and palliative management [9]. Curative ablation 
is defined as total ablation of any recurrent cancers visualized on 
US [7,18]. Several studies recommend performing curative ablation 
for recurrent thyroid cancers when three or fewer recurrent lesions 
are visible on neck US and there is no metastatic tumor beyond the 
neck at the time of treatment [6,20-22]. Palliative management is 
performed to treat recurrent thyroid cancer causing cosmetic and/

or symptomatic problems [7,18], or recurrent thyroid cancer with 
impending invasion of critical structures such as the trachea, skin, 
esophagus, nerves, and vessels. There is no size limit for treating 
recurrent thyroid cancer, and large recurrent cancers or those 
invading critical structures can be further treated using combination 
therapies, including external beam radiation therapy (RT) [3,23] and 
a tyrosine protein kinase inhibitor (TKI) [24-26].

Pre-procedural Evaluation

US Evaluation
Pre-procedural surveillance of recurrent thyroid cancer and adjacent 
critical structures is important for effective and safe ablation. Three 
orthogonal diameters and volumes of recurrence cancer might be 
assessed to provide a baseline set of measurements before RFA. 
Unlike the case for most benign tumors, the safety margin around 
recurrent thyroid cancers is generally insufficient, and procedure-
related complications are therefore more frequent [27,28]. Careful 
evaluation of critical structures on US may minimize the incidence 
of complications after RFA. The recurrent laryngeal nerve is the most 
commonly affected critical structure during RFA of recurrent thyroid 
cancer located in the central neck [27]. The vagus nerve is located 
within the carotid sheath and usually passes posterolaterally to 
the common carotid artery [29,30], although it shows anatomical 
variations including anterior, medial, and posterior types located 
close to the thyroid bed, which can increase the risk of complications 
during RFA [29,30]. Other critical structures, including the spinal 
accessory nerve, cervical sympathetic ganglion, phrenic nerve, 
trachea, esophagus, skin, and vessels, should also be carefully 
evaluated before RFA of recurrent thyroid cancer, and a detailed 
understanding of their anatomical locations is recommended [30]. 
After neck dissection, traumatic neuroma may be easily confused 
with recurrent thyroid cancer, and its prevalence is reported to be 
1.1%-17.8% [31-34]. Confusion between recurrent thyroid cancer 
and traumatic neuroma can cause unnecessary biopsy, surgery, and 
patient anxiety. Ablation of traumatic neuroma can induce persistent 
palsy of the associated nerve. Therefore, it is important to carefully 
evaluate the course of nerve structures and to distinguish between 
recurrent cancer and traumatic neuroma through a detailed US 
evaluation [31,32]. 

Various critical structures, especially nerves, are located in the 
central and lateral neck space, and recurrent thyroid cancer can 
occur anywhere within the neck space. Therefore, it is necessary 
to understand the anatomical location of nerves and to identify 
critical structures on US, while paying attention to prevent confusion 
between recurrent thyroid cancer and traumatic neuroma.
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Computed Tomography Evaluation
The current guidelines recommend US for the primary evaluation 
of recurrent thyroid cancer [35,36]. However, although US provides 
excellent diagnostic performance, it has limitations in the evaluation 
of deeply located and/or retropharyngeal or mediastinal lymph 
nodes [37,38]. Computed tomography (CT) can provide added 
value over US, improving diagnostic performance compared with 
US alone and providing more detailed anatomical information 
on recurrent thyroid cancer [39]. Therefore, CT can be helpful in 
treatment planning before RFA of recurrent thyroid cancer. The 
KSThR guidelines recommend thyroid-dedicated CT before RFA 
[9], and the recommended thyroid-dedicated CT protocol is posted 
on the KSThR website (https://www.thyroidimaging.kr/guidelines/
file/ct_2021_final.pdf). This recommended CT protocol involves 
early arterial-phase contrast-enhanced CT (25-40 second scan 
delay) with thin sections (2-2.5 mm). Park et al. [40] showed that 
a 25-second delayed image improved diagnostic accuracy for the 
detection of lateral cervical lymph node metastasis. The early arterial 
enhancement of metastatic lymph nodes is explained by tumor 
angiogenesis and recruitment of capsular vessels; therefore, early 
arterial-phase CT can differentiate between metastatic lymph nodes 
and benign lymph nodes [41]. Moreover, recent studies, including 
a meta-analysis, showed that thyroid CT with early arterial-phase 
images has good diagnostic performance in the evaluation of 
recurrent thyroid cancer in routine clinical practice [39,42]. 

CT evaluation can be effective for detecting recurrent thyroid 
cancer that is not covered in US evaluations, and provides more 
detailed information on critical structures near the recurrent thyroid 
cancer. For effective and safe RFA of recurrent thyroid cancer, CT 

evaluation is an indispensable part of the pre-procedural evaluation.

Technique

The Basic Techniques and Devices
The RFA guidelines recommend the following three standard 
techniques for recurrent cancers [9]: perilesional lidocaine injection, 
hydrodissection, and the moving shot technique [9].

To control pain during RFA, the current guidelines recommend 
local anesthesia rather than general anesthesia or sedation 
[9,11,13,14], with peritumoral lidocaine injection being sufficient 
for pain control (Fig. 1A) [7,18]. The moving shot technique is the 
standard method for the treatment of recurrent thyroid cancers 
[9,28]. This technique involves the unit-by-unit ablation of recurrent 
thyroid cancer, which is obtained by moving the electrode [7,9,28]. If 
the recurrent thyroid cancer is small (less than 5 mm), the electrode 
may be fixed in the center of the lesion and not moved during the 
ablation [7,18]. Recurrent thyroid cancer is usually located near 
critical structures, and careful anatomical evaluation of the recurrent 
thyroid cancer and adjacent structures is therefore needed for safe 
ablation [9]. The hydrodissection technique is mandatory to prevent 
thermal injury to critical structures, especially when recurrent 
thyroid cancers are located adjacent to critical structures. Injection 
of 0°C-4°C 5% dextrose water (DW) with iso-osmolarity and a 
nonionic composition can induce separation of recurrent thyroid 
cancer from adjacent critical structures and play a role as a thermal 
barrier (Fig. 1B) [28,43].

The modified straight internally-cooled electrodes that have 
recently been developed in Korea are shorter (7 cm) and thinner 

Fig. 1. The basic radiofrequency ablation techniques for recurrent thyroid cancer. 
A. Schematic illustration shows a perilesional lidocaine injection. Lidocaine (L) is injected into the superficial soft tissue around the tumor 
(T) for pain control. To reduce nerve palsy due to the effects of lidocaine, a small amount of lidocaine is applied near the nerve structures. 
B. Schematic illustration shows the hydrodissection technique. Dextrose water is injected between the recurrent tumor (T) and critical 
structures. A, common carotid artery; E, esophagus; M, strap muscles; N, recurrent laryngeal nerve; T, trachea; V, internal jugular vein.
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with perichondral involvement can be easily separated from the 
trachea using the hydrodissection technique, but hydrodissection 
may be limited in cases with annular ligament involvement. Being 
as important as the layer showing tumor involvement, the presence 
of intratracheal involvement is also a key point in determining the 
ablation plan (Fig. 3A) [49]. Whereas recurrent thyroid cancer with 
only an extratracheal portion can be easily treated by RFA, stent-
assisted ablation is necessary for an intratracheal tumor, with 
the tracheal stent pushing the tumor out from the intratracheal 
space (Fig. 3B) [49]. If recurrent thyroid cancer invades the trachea 
and esophagus or nerves at the same time, we recommend a 
combination therapy (RFA plus radiation therapy [RT]). Some 
previous studies recommended management of recurrent tumors by 
RT alone (or TKI alone), but this can induce fistula formation [23,50]. 
By contrast, combination therapy can prevent this complication 
because RFA before RT induces fibrosis of the treated recurrent 
tumor [49,51], and reduces the tumor burden. Combination therapy 
can be an effective and safe treatment method for recurrent thyroid 
cancer invading the trachea and esophagus or nerves (Supplementary 

(18-19 G) than conventional electrodes, and are routinely used 
for RFA [9,28]. A thin electrode of 19 G can easily approach small 
recurrent thyroid cancer and reduce soft tissue thermal injury near 
recurrent thyroid cancer [6]. Active tips have various sizes (0.38, 
0.5, 0.7, or 1.0 cm), and operators can choose an electrode tip 
size according to the size of the tumor and its relationship with 
surrounding critical structures [7]. Table 1 lists the starting ablation 
power according to active tip size based on our experience [7,44]. 
The ablation zone should have a 1-2 mm safety margin to minimize 
marginal recurrence, especially when recurrent cancers have a 
spiculated margin. The ablation of recurrent thyroid cancer should 
be terminated when all conceptual units change to transient 
hyperechoic zones [9]. 

Recurrent Thyroid Cancer Involving the Trachea and Skin 
Tracheal involvement usually occurs in the operation bed, and may 
increase the mortality rate due to airway obstruction [45]. For the 
treatment of recurrent cancer involving the trachea, anatomical 
considerations should be precedent (Fig. 2). The anterior and lateral 
walls of the trachea consist of 20 incomplete rings of hyaline 
cartilage, while the posterior wall consists of smooth muscles 
[46]. The cartilage rings are connected by annular ligaments 
consisting of dense fibrous tissue [47], whereas perichondral tissue 
consists of loose connective tissue composed of a collagenous 
and elastin protein-rich matrix [48]. Therefore, recurrent cancer 

Fig. 2. Longitudinal ultrasonography (US) of the trachea. US 
shows the tracheal cartilage (hypoechoic, white arrows), annular 
ligament (hypoechoic, black arrows), and trachea and air interface 
(hyperechoic, arrowheads). 

Trachea lumenTable 1. RF power according to active tip size
RF power (W) Active tip size (cm)

5–15 0.38

10–30 0.5

20–40 0.7

50–80 1.0

RF, radiofrequency. 

Fig. 3. Recurrent thyroid cancer involving the trachea.
A. Schematic illustration of recurrent thyroid cancer (R) with extratracheal or intratracheal involvement is shown. B. Tracheal stent pushes out 
the recurrent thyroid cancer with intratracheal involvement. S, stent; T, trachea.
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Fig. 1).
The treatment of recurrent cancer with skin involvement is 

challenging. Although skin involvement by recurrent thyroid cancer 
is not common [52-54], tumors can induce skin necrosis and blood 
oozing, causing poor quality of life. Therefore, we recommend 
early detection of skin involvement by recurrent thyroid cancer and 
management to prevent skin necrosis. Skin burns are the most 
common complication during RFA of tumors involving the skin [55]. 
For effective and safe RFA of such cancers, an understanding of 
the skin anatomy is essential. The skin is composed of three layers: 
the epidermis, dermis, and hypodermis (the so-called subcutaneous 
layer) [56,57]. In an anatomical evaluation on US, the echogenicity 
of the skin layers is divided according to tissue composition, with 
the keratin-rich epidermis showing as a hyperechoic line, the dermis 
consisting of collagen appearing as a hyperechoic band, and the 
hypodermis containing fat lobules presenting as a hypoechoic layer 
(Fig. 4) [58]. The hydrodissection technique is effective for preventing 
skin burns [55,59], while the application of an ice bag at the 
ablation site can additionally reduce this complication. The risk of 
skin burns and the effectiveness of hydrodissection during RFA differ 
according to the location and composition of the skin layers. When 
recurrent thyroid cancer involves the epidermis, hydrodissection 
is less effective because of the keratin-rich compact nature of the 
epidermis [58]. By contrast, hypodermis with tumor involvement 
can be easily separated from the dermis because the hypodermis 
is mainly composed of loose fat lobules [57]. The main problem for 
the RFA treatment strategy is tumors located in the dermis, which is 
composed of dense collagen and elastin [58]. Ablation of recurrent 
thyroid cancer involving the dermal layer therefore requires careful 
monitoring and early treatment. 

Early-stage tumors (separated from the trachea or skin by 

hydrodissection) can be easily treated by RFA. Therefore, early 
detection and treatment of tumors with tracheal or skin involvement 
are recommended. 

Post-procedural Evaluation

As in the pre-procedural US evaluation, follow-up US evaluates 
the tumor size, volume reduction rate (VRR; [(initial volume-final 
volume)×100/initial volume]), vascularity, and the development 
of new recurrent thyroid cancer or metastatic lymph nodes [9]. 
After RFA, the ablated tumor generally shows hyperechogenicity 
and decreased vascularity on color Doppler imaging. The volume 
of the ablated tumor may increase immediately after RFA due to 
edematous change and the large ablated zone over the tumor 
size, including the safety margin. After this, the volume gradually 
decreases and shows a large decline over 1-3 months [19,60]. 
Size reduction and an absence of vascularity on US are key findings 
indicating well-treated cancer. The duration of follow-up US and 
clinical evaluation are not currently clearly defined but should be 
decided on the basis of the treatment status and further treatment 
plan [6,19,60]. Although grayscale US and color Doppler US are 
primarily used to evaluate residual viable tumor portions, some 
studies suggest the value of contrast-enhanced US after ablation 
[61-63]. These studies demonstrated that contrast-enhanced US, 
which reflects microvascularization of tumor, is valuable for post-
procedural evaluation after US-guided ablation, and reported that it 
has good performance for detecting recurrence at the treated tumor 
margin [61-63].

Thyroid-dedicated CT is also recommended for post-procedural 
evaluation [9,10]. A well-treated tumor shows a size reduction 
and an absence of enhancement, and CT is therefore essential for 

Fig. 4. Ultrasonography (US) findings 
of skin layers. Doppler US shows 
recurrent thyroid cancer involving the 
subcutaneous layer of the skin.
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evaluation of treatment efficacy. Serum thyroglobulin (Tg) levels 
are also routinely evaluated during the follow-up period because 
a reduction in serum Tg levels is important for assessing treatment 
efficacy after RFA [6,19].

The relief of tumor-related symptoms is important for evaluating 
treatment efficacy, especially tumors that are large or involve critical 
structures. Because evaluating the compromise of critical structures 
is difficult, tumor-related symptom relief may reflect the effectiveness 
of ablation.

During follow-up, evaluation of treatment efficacy is important 
and helpful for making further treatment plans. Treatment efficacy 
is usually evaluated by VRR, the therapeutic success rate (VRR 
>50%), complete disappearance of the recurrent cancer on US and/
or CT, reduction of the serum Tg level, and relief of tumor-related 
symptoms [6,9,19]. Additional treatment is recommended if there 
is the presence of a power Doppler signal on follow-up US or an 
enhancing portion of the treated recurrent cancer on follow-up CT.

Clinical Outcomes

Many studies, including a meta-analysis, have revealed good clinical 
outcomes for RFA of recurrent thyroid cancers [4,6,19,64,65]. 
The general concept of the clinical outcome is well established in 
terms of curative treatment for recurrent thyroid cancer, but the 
clinical outcomes for palliative management of recurrent thyroid 
cancer are more complicated. The palliative management of tumors 
involving critical structures is more conservative because complete 
disappearance of tumors is difficult to achieve and tumors usually 
need combination therapy. 

In studies evaluating curative treatment, short-term follow-up 
[6,20,21,66,67] revealed therapeutic success rates of 75% to 95.1% 
and complete disappearance rates of 25% to 93.9%. Although the 
mean follow-up period in these studies was short (range, 10.3 to 
40.7 months), the studies showed good clinical outcomes. A recent 
meta-analysis that included 10 studies with a total of 270 patients 
(415 thyroid nodules) also supports these results; the therapeutic 
success rate was 100%, complete disappearance was noted in 
68.8%, and a reduction in the serum Tg level was noted in 71.6% 
of cases [4]. A long-term follow-up study showed more impressive 
results for clinical outcomes of RFA of recurrent thyroid cancer, with 
therapeutic success of 99.5% and complete disappearance noted in 
91.3% of cases [19]. The tumor volume typically gradually decreases 
after ablation, and further long-term studies are therefore likely to 
show better clinical outcomes for recurrent thyroid cancer. Studies 
using propensity score matching to compare RFA and surgery for 
the treatment of recurrent thyroid cancer [64,65] indicated that 
RFA may be an effective and safe alternative treatment to surgery, 

with higher recurrence-free survival rates (Table 2). Although these 
results provide evidence supporting RFA as an alternative treatment 
for recurrent thyroid cancer, the tumors included in previous studies 
were usually located in the central and/or lateral neck, and the 
clinical outcomes shown are generally for curative treatment of 
recurrent thyroid cancer. There is a lack of studies dealing with 
the clinical outcomes of palliative management of large tumors or 
tumors involving critical structures such as the trachea and skin. 
Therefore, further clinical outcome studies of such tumors are 
necessary, and they may help in making decisions on the treatment 
of recurrent thyroid cancer.

Complications

The most frequent complications following RFA are discomfort and 
pain, but these usually resolve within several minutes to hours [68]. 
Pain is sometimes felt as radiating pain to the teeth, jaw, head, 
and chest [68]. Local pain may be reduced by injection of lidocaine, 
and the operator should therefore evaluate the patient’s symptoms 
during RFA and apply lidocaine when patients complain of local 
pain [28].

Various complications have been reported following RFA, 
including pain, hemorrhage, nerve injury, and skin burns [6,9,69]. 
Major and minor complications, as well as side effects, are classified 
by the guidelines of the Society of Interventional Radiology 
(Supplementary Table 1) [68,70]. In patients undergoing RFA for 
recurrent cancers, the prevalence of total complications is reported 
to be 7.8%-10.9%, whereas the prevalence of major complications 
is reported to be 5.4%-6.7% [27,68]. 

Voice change is the most common major complication following 
ablation of recurrent cancer, with an incidence of 0.8%-8.0% in 
previous studies and a meta-analysis [27,43,68,69]. As recurrent 
cancers are smaller and have no safety margins between normal 
thyroid tissue [27,28], the rate of voice change is higher than that 
for the treatment of benign thyroid nodules [68]. Voice change is 
usually induced by injury to the recurrent laryngeal and vagus nerves 

Table 2. Studies comparing RFA and surgery
Component Sources RFA (%) Surgery (%)

1-Year RFSR Kim et al. (2015) [65] 96.0 92.2

Choi et al. (2019) [64] NA NA

3-Year RFSR Kim et al. (2015) [65] 92.6 92.2

Choi et al. (2019) [64] 100 97.9

6-Year RFSR Kim et al. (2015) [65] NA NA

Choi et al. (2019) [64] 100 97.8

RFA, radiofrequency ablation; RFSR, recurrence-free survival rate; NA, not applicable.
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[27,68]. The vagus nerve is usually detected on the US evaluation 
[29]. Therefore, it is possible to ovoid vagus nerve injury during RFA. 
However, detecting the recurrent laryngeal nerve on US, usually 
located in the tracheoesophageal groove, is difficult due to its small 
size [29]. To minimize voice change, an anatomic evaluation of nerve 
structures and careful control of the electrode tip are recommended 
for recurrent tumors near nerves, while hydrodissection techniques 
are effective for reducing thermal injury to nerve structures [28]. 
In particular, the ablation of recurrent cancer located in the 
tracheoesophageal groove can induce recurrent laryngeal nerve 
injury, so frequent checking for voice change is necessary during 
ablation. A recent retrospective study suggested that a cold 5% DW 
injection can manage thermal nerve damage during RFA [43].

Other complications induced by nerve injury have been reported 
for RFA of benign thyroid nodules, such as Horner syndrome; 
however, no such event has been reported for RFA of recurrent 
cancer [27,43,68,69]. The symptoms of Horner syndrome are 
conjunctival injection, ptosis, miosis, and anhidrosis [9,68], and it 
may be caused by thermal injury to the middle cervical sympathetic 
ganglion. Furthermore, spinal accessory nerve injury, which presents 
with limitations to shoulder movement, can be induced during RFA 
for recurrent thyroid cancer [68]. A detailed US evaluation of the 
neck is necessary to minimize nerve injury, and regular checking of 
symptoms may help to manage nerve injury. Skin burns are also a 
potential complication during RFA, especially in recurrent cancer 
involving the skin. The hydrodissection technique can reduce the 
incidence of skin burns, and the application of an ice bag is effective 
to relieve skin burns [7,18]. 

Conclusion

US-guided RFA is an alternative treatment for recurrent thyroid 
cancer, with good outcomes and low rates of complications. A 
thorough understanding of neck anatomy and the RFA procedure 
are useful for the effective treatment of patients with high surgical 
risk or those who refuse repeated surgery. 
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