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Radiofrequency ablation of benign and malignant thyroid nodules:
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Abstract: Thyroid ablation techniques, both thermal and chemical, have emerged as minimally invasive
therapeutic tools to treat benign and malignant disease in the appropriate setting. Radiofrequency ablation
(RFA), in particular, has seen recent international adoption, and offers a targeted approach to thyroid nodules
in patients who may decline or are considered high risk for surgery. This review provides a summary of
updated evidence for the efficacy and safety of RFA across benign and malignant pathologies of the thyroid
gland. The most robust data available pertains to the use of RFA in benign, non-functional thyroid nodules,
in which RFA reliably results in significant volume reduction associated with improvement in compressive
and/or cosmetic concerns. Autonomously functional nodules may also be targets for RFA. However, as the
ability to achieve durable euthyroidism is variable and potentially more successful in smaller nodules, RFA
may be a more appropriate second line therapeutic approach in this population, Ablation of recurrent well-
differentiated malignancy can be offered for patients who are ineligible for surgery, particularly those with
isolated, low volume lesions. Due to anatomic changes resulting from prior surgery and the typical location
of recurrent disease, advanced techniques are often required to minimize complications in this context. The
role of RFA in primary cancer is still being explored, and, to date, has been described most extensively in
papillary microcarcinoma. Overall, the application of this technology differs according to the clinical context,
and a comprehensive understanding of the indications, considerations, and expectations in each setting are

critical to appropriate patient selection and successful procedural execution.
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Introduction nature of most thyroid pathology and the potential for long

term surgical consequences, the decisions regarding whether

Thyroid nodules are exceedingly common, being detected and when to pursue surgery can often prove complex.

in up to two-thirds of adults, and often discovered

Though generally safe and well-tolerated, thyroid surgery

incidentally (1). Though the vast majority of nodules
are benign, 7% to 15% harbor malignancy (2). Surgery,
whether open or via remote access approaches, has been the
traditional method to address thyroid malignancy as well as

symptomatic benign disease. However, due to the indolent
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does involve risk to the laryngeal nerves, parathyroid glands,
and other critical structures. Additionally, even following
lobectomy alone, lifelong thyroid hormone replacement
may be necessary in up to 38% of patients with benign
disease, and 84% with malignancy (3,4).
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Figure 1 Radiofrequency ablation of a benign thyroid nodule.
Using the trans-isthmic approach, the electrode is positioned
within the nodule and energy applied until the tissue within the
nodule becomes hyperechoic (white arrow) and the tip is slowly
withdrawn (moving shot technique). cca, common carotid artery;

abl, ablated portion of nodule.

In recent years, image-guided ablative technologies
have emerged as a less invasive therapeutic option that may
limit or avoid risks often associated with surgery, while
achieving durable volume reduction and symptomatic relief.
Tissue destruction can be achieved via thermal injury, as
with radiofrequency ablation (RFA), laser ablation (LA),
microwave ablation (MWA), and high-intensity focused
ultrasound (HIFU), or may be chemical in nature, as with
ethanol ablation. While the various thermal technologies
rely upon differing modalities of heat delivery, all achieve
the common outcome of targeted ablation that protects
critical structures and preserves normal thyroid function.
In particular, RFA has become the most globally adopted
thermal strategy (5), and is the focus of this review.

Principles of RFA

Thermal ablation of tissue is a sequence of protein
denaturation, coagulative necrosis, and eventually
vaporization that occurs at supraphysiologic temperatures.
Above 60 °C, immediate cell death is caused by cellular
membrane disruption and protein denaturation. Above
100 °C, water vaporization and tissue carbonization
occur. This creates char and coagulum at the active tip
of the probe, which impairs further ablation. Therefore,
intermediate temperatures of 50-90 °C are targeted (6).
RFA relies on an alternating current at the active tip of
a probe inserted under ultrasound guidance to generate
heat via ionic friction, which then spreads into immediate
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surrounding tissue (7). Several factors influence the delivery
of thermal injury, including: the heat sink effect mediated
by blood flow within and surrounding the target tissue, the
impedance of the tissue which resists the alternating current,
and the ability of the target tissue to conduct thermal
energy, which varies by density and water content (7). To
assure safe treatment of the entire nodule, the trans-isthmic
moving shot technique is employed (8). The active probe
is introduced through the isthmus and positioned in the
deepest portion of the nodule. Ablation proceeds as the tip is
withdrawn and evidence of echogenic change is witnessed on
ultrasound, as shown in Figure I (8).

Benign thyroid nodules

RFA is indicated for patients with benign nodules causing
compressive or cosmetic concerns, which, depending on
location and patient habitus, are generally greater than
20-30 mm in size (9-11). Smaller nodules may rarely be
candidates for ablation, but should directly correlate with
patient reported symptoms. Consensus recommends against
treating asymptomatic nodules, regardless of size (8).
The preoperative workup of these patients should include
laboratory testing for TSH, as well as two benign FNAs (8).
A single biopsy may be adequate in cases where the nodule
shows ultrasonographic features strongly associated with
benignity, such as spongiform lesions (5).

Volume reduction of 50% is considered a procedural
success, as it is often sufficient to relieve compressive
symptoms and cosmetic concerns. Average volume reduction
between 67% and 81% at 12 months are reported after
a single session of RFA (12-14). Figure 2 demonstrates
the typical appearance of a nodule treated with RFA and
expected volumetric response. With multi-year follow up and
repeat ablative sessions, average volume reduction exceeding
90% has been achieved in several studies (15-17). Nodules
with initial volume <10 mL have been shown to achieve
greater and more durable volume reduction (18). Patients,
should, therefore, be aware of the potential necessity of two
or more procedures to achieve desired outcomes depending
on initial nodule size and treatment response. RFA can also
be an effective option in the setting of prior thyroid surgery.
In a study of 20 patients with history of previous thyroid
lobectomy, RFA achieved reduction of 85.41% with no effect
on pre-procedure thyroid hormone status (19). Bilateral
nodules may also be treated effectively, though separate
sessions are recommended to maximize ablative efficacy and

safety (20).
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Figure 2 Cycle of a benign thyroid nodule treated with RFA. (A) Benign left thyroid nodule prior to treatment with RFA; (B) appearance of

treated thyroid nodule immediately following RFA; (C) appearance of thyroid nodule 12 months following treatment with RFA with 85.19%

reduction in volume. RFA, radiofrequency ablation.

Additionally, the rate of complications in patients
undergoing RFA for symptomatic thyroid nodules has been
shown to be lower than in patients undergoing surgery
(21,22). A primary advantage of RFA is the preservation
of normal thyroid parenchyma, which results in the low
risk of hypothyroidism in long term follow up (17). A
2014 study of 111 patients treated with RFA or lobectomy
reported 23% of surgical patients required daily thyroid
hormone, while no patients in the RFA group became
hypothyroid post-procedurally (23). Risk factors for long-
term post-RFA hypothyroidism include higher baseline
thyroid stimulating hormone (T'SH) levels and the presence
of thyroid peroxidase antibodies (24). Recurrent laryngeal
nerve paresis (8% versus 2.7%), and hypoparathyroidism
(5.4% versus 0%) were also lower in the RFA group (23).
Unique to RFA, nodule rupture may rarely occur weeks to
months following RFA, and presents as a sudden painful
neck swelling. Most cases of rupture may be treated
conservatively (25). Overall, RFA is increasingly recognized
as a valuable option for the patient with symptomatic or
cosmetically bothersome benign thyroid nodules.

Autonomously functioning thyroid nodules
(AFTN)

RFA has been suggested as an alternative therapy for
AFTN in patients with overt or subclinical hyperthyroidism
unwilling to undergo surgery or radioactive iodine.
However, achievement of euthyroidism without medication
is variable, and less reliable than with surgery or radioactive
iodine. Bernardi ez a/. reported 50% of patients were able
to discontinue anti-thyroid medication 12 months after a
single session of RFA (26). Systematic review of RFA in
AFTNs noted a pooled TSH normalization rate of 57%

© Annals of Thyroid. All rights reserved.

at 12 months (27). Success in treating AFTN is associated
with a volume reduction of at least 80%, and thus smaller
nodules may be more appropriately suited for monotherapy
with RFA (28).

There may additionally be a role for a combination
therapy involving RFA and radioactive iodine (RAI)
ablation. Mader er a/. reported a series of 15 patients
receiving combination RFA and RAI (29). Volume reduction
in this group was significantly improved compared with
the RAI only group, and euthyroidism was achieved in
all patients (29). Unpublished data from this same group
suggests combination therapy may also require lower I'"'
doses. As opposed to benign nodule ablation, patients with
AFTN may experience more significant changes in their
post-procedure TSH, and require attentive post-procedural
biochemical monitoring (26). Overall, as a euthyroid
outcome is less certain with RFA than with standard
therapeutic approaches, RFA is currently considered a
second line option in patients unable or unwilling to
undergo surgery or treatment with RAI (10,28).

Indeterminate nodules/follicular neoplasms

Literature concerning the role of ablative technologies
in indetermination lesions is limited. Ha ez 4/. reported
excellent results in a series of 10 patients with follicular
neoplasm <2 cm treated with RFA. Average volume
reduction of 99.5% was achieved, and 8 nodules disappeared
completely (30). Conversely, Dobrinja ez a/. performed RFA
on 6 follicular neoplasms, 2 of which regrew and ultimately
required surgery. Final surgical pathology revealed one
follicular carcinoma and one follicular neoplasm of
indeterminate malignant behavior (31). More recently, Lin
et al. utilized PET/CT to determine candidacy for RFA in

Ann Thyroid 2022;7:7 | https://dx.doi.org/10.21037/a0t-22-1



Page 4 of 7

patients with follicular neoplasm. Patients with SUVmax >5
underwent surgical resection, while nodules with SUVmax
<5 were treated with RFA. Volume reduction at 12 months
in the RFA group was 73.3 %, with no patient demonstrating
regrowth or requiring surgery. In the surgery group were
two Hurthle cell carcinomas, 2 follicular carcinomas, and
two benign lesions (32).

Importantly, the distinction of adenoma from carcinoma
in thyroid follicular lesions is based upon the presence of
capsular or vascular invasion, which can only be determined
following surgical excision. RFA and other ablative
options do not permit definitive diagnostic maneuvers,
and so are not currently considered first-line therapies
for indeterminate lesions. The simultaneous acceleration
of thyroid molecular testing (33), however, provides
opportunity to determine the evolving role of mutation
status and potential for minimally invasive treatment in
these nodules.

Recurrent malignant lesions

While surgery is the preferred approach for recurrence of
papillary thyroid cancer (PTC), patients may decline or be at
high risk for complication due to co-morbidities or surgical
history. RFA has been explored as an alternative therapy for
these select patients, and shown promising results in patients
with a limited number of small volume recurrences in the
thyroid bed and/or lateral neck. In a study of 39 patients
with 61 tumors ranging from 0.31 to 2.1 cm in greatest
diameter, volume reduction after minimum 6 months of
follow up was 95.1%. 82% of tumors completely disappeared
on ultrasound, and average serum thyroglobulin decreased
significantly (34). Recent long-term results have shown
durable treatment response. Kim et 4. reported a complete
disappearance rate of 86.1% after 3 years in patients with
local tumor recurrence under 2 cm in greatest diameter (35).
In their study of 29 patients with 46 recurrent PTC lesions,
Chung et al. reported mean volume reduction of 99.5% and
complete disappearance of 91.3% of lesions after 80 months
of follow up (36).

It should be noted that the rate of complications after
RFA is higher in treating recurrent malignancy (10.98%)
than benign nodules (1.27%) (37). This is not surprising
given the anatomic alterations that result from prior surgical
intervention, as well as the location of many recurrent
lesions. Voice change, in particular, has been reported in
nearly 8% of patients undergoing treatment for recurrent
thyroid cancer (37). Strategies to mitigate voice change have
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been proposed, including instillation of cold dextrose in the
tracheoesophageal groove until the voice has normalized (38).
Relative to revision surgery, the risk profile remains favorable.
In propensity score matching of 125 patients undergoing
repeat surgery vs. 96 receiving RFA for recurrent thyroid
cancer, Choi ez 4l. reported similar rates of voice change but
significantly higher incidence of hypoparathyroidism in the
surgery group. Locoregional recurrence in the two groups
was not significantly different (39).

Papillary microcarcinoma

There is increasing literature available regarding the
efficacy and safety of RFA in treating papillary thyroid
microcarcinoma (PTMC). Historically, treatment options
for these typically indolent tumors have included surgery,
which may involve a partial or total thyroidectomy,
and active surveillance, which has been shown to have
equivalent oncologic outcomes (40,41). However, tension
exists between the discomfort of living with a known cancer,
and wanting to avoid the risks of surgery. RFA may occupy
the space between these approaches, offering a potentially
therapeutic option with an improved safety profile relative
to surgery.

In a large retrospective study of 414 patients with PTMC,
mean volume reduction at 42 months was 98.81% with
88.41% rate of complete disappearance at last follow up (42).
Opverall tumor progression rate was 3.62%, with 10 patients
developing recurrent PTMC, 4 showing cervical metastases,
and 1 with residual PTMC. All patients with disease
progression subsequently underwent additional successful
RFA to address these lesions (42). Subsequent analyses have
shown similarly promising results over long term follow up.
In their study of 84 tumors in 74 patients, Cho et a/. reported
100% complete disappearance rate at 60 months (43).
Volume reduction of near 100% was achieved at two years,
and maintained through the conclusion of the study. No
patient developed locoregional or distant metastases or
underwent delayed surgery. Four new foci of PTMC were
detected and successfully treated with repeat RFA (43).

In comparison with surgery, RFA has been demonstrated
to incur fewer complications and result in greater post-
procedure quality of life, while maintaining similar
oncologic control. Propensity-matched cohort study of
884 patients with PTMC treated with RFA or lobectomy
and followed for four years demonstrated no significant
difference in local tumor progression or recurrence free
survival between the two groups (44). No complications
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were observed in the RFA group, while 4.5% of patients
in the surgical group experienced temporary recurrent
laryngeal nerve injury or hypocalcemia. Similarly, Zhang
et al. reported no difference in disease progression in
patients undergoing surgery vs. RFA at 64 months, but
higher rate of complications (3.8% wvs. 0%) in the surgery
group (45). Importantly, quality of life at final follow up as
measured by THYCA-QoL was significantly worse among
surgical patients, which has been confirmed in a number of
subsequent studies (45-47). While the precise role of and
candidacy for RFA in PTMC has yet to be clearly defined,
mounting evidence suggests RFA may have a legitimate
place in the treatment paradigm of these small tumors with
indolent courses.

Conclusions

Growing recognition of the importance of a precision
approach to thyroid nodules has led to the international
adoption of RFA and other ablative technologies. These
have expanded the previously narrow space between surgical
intervention and observation, providing a safe and less
invasive therapeutic alternative. With conscientious patient
selection and careful technique, RFA may be effectively
applied to a variety of benign and malignant processes of
the thyroid gland. The accumulation and analysis of efficacy
and safety data from larger and more long-term prospective
trials will more definitively establish its role relative to
surgery and surveillance in each of these contexts.
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