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Abstract: Benign thyroid nodules (BTNs) are commonly found in general population. They are usually
asymptomatic and their incidence has increased as a result of wide-spread use of ultrasound. Benign nodules
are typically monitored clinically until they increase in size, resulting in compressive symptoms warranting
surgery. However, although surgery is generally well-tolerated and of low-risk, it is associated with a small
risk for several complications including hypothyroidism, nerve injury, hematoma, injury to other structures
and wound infection. Recently, newer minimally invasive techniques including Radiofrequency ablation (RFA)
has been introduced. RFA has a similar safety profile when compared to surgery and has shown promising
results in challenging surgical candidates. RFA for BTN is rapidly gaining popularity due to wide availability
of the radiofrequency generators, its minimally invasive nature, its preservation of thyroid function, and
lower rate of complications. As RFA is a progressive technique that is now being used more frequently, it
has opened the way to exploration of new adjunct methods to enhance its efficacy and increase the area of
ablation. Currently, more medical centers around the globe are adopting to this technique. In this review, we

discuss the latest literature on the fundamentals of RFA, indications of the procedure, and the outcomes.
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Introduction literature on its current use, and discuss future prospects of
its use for benign thyroid nodule (BTN). Due to novelty of
RFA for BTN, the use of this technique warrants expertise
before it may be effectively performed by a physician.

Radiofrequency ablation (RFA) has been used for tumors

of several organs for a long time. Recently there has been

more published data on its use for thyroid nodules (1-4). In addition, this new technique opens a broad field of
The purpose of this review article is to compile and research for the use of a non-surgical approach to benign,
comprehensively discuss the basics of the technique, review undetermined, and malignant thyroid nodules.
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Figure 1 Benign thyroid nodule, pre and post RFA (A) demonstrating an Isoechoic nodule before ablation, (B) same nodule showing

superior portion of the nodule already ablated divided by yellow line where the unablated area begins. RFA, radiofrequency ablation.

Radiofrequency

The radiofrequency generator produces a high frequency
alternate current ranging from 200 to 1,200 KHz. This
creates an oscillating electric field that increases the
movement of ions and therefore generates heat (1). This
frictional mechanism of heating subsequently increases the
tissue temperature which is the final goal of RFA.

Radiofrequency is delivered to the desired tissue via an
electrode which usually measures between 16-18G and is
internally cooled. The major technical variable is the active
tip’s size. This area of the electrode is the uncoated metal
portion that interacts with the tissue. The active tip size
has to be adequate in comparison to the size of the targeted
lesion as it affects the amount of energy delivered. The
power required for the tip to be effective depends on its
size. For example, 5 mm tip operates with 15-20 W, 10 mm
requires 30-50 W, whereas 15 mm needs 50-70 W (5).

The aim of thermal ablation is to kill tumor cells through
heat. Temperatures below 40 °C do not disrupt homeostasis,
however when the temperature reaches between 42—
45 °C (hyperthermia), cells are more susceptible to damage
by chemotherapy or radiotherapy. When temperature
increases up to 46 °C for a duration of 60 min, irreversible
cellular damage occurs. Further increasing the temperature
up to 50-52 °C for 4-6 min causes cytotoxicity. However,
instantaneous protein coagulation occurs once the
temperature is between 60-100 °C causing destruction of
cytosolic, mitochondrial, and nuclei proteins. This process
will eventually lead to coagulative necrosis within several
days. Scarring of the tissues starts once temperature reaches
above 105 °C, unfortunately this will result in decreased
energy conduction within the tissue (1,6,7).

Transmission of heat to the target lesion is key for
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effective ablation. Therefore, since the introduction of
RFA there have been several modifications to the initial
devices. A phenomenon known as heat-sink hampers the
effectiveness of ablation. This occurs when the target
lesion is in close proximity to a blood vessel which has a
cooling effect and dissipates heat. As a result, the energy
delivered is not concentrated at a certain point. However,
this phenomenon can be utilized advantageously by using
internally cooled electrodes, where the heat energy is at the
periphery and is dispersed further, and thus increasing the
ablation area. Overall, heat-sink plays a decisive role in the
ablation process (1,6,7) (Figure 1).

Indications for RFA

BTNs are being diagnosed at an increasing rate due to
wide use of ultrasound imaging. Majority of these nodules
are small and, in approximately 85% of the cases, do not
increase in size (8). However, some nodules do grow, and
this depends largely on their initial size at the time of
diagnosis (8,9). Some of these nodules become symptomatic
and lead to cosmetic problems, warranting treatment with
RFA.

Symptoms are accessed using a visual analog scale
measuring 10 cm with a score ranging from 0-10. In
comparison, the cosmetic scale is measured by the physician
(1 - no palpable mass, 2 - palpable mass, no cosmetic
problem, 3 - cosmetic problem while swallowing, 4 -
readily detected cosmetic). No cutoff size to perform RFA
is currently defined (4). However, RFA is used for nodules
exceeding 2 c¢m in size or continuously growing at follow up
or resulting in compressive symptoms with either cosmetic
or clinical concern (4,10) (Table I).
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Table 1 Workup for RFA in benign thyroid nodules

Pathologic workup

Two FNAC or CNB

At Least one FNAC or CNB for AFTN

At Least one FNAC or CNB with benign features in the US
Ultrasound workup

Thyroid: nodule features, volume, position, exposition
Neck: lymph node evaluation

Symptomatic Scale

Cosmetic Scale

Laboratory workup

Complete blood count

Coagulation test

Serum TSH

Serum free T4

Anti-TPO

Anti-Thyroglobulin

Axial imaging (CT or MRI) large substernal goiter

%MTC or 1" Scan for Autonomous Functioning Thyroid Nodules

RFA, radiofrequency ablation; FNAC; fine needle aspiration;
CNB, core needle biopsy; AFTN, autonomous functioning
thyroid nodule; US, ultrasound; TSH, thyroid function test; TPO,
thyroid peroxidase.

The benign nature of the nodule has to be determined by
fine needle aspiration (FNAC) or core needle biopsy (CNB).
The initial recommendations are that two samples needs to
be done before RFA (two FNAC, or one FNAC followed
by CNB) (11-13). Though, one pathologic sample can be
acceptable when the nodule has ultrasonographic features
highly specific for being benign (isoechoic spongiform
nodule or partially cystic with intra cystic comet tail artifact)
or it is an autonomous functioning thyroid nodule (AFTN)
(4,10,12,13).

Ultrasound assessment

Patients with thyroid nodules should have a thyroid and
cervical ultrasound exam in order to access the risk of
malignancy. The ultrasound is done to answer questions
regarding the thyroid such as: Is there a distinct thyroid
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nodule? Does the nodule have benign characteristics? What
is the nodule’s volume? What is the cystic percentage of
the nodule? Are there suspicious lymph nodes? And the
position of the nodules related to other structures (14).

It is preferred that the physician performing the
procedure should do the patient’s assessment. This will be
beneficial in anticipating technical difficulties during the
procedure. It will also help to determine the number of
ablation sessions required, selection of the tip size, and to
assess the proximity of other structures at the target lesion.
It is also advised to have a thorough discussion with the
patient regarding the possible outcomes and risk of the
procedure (4,14).

The color doppler, though not useful for malignancy
stratification, can be useful for vascular ablation and
ablation completeness assessment. Vascular ablation is a
variation of the ablation technique that addresses a specific
nutrient vessel which will reduce the risk of intranodal
bleeding or minimize the heat-sink effect of highly
vascularized nodules. Another use of the vascular assessment
is inspection of vascularization after the ablation, since
residual vascularization is one of the critical factors related
to regrowth of nodules (15,16).

Pre-op workup

Additional exams such as complete blood count and
coagulation tests are advisable. Thyroid function tests
(TSH, free T4l) will assure that the procedure will not
alter the remaining thyroid tissue function. Further testing
depends on the patient, for example axial exams (CT or
MRI) are required for sub sternal goiters. Evaluation of
complete volume of the thyroid, especially of autonomous
nodules, may be hindered when using only the ultrasound.
Therefore, additional imaging techniques such as
technetium 99m’Tc pertechnetate or a 1231 thyroid may be
useful for complete assessment.

Assessment of the cytological nature of the nodules is
also important prior to RFA. Traditionally it is advised
to perform two cytological Bethesda II FNACs or one
cytology and one CNB. The need for both studies may
be avoided when a benign exam is accompanied with
ultrasound features suggestive of benign nodules (4).
Currently, the use of molecular tests or gene expression
classifier (GEC) is not broadly accepted as an indication for
ablation of benign lesions (4,17-19).
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Figure 2 Ultrasound evolution of a right lobe mixed benign nodule. (A,B) Initial volume is 8.5 cc, (C,D) after one month the volume is
2.2 cc, (E,F) after three months the volume is 1.85 cc, (G,H) after 12 months the volume is 1.3 cc. The VRR 84.7% after 12 months. VRR,

volume reduction ratio.

Results on benign nodules

BTNs respond consistently to RFA. Typically, cystic nodules
experience an increased volume reduction when compared
to solid nodules (71% vs. 51% volume reduction ratio (VRR)
during the first month P=0.000), although this difference
is not statistically significant after 6 months (20). This can
be partially explained by the aspiration of the cystic portion
of the nodule during the procedure compared to the solid
nodules. A recent systematic review demonstrated the role
of thermal ablation in volume reduction and symptom
relief. VRR of 71% was achieved at 12 months follow up
(P<0.05) after one session of RFA (21). It was also reported
that subsequent RFA sessions increased the VRR up to 87%
at 24 months follow up (21).

There are a few variables which affect the final VRR after
patients undergo RFA. These variables include the initial
nodule volume, ultrasonographic features of the nodule, and
the number of RFA sessions. These factors influence the
amount of viable tissue left behind. Post-RFA, the average
VRR is reported to be between 64.9-93.5% (3,22-30).
However, these variables may affect the final outcome
(Figure 2).
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Nodular size has been reported to affect the VRR post-
RFA. Nodules greater than 30 ml show significantly lower
VRR than the smaller ones (57% vs. 69%) at 6 months and
12 months (63% vs. 75% respectively) follow up (21,31,32).
Rate of regrowth at an average follow up of 39 months is
reported to be 24.1% (33). Regrowth is directly related to
the effectiveness of the first ablation session and the initial
size of the nodule.

Some parameters have been reported to assess the
efficacy of RFA. Sim et 4l. (34) defined the initial ablation
rate (IAR) which is the volume of ablated tissue divided
by the total volume of the nodule. IAR rates greater than
70% are expected to have VRR greater than 50% upon
follow up (15). Vascular ablation can be used, as described
by Park et al. (29,31-34) to further increase the ablation
area (Tuble 2).

IAR may be increased by reducing the margin
of unablated tissue around the nodule. This can be
achieved through hydro dissection techniques once the
physician becomes comfortable with the procedure and
obtains thorough understanding of the difficulties and
complications. It will also protect critical structures that

might be injured by RFA (35) (Figure 3).
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Table 2 Recent series of RFA ablation of thyroid nodules
Volume reduction rate

Study Year Patients Nodules Solid Def # Sessions

6m 12m 18 m 24 m
Pacella C 2017 NA 152 70% 1-3 57% 62,1% NA NA
Cervelli R 2017 46 51 >75% 1 69.40% 78.70% 84% NA
Deandrea M 2019 215 215 >70% 1 56.20% 63% NA 67.40%
Guang Y 2019 103 194 >80% 1-3 68.78% 73.40% 74.98% 80.98%

RFA, radiofrequency ablation.

Figure 3 Ultrasound of a benign nodule with reduced margin of unablated tissue to increase the IAR (A) Initial aspect of an Isoechoic

nodule before RFA and (B) final aspect of the nodule after ablation. Also demonstrate the completeness of the treatment. AR, initial ablation

rate; RFA, radiofrequency ablation.

AFTN

The standard treatment of AFTN is surgery or radioiodine
ablation (RAI). Both treatments entail drawbacks such as
the inherent risks of surgery and hypothyroidism that can
manifest after RAIL Since the first report of RFA for an
AFTN (23) several prospective series have demonstrated
its usefulness. Sung et a/. reported significant VRR,
increase in TSH, and complete normalization of thyroid
function in 81% of the patients (5). Post-RFA thyroid
function normalization is reported between 24-82% (36)
and it correlates to nodule’s size. Cesareo et 4l. reported
that nodules measuring below 10-13cc resulted in better
normalization of thyroid function (37). Recently, a meta-
analysis endorsed this inverse relationship between nodule
size and normalization of thyroid, reporting the pooled rate

as 57% (38).
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The data referenced above supports the treatment
of AFTN as neoplastic lesions, as opposed to with an
intent of simply volume reduction. Therefore, all viable
nodular tissue should be ablated as thoroughly as possible.
Relatively, larger nodules are more challenging as some
areas remain inaccessible during the first session of RFA.
These technical challenges make RFA less effective when
treating AFTN compared to RAI or surgery.

Cost-effectiveness

In addition to the proof of efficaciousness demonstrated
above, a key question to be addressed is RFA’s cost-
effectiveness. Yue er al. conducted a retrospective cohort
analysis and reported a direct higher cost of RFA when
compared to open thyroidectomy for benign nodules (US$
2,740.00 vs. US$ 1,872.00 respectively) in China. However,
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Figure 4 Venn diagram showing contents of successful and safe
RFA. RFA, radiofrequency ablation.

all the domains of quality of life were better with RFA (39).
Additionally, Deandrea et 4/. demonstrated that nodules
below 15 ml developed higher volume reduction rates than
nodules with volumes between 15-30ml or higher. Thus,
the question is whether RFA should be initiated early in
the nodule’s natural history (16). To conclude, in order to
increase cost-effectiveness of RFA, one can either expect
natural decrease of technology costs or select nodules for
treatment which increase chances of better outcomes.

Thermal ablation technologies

There are two main available thermal ablation
technologies: RFA and Light Amplification by Stimulated
Emission of Radiation (LASER). Although there is little
data comparing both technologies, a recent meta-analysis
by Trimboli et a/. (21) demonstrated a higher VRR with
RFA in comparison to LASER at 6-, 12- and 24-months
follow-up. However, some caution is needed while
interpreting this data. First, the timeframe is different
as studies with LASER are older with longer follow-up
compared to RFA. Second, the initial nodule volume in
RFA’ studies is smaller than the nodules which underwent
LASER. Third, the LASER studies were mainly published
on European population compared to RFA, which came
out from Europe and South Korea. Therefore, further
studies are needed comparing these two techniques in
different environments and addressing the costs involved.

Discussion

RFA is a comparatively a safe and widely available

© Annals of Thyroid. All rights reserved.
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technique. It has already been used to treat malignancies of
other organs. In addition, extensive literature is available on
biological interaction and physical properties which affect
the procedure’s effectiveness such as heat-sink phenomenon
with the use of RF. Thus, it can comfortably be used and
will play a significant role in the management of thyroid
nodules.

The indication of RFA for BTNs has been established
by the Korean Radiology Society (4,11). These have been
endorsed by other international groups (12,40), and used as
inclusion criteria for almost every study on the subject. The
cornerstone of the indication is the nodule pathology as
after RFA the US features and cytological assessments are
jeopardized. Currently, this is accomplished by two FNACs
or one FNAC and one CNB (11). However, these criteria
are becoming broader after the publication of second
Korean guidelines (4,10). Uncertainty of Bethesda III and
IV limits the use of RFA on thyroid nodules. Therefore,
there is an expectation to move towards molecular tests or
gene classifier tests, and including these in the criteria once
they become readily available.

The results of RFA on benign thyroid nodules (BTNs)
are well-defined in the literature (10,31,34,41,42).
Significant reduction in nodule’s volume as well as cosmetic
and symptomatic scores is reported. In addition, thyroid
function preservation which is a desirable outcome of
RFA is also mentioned. Therefore, this minimally invasive
procedure is rapidly gaining acceptance outside South Korea
due to increased benefits along with lower complications
rates when compared to surgery (43,44).

Finally, RFA for thyroid is a specialized procedure that
requires an expert physician as it involves critical steps and
close follow up of patients. To this date, there are only a
handful of medical centers that are teaching their residents
and fellows on the use of RFA. This is largely because
detailed knowledge of ultrasound handling, RFA technique,
thyroid pathology, and neck anatomy are not fully mastered
by the mentors (Figure 4). Thus, in order to perform RFA
safely and effectively, every physician will have to seek
avenues for building competency in the relevant fields.

Conclusions

RFA for thyroid nodule is a promising and new modality
of treatment. Currently, an extensive literature is already
available including guidelines to ensure the reproducibility
and safety of the procedure. However, successful
implementation of RFA programs for thyroid requires
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thorough understanding of all aspects of the technique
including the indication, cost, complications and outcomes.
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