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Purpose: Thermal ablation is a novel treatment alternative for benign thyroid nodules, and one
of the most promising thermal ablation techniques is radiofrequency ablation (RFA). Considering
the increasing use of thyroid RFA, some scientific societies have proposed clinical practice
guidelines. We systemically reviewed and compared these guidelines for thyroid RFA to identify a
standard treatment strategy that represents the positions of most societies.

Methods: We searched the MEDLINE and EMBASE databases for studies with human participants
that were published in English between January 1, 2000 and August 2, 2019. Studies containing
clinical practice guidelines for the RFA of benign thyroid nodules were included. We extracted
data regarding indications, pre- and post-procedural evaluations, treatment techniques, and the
need to obtain informed consent.

Results: Of the 83 studies found, four studies were included, and one study was added
after searching the bibliographies of those articles. The five included studies were guidelines
developed by the Korean Society of Thyroid Radiology, a group of experts from ltalian scientific
societies, the Italian Working Group on Minimally Invasive Treatments of the Thyroid, the United
Kingdom's National Institute for Health and Clinical Excellence, and a group of four professional
Austrian thyroid associations. Indications, pre- and post-procedural evaluations, and techniques
were similar across studies; however, differences in each of these categories were found.
Conclusion: While the reviewed guidelines are similar with regard to major categories,
international guidelines for the RFA of benign thyroid nodules should be established in the
future.
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Introduction

Thermal ablation is a promising alternative to surgery for the
treatment of benign thyroid nodules [1-5]. Of the various thermal
ablation techniques, radiofrequency ablation (RFA) is one of the
most popular treatment modalities for benign thyroid nodules
[6-8]. Previous studies [2,9-11] have demonstrated that RFA is
relatively safe and effective, with an acceptable complication rate.
International societies have established recommendations and
guidelines for the RFA of thyroid nodules. However, the existence of
several differences among the numerous sets of practice guidelines
may cause confusion among practitioners. An understanding of
these differences may help operators in different countries to
improve the use of thyroid RFA in their daily practice.

Therefore, we aimed to systematically review and compare the
available clinical practice guidelines, opinions, and recommendations
for the standardization of thyroid RFA.

Materials and Methods

This systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement [12].

Literature Search

A systematic literature search of the MEDLINE and EMBASE
international databases was performed using the following
keywords: ("thyroid" AND ("radiofrequency ablation" OR "RF
ablation" OR "RFA") AND ("guideline” OR "recommendation”
OR "opinion" OR "statement")). Our search was limited to studies
with human participants that were published in English between
January 1, 2000 and August 2, 2019. To expand the search, the
bibliographies of the studies were screened to identify other
appropriate articles [13]. Two radiologists (M.K.L. and C.H.S.), each
with 5 years of experience, independently searched the literature
and selected appropriate studies for review. If the two radiologists
could not reach a consensus, a third radiologist (J.H.B., with 25
years of experience) contributed to the review to help make a final
decision. The reviewers were not blinded to authors, institutions,
journals, or interventions while selecting studies or extracting data.

Inclusion Criteria

We included studies or subsets of studies that satisfied the
following criteria: (1) population and intervention: individuals
with benign thyroid nodules and image-guided RFA, respectively;
(2) study design: clinical practice guidelines (opinion statement,
recommendations, or guidelines); and (3) outcomes: indications, pre-
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and post-procedural evaluations, techniques, and the need to obtain
informed consent.

Exclusion Criteria

Studies or subsets of studies were eliminated based on the following
exclusion criteria: (1) case reports or case series, editorials, letters, or
conference abstracts; (2) studies outside the field of interest; and (3)
studies not dealing with guidelines or recommendations for RFA.

Data Extraction

We extracted the following data from the selected studies using
standardized data forms: (1) study characteristics (authors, year
of publication, and affiliation); (2) indications (nonfunctioning
benign thyroid nodule, autonomously functioning thyroid nodule
(AFTN), and additional treatment); (3) pre- and post-procedural
evaluations (imaging technique, symptom and cosmetic scores,
laboratory findings, and others); (4) RFA technique (local anesthesia,
needle insertion technique, moving-shot technique, and advanced
techniques); and (5) the need to obtain informed consent. The data
were extracted by one reviewer (M.K.L.), and two separate reviewers
(E.J.H. and J.H.B.) checked the accuracy of the extracted data.

Comparison of the Thyroid RFA Guidelines of International
Societies

We compared the sets of practice guidelines with regard to
indications, pre- and post-procedural evaluations, techniques, and
the need to obtain informed consent. The terminology used in this
review was based on recent recommendations [14].

Results

Literature Search

Fig. 1 shows the process of study selection. Using the MEDLINE
and EMBASE databases, we identified 83 studies, eight of which
were eliminated as duplicates. Among the resulting 75 studies, 63
articles were excluded after review of the titles and abstracts. One
study [13] was added after searching the bibliographies of these
articles. After full-text review, eight additional studies were excluded
either because they were not related to the field of interest (n=2) or
because they did not include new guidelines or recommendations
(n=6). After all exclusions, we included five studies for further review
and comparison.

Characteristics of the Included Studies

Table 1 presents the characteristics of the five included studies in
detail. These studies constitute sets of practice guidelines developed
by the Korean Society of Thyroid Radiology (KSThR), a group of
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Table 1. Characteristics of the included studies

International society or Year of

societies publication Sl
Korea KSThR 2018  Kimetal.[14]
Italy Italian scientific societies” 2015  Garberoglio et
al.[16]
MITT 2019 Papinietal. [15]
United  NICE 2016 NA
Kingdom
Austria Austrian Thyroid Association, 2020  Dobnig et al.

Austrian Endocrine Society, [17]
Surgical Endocrinology Working

Group of the Austrian Surgical

Society, and Austrian Society of

Nuclear Medicine

KSThR, Korean Society of Thyroid Radiology; MITT, Italian Working Group on
Minimally Invasive Treatments of the Thyroid; NICE, National Institute for Health and
Clinical Excellence in the United Kingdom; NA, not applicable.

IThe Italian scientific societies include the Societa Italiana di Ultrasonologia in
Medicina e Biologia, the Societa Italiana di Endocrinologia, the Associazione Medici
Endocrinologi, the Societa Italiana di Radiologia Medica, the Club delle Unita di
Endocrinochirurgia Italiane, the Societa Italiana di Chirurgia, and the Associazione
Italiana di Medicina Nucleare.

experts from Italian scientific societies, the Italian Working Group on
Minimally Invasive Treatments of the Thyroid, the United Kingdom's
National Institute for Health and Clinical Excellence (NICE), and a
group of four Austrian professional thyroid associations [13-17].
The KSThR, an organization of thyroid radiologists in Korea that is
primarily involved in the diagnosis and treatment of thyroid nodules,
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Fig. 1. Flow diagram of the study selection
process.

proposed initial recommendations for thyroid RFA in 2009 [6]. Since
then, several relevant studies have been published, and updates
have been made in light of additional evidence regarding thyroid
RFA. In response to the growing body of scientific research in this
area, the KSThR revised its recommendations for thyroid RFA in
2012 and 2018. The revised recommendations cover a wide range of
subjects including indications, pre-procedural evaluations, procedural
techniques, monitoring and follow-up, efficacy, and safety [2,14,18].

In 2015, a group of experts from Italian societies published the
first Italian opinion statement on the indications for thyroid RFA [16].
In 2018, the Italian Working Group on Minimally Invasive Treatments
of the Thyroid proposed the Delphi-based consensus statement for
image-guided thyroid ablation [15]. We included these two articles
in this systematic review [15,16].

In 2019, four professional Austrian thyroid associations Austrian
Thyroid Association, Austrian Society for Nuclear Medicine and
Molecular Imaging, Austrian Society for Endocrinology and
Metabolism, and Surgical Endocrinology Working Group of
the Austrian Surgical Society published a joint interdisciplinary
statement on the RFA of thyroid nodules [17]. They aimed to use
these guidelines for thyroid RFA training, execution, and quality
control, while providing pre- and post-interventional standards of
care in Austria.

In 2016, the NICE, an executive non-departmental public body
of the Department of Health in the United Kingdom [19], also
published guidance for the RFA of benign thyroid nodules. They
prepared an overview of the evidence-based recommendations
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developed by independent committees and established national
guidelines and suggestions to improve health and social care. These
guidelines were based on a review of medical articles and expert
opinions and have been endorsed by Healthcare Improvement
Scotland, a Scottish governmental healthcare organization. In 2016,
the NICE published guidance regarding RFA for the treatment
of benign thyroid nodules [13]. We manually added these NICE
guidelines to a summary document in this systematic review.

Indications
Table 2 shows the similarities and differences among the guidelines
with regard to indications. All guidelines [13-17] recommend RFA
for patients with benign thyroid nodules who are concerned about
symptoms and/or cosmetic problems. Although most benign thyroid
nodules are asymptomatic, large nodules can cause compressive
symptoms, including dysphasia, throat discomfort, foreign body
sensation, pain, and cough, as well as cosmetic problems [20].
Therefore, the purpose of RFA is to relieve these symptoms and
cosmetic issues. A symptom score is recorded by the patient using a
10-cm visual analog scale (grade 0 to 10) [20,21], and a cosmetic
score is measured by a physician according to the following grades: 1,
no palpable mass; 2, a palpable mass without cosmetic problems; 3,
a cosmetic problem only during swallowing; and 4, a nodule that is
visible with the naked eye [20,21].

Regarding nodule size, neither the NICE nor the Austrian societies

Table 2. Indications for RFA

Indication Korea Italy Austria pnited
Kingdom

Symptoms or cosmetic Y Y Y Y
problems
AFTN (toxic or pre-toxic) Y y? Yo NA
Cytopathologic
confirmation

Two benign results Y Y Y Y

One benign result K-TIRADS 2 EU-TIRADS 2,3Y  NA NA

or AFTN or AFTN
Additional RFA Y Y NA NA

RFA, radiofrequency ablation; Y, recommended; AFTN, autonomously functioning
thyroid nodule; NA, not applicable; K-TIRADS, Korean Thyroid Imaging Reporting and
Data System; EU-TIRADS, European Thyroid Imaging Reporting and Data System;
KSThR, Korean Society of Thyroid Radiology.

IThe quidelines published by the Italian societies recommend a combination of RFA
and iodine treatment for large AFTNs. "Not recommended in cases of large (>15
mL) or multifocal AFTNs. “All societies recommended using fine-needle aspiration
for cytopathologic confirmation. Only the KSThR recommended core-needle biopsy
as an additional cytopathologic confirmation technique. ?K-TIRADS 2: isoechoic
spongiform nodule or partially cystic nodule with intracystic comet tail artifact. “EU-
TIRADS 2, 3: entire spongiform or ovoid and smooth isoechoic or hyperechoic nodule
without highly suspicious ultrasound features.
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provide any criteria for treatment [13,17]. The Italian scientific
societies recommend RFA for large nodules (volume >20 mL)
with local symptoms or cosmetic problems [16]. Although the
KSThR guidelines are primarily focused on symptoms and cosmetic
problems, they suggest that a continuously growing nodule larger
than 2 cm can be considered for RFA [14]. Regarding AFTNSs, all
societies [14-17] except the NICE recommend RFA as a therapeutic
option. However, the Austrian societies [17] do not recommend
RFA for larger (>15 mL) or multifocal AFTNs; the Italian societies
[16] share that recommendation, while also advising radioiodine
treatment for large AFTNs (volume >20 mL).

All societies [13-17] recommend cytopathologically confirming
the benignity of the lesion at least twice using fine-needle aspiration
(FNA) or core-needle biopsy (CNB) [22,23]. According to the KSThR
[14], a single diagnosis of benignity is permitted in cases of thyroid
nodules demonstrating highly specific benign ultrasound (US)
features (that is, isoechoic spongiform nodules or partially cystic
nodules with intracystic comet tail artifacts) and in cases of AFTN.
Similarly, the Italian societies [15,16] accept a single cytopathology
result in nodules demonstrating benign features or low-risk
presentations on US examination (that is, entire spongiform or ovoid
and smooth isoechoic/hyperechoic nodules without highly suspicious
US features) or in cases of AFTN. The KSThR and the group of Italian
societies recommend ethanol ablation as the first line of treatment
for a pure cyst or a predominantly cystic nodule [14-16,24].
However, the KSThR and Italian MITT group recommend RFA in
patients with symptoms that are incompletely resolved or that recur
after ethanol ablation [14,15,25].

Additional treatment is proposed by the KSThR and the Italian
societies [14,15] in cases when the treated nodule shows marginal
regrowth, a volume reduction of <50%, or an incomplete resolution
or relapse of symptoms or cosmetic problems [14,15].

Pre-procedural Evaluation

Table 3 shows recommendations for pre-procedural evaluations
for RFA. All societies [13-17] recommend careful evaluation of US
features before treatment. US evaluation is important to characterize
the nodule size, composition, vascularity, and presence or absence
of cervical lymph nodes, as well as the relationships between critical
structures and the thyroid nodule [13-17]. RFA of thyroid nodules
with suspicious US features should be performed carefully [22,26].
Even if the thyroid nodule was initially diagnosed as benign via FNA
or CNB, the rate of malignancy is relatively high in thyroid nodules
with suspicious US features [22]. The KSThR and the Austrian
societies [14,17] recommend repeat US-guided biopsy of thyroid
nodules with suspicious US features, and the Italian and Austrian
societies recommend performing repeat FNA for fast-growing
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Table 3. Consensus recommendations from international societies for pre- and post-procedural checklists

Checklist Korea Italy Austria United Kingdom
Pre-procedural
US findings Y Y Y Y
Size, echogenicity, proportion of solid  Size and proportion of Size and cervical lymph node
component, internal vascularity, and solid component
cervical lymph node
Symptom and cosmetic scores Y Y Y
Laboratory findings Y Y Y
(BC, coagulation test, and TFT TFT TFT NA
Other imaging
a Selective” NA NA NA
Thyroid scan” Y NA Y NA
Laryngoscopy NA NA Y NA
Post-procedural
US findings Y Y Y Y
Size, echogenicity, internal vascularity Size Size, echogenicity, internal
vascularity, and cervical lymph node
Symptom and cosmetic scores Y Y Y
Laboratory findings Y Y NA
TFT on AFTN TFT and autoantibody
Other imaging
T Selective” NA NA NA
Thyroid scan” Y NA Y NA
Laryngoscopy NA NA Y NA

US, ultrasonography; Y, recommended; CBC, complete blood count; TFT, thyroid function test (thyrotropin, triiodothyronine, and free thyroxine); NA, not applicable; CT,

computed tomography; AFTN, autonomously functioning thyroid nodule.
“Recommended for intrathoracic goiter. "Recommended for AFTN.

thyroid nodules [15-17]. A detailed pre-procedural evaluation
should therefore be performed in cases of thyroid nodules with
suspicious US features. If suspicious findings, including extrathyroidal
extension or indeterminate lymph nodes, are found, additional
computed tomography or repeat biopsy should be performed to rule
out potential malignancy. The rate of thyroid nodule malignancy
after two benign confirmations is very low, so at that point, the
nodule may be considered benign [27]. Three orthogonal diameters
and target nodule volumes should be measured to establish a
baseline set of measurements. Furthermore, evaluations of symptom
and cosmetic scores are recommended by all societies.

All societies except the NICE [14-17] recommend laboratory
tests, including a complete blood count, a coagulation test (bleeding
time, prothrombin time, and activated partial thromboplastin time),
and a thyroid function test (thyrotropin, triiodothyronine, and free
thyroxine). Autoantibodies (anti-thyroid peroxidase antibody and
anti-thyroglobulin antibody) can be selectively evaluated, since
patients with elevated autoantibody levels can develop subclinical
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hypothyroidism after RFA [9]. Overt hypothyroidism should be
managed by hormone replacement therapy, and hyperthyroidism
should be further evaluated using *"Tc pertechnetate or an |
thyroid scan [14,17]. In patients with AFTN, it is important to
perform a thyroid function test to establish a baseline measurement
for use in evaluating treatment outcomes [14,15].

Other imaging techniques, including computed tomography
and magnetic resonance imaging, can be used to evaluate the
intrathoracic extension of large thyroid nodules [14,17]. The group
of Austrian societies [17] recommends laryngoscopic examination
for all patients before and after RFA to ensure vocal cord mobility.

Both the KSThR and the Austrian reports mention patients with a
bleeding tendency. The KSThR guidelines mention the pre-procedural
process for patients who were previously prescribed anticoagulants
or antiplatelet drugs [14]. Patients with medications associated with
a bleeding tendency should be instructed to discontinue medications
7-10 days prior to RFA for aspirin or clopidogrel, 3-5 days prior
for warfarin, and 4-6 hours prior for heparin [28]. The patient
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can resume taking the drugs 2-6 hours after RFA for heparin, the
night after RFA for warfarin, and the day after RFA for aspirin or
clopidogrel [28]. The Austrian guidelines [17] only mention the pre-
procedural process for patients with a bleeding tendency in the
contraindication section.

Techniques

Table 4 shows techniques recommended for thyroid RFA. Prior
to ablation, all societies recommend local rather than general
anesthesia for pain control [13-16]. The report published by the
Austrian societies [17] mentions that a few centers allow the
intravenous administration of analgesics and sedatives; however,
concerns have been raised about the delayed detection of
complications. To reduce pain during RFA, perithyroidal lidocaine
injection is considered crucial, since sensory nerves typically exist
around the thyroid capsule. The electrode should be inserted just
superficial to the thyroid isthmus and then advanced into the thyroid
gland through the isthmus [29].

Regarding the devices used, the KSThR recommends that a
thyroid-dedicated monopolar (18- or 19-G) internally cooled
electrode be used as a standard for RFA. A bipolar electrode may be
recommended for patients with electrical devices (such as cardiac
pacemakers) or for pregnant women [30]. However, the ablation
zone tends to be ellipsoidal and smaller when a bipolar electrode
is used than when a monopolar electrode is used [29,31]. The
guidelines published by the Austrian societies recommend the use of
a thyroid-dedicated monopolar electrode; however, they introduce
the use of a bipolar electrode with the "multiple overlapping shot"
technique [17]. Although early results using the bipolar technique
appear promising, long-term outcomes and the systematic treatment
of larger patient populations with different nodal characteristics are
necessary [31-33].

All societies except the NICE recommend the transisthmic
approach and the moving-shot technique as basic techniques [14-
17]. The transisthmic approach involves the insertion of the electrode

Table 4. RFA techniques

Technique Korea Italy Austria United Kingdom
Local anesthesia Y Y y? Y
Transisthmic approach Y Y Y NA
Moving-shot technique Y Y Y NA
Advanced techniques
Vascular ablation Y NA NA NA
Hydrodissection Y NA NA NA

RFA, radiofrequency ablation; Y, recommended; NA, not applicable.
IThese recommendations mention that the intravenous administration of analgesia
and sedation is performed in a few centers.
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needle via the thyroid isthmus in a medial-to-lateral direction [29],
while the moving-shot technique refers to the unit-by-unit ablation
of thyroid nodules accomplished by moving the electrode. Since the
thyroid nodule is ellipsoidal in shape and exophytic from the thyroid
gland, nodules are divided into multiple small ablation units and
ablated safely using the moving-shot technique [29,34].

With regard to the procedure, the electrode is inserted to the
deepest portion of the nodule and is pulled back in the superficial
direction. The procedure is repeated in the adjacent areas until the
entire nodule displays echogenic changes [29,34]. The electrode tip
should be monitored continuously during RFA to prevent thermal
damage to adjacent critical structures [29,34]. The KSThR guidelines
introduce advanced techniques, including vascular ablation and
hydrodissection [29]. Vascular ablation includes two different
techniques: artery-first ablation and marginal venous ablation.
These methods are useful to reduce the marginal recurrence of
hypervascular tumors [29]. Hydrodissection is used for treating
thyroid nodules adjacent to critical surrounding structures [29,35].
The injection of 5% dextrose water separates the thyroid nodules
from the critical surrounding structures and provides a thermal
barrier [36].

Post-procedural Evaluation

Table 3 shows the post-procedural checklist after RFA. All societies
suggest a similar post-procedural evaluation; however, minor
differences exist in the evaluation of autoantibodies and the vocal
cord examination. Changes in US findings-including nodule size,
volume, and vascularity-as well as symptom and cosmetic scores
require further study to assess the treatment efficacy and clinical
outcomes after RFA. Additional treatment is recommended if the
nodule has a viable vascular portion or if an increase in nodule
volume is observed [37]. The treatment efficacy is measured by
the volume reduction rate (VRR) and changes in the symptom and
cosmetic scores. The VRR is measured as follows: ([Initial volume-
Final volume]x 100)/Initial volume). In the KSThR guidelines, a VRR
of less than 50% is an indication for additional RFA [14]. Regarding
AFTNs, the evaluation of changes in thyroid function test results
is necessary to assess the therapeutic response, and a thyroid
scan may also facilitate the assessment of the treatment response
[34,37-40].

Informed Consent

Regarding informed consent, the KSThR provides a checklist of
information that should be given to patients before RFA (Table 5)
[14]. The Austrian societies also mention the need for informed
consent, but they do not provide a detailed breakdown of information
[17].
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Table 5. Information to provide patients for informed consent”

1. Ablated thyroid nodules decrease in size gradually over several months
to years.

2. Number of expected treatment sessions

3. Possibility of regrowth of ablated nodule and need for additional
ablation

4. Patients may experience pain during the ablation. For that reason, local
and possibly systemic anesthetic agents may be used during and after
the procedure.

5. Complications and side effects

6. Physician takes patients'past medical history, including details on
surgery and medication

7. Further observation, admission, or medication may be required after
RFA, depending on the patient’s condition.

Adapted form Kim et al. Korean J Radiol 2018;19:632-655 [14], according to
Creactive Commons license.

RFA, radiofrequency ablation; KSThR, Korean Society of Thyroid Radiology.

IThese details were recommended by the KSThR. The group of Austrian societies
simply mentioned the need to obtain informed consent from patients.

Discussion

The current systematic review demonstrates the similarities and
differences between the analyzed guidelines for RFA of the thyroid
gland. Differences in these guidelines may lead to confusion with
regard to patient care strategies. Therefore, the awareness and
understanding of these differences are important to establish a
unified opinion. In the future, we should share our opinions through
conferences and multinational research to reduce these differences.
Although international societies recommend similar indications
for RFA, these guidelines have several minor differences. All societies
recommend performing RFA in patients with symptoms or cosmetic
problems, and they also recommend RFA for thyroid nodules that
have been confirmed to be cytopathologically benign at least
twice via FNA or CNB. The KSThR and lItalian societies guidelines
additionally state that a single benign diagnosis can be allowed
for thyroid nodules with highly specific benign US features and for
AFTNs [14-16]. All of the societies except the NICE recommend
performing RFA for AFTNs; however, the criteria regarding nodule
size differ among the societies. The ltalian scientific and Austrian
societies [16,17] do not recommend RFA for large AFTNs, while
the KSThR guidelines [14] do not include a specific size criterion.
According to the KSThR [14], large AFTNs can be treated using
advanced RFA techniques, since vascular ablation is effective in
reducing the vascularity of AFTNs [29]. The indications for repeated
RFA require further clarification; however, they are mentioned by the
KSThR and the Italian societies. These groups recommend additional
RFA in cases with marginal regrowth of a treated nodule, a VRR of
<50%, or persistent symptoms or cosmetic problems [14-16].
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The pre- and post-procedural evaluations are similar overall and
lack major differences across guidelines. Both the KSThR and the
group of Austrian societies mention the need to obtain informed
consent for RFA [14,17]; however, only the KSThR provides details
regarding the information that should be given to patients.
The recommended RFA techniques are also similar across the
guidelines. All of the societies except the NICE recommend the
transisthmic approach and the moving-shot technique [14-17].
However, advanced techniques, including vascular ablation and
hydrodissection, were recommended by the KSThR [14] and could be
effective for treating large AFTNs [29]. To control pain, all societies
recommend local anesthesia; however, only the Austrian societies
permit the intravenous administration of analgesics and sedatives.
Some debate exists regarding the use of sedation for thyroid RFA,
given that it can delay the detection of complications.

This study has several limitations. First, while we included five
guidelines, some aspects of thyroid RFA have not been clearly
described in the literature. Second, we did not include other
minimally invasive ablation techniques, including ethanol ablation,
laser ablation, microwave ablation, and high-intensity focused US.
Comparison among ablation techniques may be essential for the
treatment of benign thyroid nodules.

In this systematic review, we demonstrated that all societies
reported similar indications, pre- and post-procedural evaluations,
and techniques with regard to thyroid RFA. However, the presence
of several differences may cause confusion among RFA practitioners,
so further modification and standardization should be performed to
establish international guidelines.
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