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Background: Benign thyroid nodules are the most common thyroid disorders in the world.
Ninety percent of thyroid nodule cases found in the hospital are benign nodules. In the case of
benign thyroid nodules, it is difficult to determine the appropriate balance between the risks and
benefits of surgical therapy as a curative approach, whereas an approach with suppressive
therapy reports unsatisfactory results and requires a long treatment time. Another alternative
therapy for benign thyroid nodules is radiofrequency ablation (RFA) therapy, which is used for
benign thyroid nodules with clear and solitary nodule margins. Although several studies have
shown that RFA is a safe technique, there are some associated complications, which are minor.
Therefore, reviewing the literatures is critical to evaluate the effectiveness of RFA in reducing
the size of benign thyroid nodules and the complications that occur.
Methods: This study aims to conduct a literature review on RFA therapy for benign thyroid
nodules. Literature searching was conducted on PubMed, Scopus, and ScienceDirect.
Result: Based on a review of 27 literature, RFA can effectively reduce the size of benign 
thyroid nodules by up to 80% within 6 – 12 months of initial therapy. After the RFA 
procedure, it was reported that 83% of patients had no complications and 16.1% of patients
experienced mild-moderate complications that were reversible. 
Conclusion: RFA can effectively reduce the size of benign thyroid nodules, and RFA has a
good safety profile in treating benign thyroid nodules.
Key words: radiofrequency ablation, thyroid benign nodule

INTRODUCTIONINTRODUCTION

Thyroid benign nodules are the most common thyroid disorders in the world.
Ninety percent of cases of thyroid nodules found in hospitals are benign nodules
(1,2). Benign thyroid nodules occur due to several acquired diseases such as
Hashimoto disease, follicular adenoma, and subacute thyroid infection. Women
and the elderly are at higher risk for thyroid nodule diseases. Other risk factors
include any history of iodine deficiency and radiation exposure (1,3-5). The 
first-line therapy for benign thyroid nodules is either pharmacological therapy
(thyroid hormone therapy) or surgery (5,6). 
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The treatment of benign thyroid nodules presents a
challenge in determining the optimal approach that
balances the associated risks and benefits. Although
surgical therapy is curative, its appropriateness is 
difficult to determine. Conversely, suppressive therapy
has been reported to produce unsatisfactory results
and necessitates long treatment times. Therefore, the
selection of an appropriate treatment strategy requires
careful consideration of the available options, with the
aim of achieving optimal outcomes while minimizing
adverse effects.

Another alternative therapy for benign thyroid 
nodules is radiofrequency ablation therapy (RFA), which
is used for benign thyroid nodules with clear and solitary
nodule margins (7,8). RFA is performed using local
anaesthesia and an electric current of 200 kHz -1200
kHz (7,8). RFA works by concentrating the heat 
generated by an electric current through the electrode to
the nearest thyroid nodule tissue, resulting in thyroid
nodule tissue necrosis or development of fibroblastic 
tissue, ultimately reducing the size of the nodule. 

Indications for RFA include the symptoms of 
compression of the nodule to the surrounding tissue,
aesthetic effects, and in cases of autonomously 
functioning thyroid nodules (AFTN) (9). In the event
that percutaneous ethanol therapy ablation (PEA) is
unsuccessful, thyroid nodules may be classified as solid 
nodules, predominately solid nodules, or predominantly
cystic nodules. Currently, neither the National Institute
for Health and Clinical Excellence (NICE) in the United
Kingdom nor a professional association from Austria
have made any recommendations regarding nodule
size. However, an Italian association recommends RFA
for large nodules (volume > 20 mL), especially those
with local symptoms or aesthetic problems (10).
Patients with thyroid nodules with a maximum diameter
of more than 2 cm who continue to grow can be 
considered for RFA (11). RFA as a therapy for thyroid
nodules has several advantages, including unnecessity
for general anaesthesia, shorter treatment time, 
minimal scarring, and good results (12). In a study 
conducted by Cesereo et al., it was found that 50–80%
of patients who underwent RFA therapy reported 
significant results in volume reduction compared to
patients who did not undergo surgery (9). Although the
success rate related to nodule size reduction is relatively
good, some studies with a more extended period have
demonstrated a trend toward increasing thyroid nodule
size two to three years after RFA therapy (7-9,13).
Despite several studies have shown that RFA is a safe
technique, there are some associated complications,
some of which are minor. The most common minor

complications include pain, transient voice changes,
sunburn, hematoma, and transient thyroiditis may
occur but are less common (14). 

Therefore, a literature review is critical to evaluate
the effectiveness of RFA in reducing the size of benign
thyroid nodules and the associated complications. 

MATERIAL AND METHODSMATERIAL AND METHODS

The study was designed to provide a comprehensive
literature review of the use of radiofrequency ablation
(RFA) therapy for the treatment of benign thyroid 
nodules. The research was conducted by searching the
literatures through online databases such as PubMed,
Scopus, and ScienceDirect using the keywords "radio-
frequency ablation"[MeSH Terms] AND ("thyroid 
nodule" [MeSH Terms] OR "thyroid nodes" [Title/
Abstract]) AND ("diameter reduction"[Title/Abstract]
OR "size reduction"[Title/Abstract] OR "volume reduc-
tion"[Title/Abstract] OR "complications" [Title/
Abstract]). The selection of studies was based on their
relevance to the research topic, which was determined
by evaluating the title, abstract, or full text of each
study. 

- Studies are randomized or cohort clinical trials. 
- Adult patient with benign thyroid nodule. 
- Studies on the use of RFA therapy in benign 

thyroid nodules, either as additional therapy,
main therapy, or a comparison between RFA and
thyroidectomy.

- The output that is seen is the effectiveness of RFA
therapy, which is assessed from the reduction 
in the nodule size and complications after RFA
therapy is carried out.

- English language.
- Last five year study.

- The study is a conference, abstract, poster, and
commentary.

- Not available in full script.
- Test in vitro, ex vitro, in vivo, and ex vivo.

RESULTSRESULTS

Literature searches were conducted in various
online databases such as PubMed, Scopus, and
ScienceDirect, and the screening process was carried
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out until July 2022. As this paper is a literature review, a
qualitative synthesis was performed, and no quantita-
tive analysis was conducted. Ultimately, 27 studies
meeting the criteria were included in this study. The 
literature search flow is shown in fig. 1. 

The characteristics of each literature are presented
in Appendix 1, whereas the results are shown in table 1.

DISCUSSIONDISCUSSION

Thyroid nodules are one of the most common
lesions in daily surgical practice and 50% can be detected
by ultrasound examination and demonstrable by 
cytological examination. In the management of benign
thyroid nodules, those exceeding a size of 2 cm or
exhibiting non-responsiveness to suppressive therapy
necessitate further attention. RFA is a non-invasive
treatment that has been proven to be effective and safe
in benign thyroid nodules. 

All of the studies found in the last five years used
both trans-isthmic and moving-shot techniques. It is
hypothesized that the moving-shot technique is more
flexible than the fixed-needle technique and the size of
the ablation unit can be adjusted by changing the speed
of movement of the electrode tip of the RFA (15). This
technique, coupled with the trans-isthmic technique

also protects vital structures around the nodule by
using the ablation unit, which is relatively smaller and
may prolong the action time at the centre of the 
nodule.

RFA is a treatment modality that is used for benign
thyroid nodules causing cosmetic or symptomatic
issues. The procedure utilizes high-frequency 
alternating electric current oscillating between 200
and 1200 kHz generated by an electrode that is
applied to the nodule. The current induces rapid
movement of ions and generates frictional heat,
thereby causing coagulative necrosis and irreversible
damage to the surrounding tissue near the electrode
at temperatures ranging from 50°C to 100°C.
Temperatures higher than 100°C can cause vaporiza-
tion and carbonization, leading to an increase in tissue
impedance, which interrupts the transfer of electric
current and heat energy. The conduction of heat also
causes further damage to the surrounding tissue (7).
Care is taken to avoid injury to nearby structures, 
particularly within the "danger triangle" where the
recurrent laryngeal nerve is tethered to the trachea
close to the posterior-medial aspect of the thyroid (14). 

Figure 1 - Literature search 
following Prisma flow 2020
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RFA is indicated for patients with
benign thyroid nodules with symptoms
or cosmetic issues. In benign thyroid
nodules, the use of RFA successfully
improves thyroid functional status.
Some studies also found a reduction in
the need for antithyroid medication,
which even could be stopped in 23 to
89% patients. RFA is also effective 
for toxic or pre-toxic autonomously
functioning thyroid nodules (AFTN). RFA
can also be performed for curative or
palliative purposes in recurrent thyroid
cancers at the thyroidectomy bed and
cervical lymph nodes for patients at 
high surgical risk or those who refuse 
surgery. While surgery is the standard
treatment for primary thyroid cancer,
RFA can be considered as an alternative
for patients who refuse surgery or are
unable to undergo it. However, RFA is
contraindicated for pregnant patients
and patients with cardiac pacemakers.
Furthermore, the location of the nodule,
which is close to critical structures such
as the nerve to the vocal cord, major
blood vessels, or esophagus, is also a
relative contraindication (42). 

Based on the guidelines recom-
mended by The Task Force Committee
of the Korean Society of Thyroid
Radiology, RFA is a safe procedure, well-
tolerated by patients, and associated
with only a low incidence of complica-
tions (42). A meta-analysis found that
the overall complication rate for benign
nodules was 2.11% (95% confidence
interval [CI], 1.15% to 3.06%), while the
major complication rate was 1.27%
(95% CI, 0.81% to 1.73%). In the case of
recurrent thyroid cancers, the overall
complication rate was higher, at 10.98%
(95% CI, 4.82% to 17.15%), with a major
complication rate of 6.71% (95% CI,
3.05% to 10.36%) (43). Other complica-
tions have also been reported, including
major ones such as nerve injuries, 
nodule rupture, and permanent hypo-
thyroidism, as well as minor complica-
tions such as hematoma, vomiting, 
lidocaine toxicity, transient thyrotoxico-
sis, skin burn, hypertension, and pain.Au

th
or

, y
ea

r
Nu

m
be

r o
f 

No
du

l 
In

iti
al

 n
od

ul
e 

 
VR

R 
Co

m
pl

ic
at

io
n,

 n
 (%

)
su

bj
ec

ts
ty

pe
vo

lu
m

e 
(m

L)
(%

)
M

in
or

M
aj

or
Hu

ss
ai

n 
I, 

20
21

 (3
6)

42
To

xi
c 

(1
8)

 
M

ed
ia

n 
8

70
.8

Ha
em

at
om

a,
 1

 (2
.3

8)
; h

oa
rs

en
es

s,
 1

 (2
.3

8)
 

Un
kn

ow
n

No
n-

To
xi

c 
(2

2)
 

(m
in

. 0
.4

-m
ax

. 5
4.

95
) 

(m
in

. 3
1.

7 
– 

m
ax

. 9
6.

3)
 

Ya
n 

L,
 2

02
1 

(3
7)

20
Un

sp
ec

ifi
ed

15
.0

4 
± 

21
.1

7 
3 

m
on

th
s:

 6
2.

81
 ±

 2
1.

56
 

Pa
in

, 8
 (4

0)
 

Un
kn

ow
n

6 
m

on
th

s:
 7

4.
83

 ±
 1

3.
44

 
12

 m
on

th
s:

 8
1.

65
 ±

 1
3.

59
24

 m
on

th
s:

 8
5.

42
 ±

 1
2.

16
 

Li
n 

W
C,

 2
02

0 
(3

8)
13

6
Un

sp
ec

ifi
ed

31
.9

 ±
 3

9.
1 

1 
m

on
th

: 4
0.

4 
± 

3.
3 

Vo
ca

l p
ar

al
ys

is
, 5

 (3
.6

8)
; b

ur
n 

w
ou

nd
, 1

 (0
.7

4)
;

Ru
pt

ur
ed

 n
od

ul
e 

1,
 (0

.7
4)

3 
m

on
th

s:
 6

1.
7 

± 
19

.9
 

ha
em

at
om

a,
 1

 (0
.7

4)
6 

m
on

th
s:

 7
2.

2 
± 

17
.3

 
Gu

an
g 

Y,
 2

01
9 

(3
9)

10
3

Un
sp

ec
ifi

ed
21

.2
 ±

 1
9.

7 
1 

m
on

th
: 5

3.
1 

± 
15

.7
 

Lo
ca

liz
ed

 p
ai

n,
 1

2 
(1

1.
6)

 
Un

kn
ow

n
3 

m
on

th
s:

 6
5.

9 
± 

13
.1

 
6 

m
on

th
s:

 7
1.

4 
± 

12
.6

 
12

 m
on

th
s:

 7
8.

6 
± 

11
.5

 
24

 m
on

th
s:

 8
7.

5 
± 

4.
6 

In
 p

op
ul

at
io

n 
w

ith
 

in
te

rm
ed

ia
te

 n
od

ul
e 

si
ze

s 
(1

3.
1 

– 
30

 m
l),

 n
 =

 4
3 

Ra
bu

ffi
 P

, 2
01

9 
(4

0)
77

So
lid

 n
od

ul
e

17
.9

 ±
 1

5.
6 

6 
m

on
th

s:
 6

4.
1 

± 
20

.0
 

Lo
ca

liz
ed

 p
ai

n,
 6

 (7
.8

) 
Un

kn
ow

n
12

 m
on

th
s:

 7
0.

95
 ±

 2
0.

8 
Vu

on
g 

NL
, 2

01
9 

(4
1)

18
4

Un
sp

ec
ifi

ed
M

ed
ia

n 
6,

18
1 

m
on

th
: 4

5,
5

Tr
an

si
en

t v
oc

al
 c

ha
ng

es
, 2

 (1
.1

) 
Un

kn
ow

n
(M

in
. 0

.6
0 

– 
m

ax
. 9

6.
27

) 
3 

m
on

th
s:

 6
6,

8 
6 

m
on

th
s:

 7
4,

3 
12

 m
on

th
s:

 8
1,

0 
¶ RF

A,
 R

ad
io

fre
qu

en
cy

 A
bl

at
io

n
N

A Re
su

lt 
ar

e 
no

t l
is

te
d 

in
 th

e 
re

se
ar

ch
 m

an
us

cr
ip

t 

Ta
bl

e 
1 

- C
on

t’d



S50 Surgery, Gastroenterology and Oncology, 28, 4 (Suppl), 2023

Latifah et al

There are no life-threatening complications were
reported, with only 0.21% sequelae rate (44).

According to all reviewed studies, RFA can 
effectively reduce the size of benign thyroid nodules
by up to 80% within 6 – 12 months of initial therapy.
It is possible to achieve results through RFA
monotherapy. RFA single therapy reported similar
effectiveness as sequential therapy. Lang et al.,
(2021) reported that ablation of benign thyroid 
nodules in two or more sessions showed similar
results to a single RFA, regardless of the initial size 
of the thyroid nodule (19). This study found that 
the most important factor affecting the volume
reduction rate (VRR) is the amount of RFA energy
administered per nodule volume, with a p-value of
0.041 (19). Compared with laser ablation, RFA was
proven to be more effective than laser ablation.
Studies by Cesareo et al. (16,17) reported that RFA
had a higher success threshold than laser ablation
based on the ability of RFA to improve VRR. The
exact cause of the higher effectiveness of the RFA
compared to laser ablation is not yet to be known. It
may be suggested that the energy released by RFA,
which tends to be higher, is related to this effective-
ness. According to Deandrea et al., more than 2670
J/mL of energy per volume is required for successful
non-toxic thyroid nodule ablation (25). However, in
the study conducted by Cesareo et al, the mean
energy per volume of nodules delivered by RFA was
2012.6 ± 96.5 J/mL and the reported results do not
differ from the study of Deandrea et al. (16). The
energy delivered by laser ablation is at least 400 J/mL
and cannot be too high due to the laser ablation
being in direct contact with the nodule tissue, which
releases heat right from the end. This increases the
risk of carbonization of the surrounding tissue and
reduces heat conduction to the surrounding tissue of
the nodule. 

Compared with microwave ablation (MWA), RFA
also has the same effectiveness as MWA. Similar to
laser ablation, MWA is also a thermal ablation 
technique. The study by Jin et al. (2021) reported
that at the 18th month of follow-up, both MWA and
RFA groups had a similar VRR with MWA at 91.7%
and RFA at 89.2% (p-value = 0.58) (22). The quality of
life score between the two groups was also reported
to not have a significant difference (22). In contrast,
when comparing RFA therapy and thyroidectomy, a

significant difference was observed in quality of life
in the RFA group, due to faster healing and better
cosmetic results in the RFA group. This study has a
small sample size and relatively short follow-up time. 

A prospective study in 2017 by Cheng et al.
involving 1252 patients divided into two groups,
namely RFA and MWA therapy, reported that the
VRR and maximal diameter reduction ratio (MDRR)
in the group of patients with RFA were significantly
better compared with the group of MWA patients
after six months of follow-up (29). This study 
reported that these differences are based on the
basic principles of RFA and MWA. The temperature
produced by MWA is more than 150°C, not different
from the central temperature of the nodule tissue so
that carbonization of the ablated lesion can easily
form, even with only low power by MWA (30 – 50
Watts). This is in contrast to the central temperature
produced by RFA which does not exceed 110°C, and
the incidence of carbonization in lesions by RFA is
rarely found (29).

Radiofrequency ablation (RFA) is generally considered
to have a favorable safety profile. A review of studies has
shown a rate of major complications of 5.6%, which 
corresponds to one in fifteen cases, based on data
from a small retrospective study. This suggests that
RFA is a reasonably safe procedure that poses only a
modest risk of major complications (35). Study by Ho
et al reported a complication of pseudocyst forma-
tion, Horner syndrome, and thyroiditis. In this study,
cases of thyroiditis appeared two weeks after ablation
with symptoms of tachycardia. The patient was 
given carbimazole and the complaints improved. The
incidence of thyroiditis has been reported to occur as
a manifestation of the normal inflammatory process
in response to the procedure. The occurrence of
Horner's syndrome, in this case, could be caused by
injury to the middle cervical sympathetic ganglion or
compression by hematoma or oedema. The patient
was managed conservatively and symptoms improved
after 6 months (35). 

The study by Dobnig et al. reported that 89.9%
(249/277) of patients receiving RFA felt no pain at the
time of the RFA procedure and 10.1% (28/277) of patients
experienced moderate to severe pain (28). Based on
these results, it is suggested that local anaesthesia in RFA
alone is sufficient to provide analgesia, although, in some
patients, additional sedation using midazolam or general
anaesthesia may calm the anxious patient before the
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procedure. Meanwhile, after the RFA procedure, it was
reported that 83% of patients had no complications and
16.1% of patients experienced mild-to-moderate compli-
cations that were reversible. In this study, it was reported
that only 0.7% of patients had irreversible complications,
namely hypothyroidism and wound infection (28).

CONCLUSION CONCLUSION 

RFA is a minimally invasive procedure that is 
effective for reducing the size of benign thyroid nodules
and has minimal complications. 
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