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Radiofrequency ablation (RFA) has been a representative, non-surgical treatment for benign thyroid
nodules that cause cosmetic problems or compression symptoms. The procedure of RFA should be
performed effectively and safely. This review discusses the patient selection, pre-procedure evalua-
tion and planning, principles, devices, techniques, and complications with reference to the guidelines
and research on thyroid RFA. In particular, this review will devote to introduce RFA techniques and to
provide practical help in the implementation of this procedure.
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Table 1. Thyroid Radiofrequency Ablation Techniques

Basic Ability
Can see entire length of the electrode on ultrasonography

Can send electrode tip to the desired place

Essential Techniques

Perithyroidal lidocaine injection
Trans-isthmic approach
Moving shot technique

Advanced Techniques

Vascular ablation technique
Artery-first ablation technique
Marginal venous ablation technique

Hydrodissection Technique

Fig. 1. Perithyroidal lidocaine injec-
tion.

Axial ultrasound scan shows well in-
troduced needle (short arrows) into
the space between strap muscle and
thyroid gland and injected lidocaine
(long arrows).
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Fig. 2. Trans-isthmic approach.

Axial ultrasound scan shows the safe-
ly inserted electrode (arrows) into the
right thyroid nodule, through suffi-
cient isthmic parenchyma.
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Fig. 3. Moving shot technique.
A. Axial ultrasound scan shows small hyperechogenicity (arrow) around the electrode tip in the dangerous deep peripheral portion of the
right thyroid nodule.

B. Axial ultrasound scan shows large hyperechogenicity (arrow) around the electrode tip in the safe central portion of the right thyroid
nodule.

C. Axial ultrasound scan shows that entire nodule turned to be hyperechoic, suggesting complete ablation of this plane of the nodule.
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Fig. 4. Artery-first ablation technique.

A. Axial ultrasound scan shows a feeding artery (arrows) at the medial side of upper part of benign left thyroid nodule before RFA.

B. Axial ultrasound scan shows an electrode tip (short arrow) approaching the feeding artery (long arrow) of the nodule at the beginning
of RFA.

C. Axial ultrasound scan shows well ablated feeding artery (long arrow) and hypoechoic infarcted area of the nodule (short arrows).

RFA = radiofrequency ablation
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Fig. 5. Marginal venous ablation technique.

A. Longitudinal ultrasound scan shows right thyroid mass with abundant draining veins (arrows) along nod-
ule margin.

B. Longitudinal ultrasound scan shows well performed marginal venous ablation with hyperechoic arc (ar-
rows) along the nodule margin.

Fig. 6. Hydrodissection technique.

A. Axial ultrasound scan shows 3.5 cm benign left thyroid nodule attached to the tracheal wall (arrows).

B. Axial ultrasound scan shows successful hydrodissection. Five percent dextrose water is well introduced
through the PT, extending to the PTT and LPT.

T =trachea, PT = pre-tracheal space, PTT = posterior perithyroidal space, LPT = lateral perithyroidal space

7138e] Fol| A PRE dEste] 7| oF Fte® va2 WY ]74 71 e —1‘?:5’4’\]71
<= pre-tracheal approach, @FollA] 7| & we} 50| S 5417 o] EA5H= tracheoesoph-
ageal groove 712 HHs-& WY A)7]+= danger triangle approach, 2]Zol|lA] 5722 &
%S =3)| 7ol 0 2 HEs-S ZIQIA|7|+= posterior approach 50 AUFE ATH23). 2|

anterolateral approach® 2|<2]Q1 || 291 o} 7HgAle] 9 <5, %‘%”7}1] S
2 A 4 AL, o5 Bl Bk 2|8 Al B5E AUAIE 4 Aths =] ERE ATH20).
2 2] Zpre-tracheal approach ¥ A|&4 0 & |5 529) 51 danger tn'anglel} TAA 9
SERA7HA fEReles AT 4 ok £YEES Aol F8 22 S0 A
A& A= die Tt o] 7t A S0l A7 =A] AL 07 Fojshof St
WAB-ET F45Ho l AT A0 9|5 Bl E A 8d ul= 7459 FHiol =

=

Z(middle cervical sympathetic ganglion) 52| 1|

=

|

https://doi.org/10.3348/jksr.2023.0069

993



THE KOREAN SOCIETY of

JOURNAL of
RADIOLOGY

= 210l

0]

A&

=

=

AA]

Effective and Safe Thyroid RFA
2

7}
nkEA A

SHZAL Y ST KR

=
T

el
Hr

o
mmo

N
N

= 6-1270¢ 7+

g, |

A ot 28715

0]

2=k

A

) %71

S

71 9]

b

o
=

O
=

F

=]
=

Z3oll= A

1

o] 24 oM M52 o5

Ho|
Ll

o
H=2E

2

7}

o
=

22 active tip

3

g 7hs

bl ahzolct. 2|2

5

|

2

tod 9

3} Q175

o) 725

EAE

LR REES

ot thA el

, 34

=

tol g s

0]

JRAIAE 713 glojo

5]

o]

WDz

ERE

ok A=

Iz

S
pud

of

o]

o%

il

3

o

EE!
2o},
/;}

=

<)

g, A
AT
A5 #Hxto] o]

o)

A

QA

°

o o=

|=p=Se]

=

9

A% % B9k chet

=

[e]

1
=
=

AR

2417 (spinal accessory nerve) </ 5 THJsHEH25-27). Al=At

T

=

I:iooﬂ

=

=

She

)

=
=

|

sl A

X
A& % gxpeto] oAt B2 Hsli5te] g

o

A, TE, S| FAGRAL SA0EA] 54, SUSEE, n]Al7 (vagus nerve)

2], A, oM, 71

7]

7]el A

(o)
=

ARl

2 AahAlzle Az

jksronline.org

994



JOURNAL of

THE KOREAN SOCIETY of

RADIOLOGY

J Korean Soc Radiol 2023;84(5):985-998

2= 9Ich4, 26, 28).

5
=

w2 5350] 24 E o] Aleg A7

S A HE

Sa7 A

o}

o O
e

L 2 & =l 7hHE

ol 23] Akt o

:

<

19
=

tof of2iupst 1

5|

ol

P2 =E0]

94

s

U

@
o

off FAE AT AlZto] ZJ st A

oju
=0
4
T
</

o2 A7) 7}5§17)

Z A
L -

A AT =27 J+

=

Al 1-371< Wfol]

FAIRE, Mz

5|

3} A7) Atole] HZo] 9]

22 20| ofefEolA nlal7e] 917

(32). 1=

N

o
il

oj

=

e

H

e)

171 2151 5%

]3]

it

A

he peielag olgstel A

(Horner syndrome)©]

{|

o5

A7k 24 Atolof 5

5% EEFHS A7t 2 Atolof] A|LH 02 FRUAA A9 2

e

tod

S

of thH]

F= 210 Z=go] ",

L=
o

21

ol
oH

WYAbarof 506 e

=
o

Fof 1270 dlof] %

5]

AL 4m

R

e

Ko

bt A2) ch
plo] 442 A7

5

}oH26-31).

o] BjollA] T A

SjolA] ot

o] Bl HE 9tk(36, 37).

No

995

https://doi.org/10.3348/jksr.2023.0069



JOURNAL of
THE KOREAN SOCIETY of
Effective and Safe Thyroid RFA RADIOLOGY

2
il
oZ
s
-+
%0
lo
=3
>
i
=
2N

750] Phe H5A) UES BAE 2 e o} Bk S} shAL 2guhR AT T 4 9
1, WAl ute] shednt A 2 2H 0 AdE WES 47 HR1% 4 Yk 2he 379

2)
w2 2= glo] &E 4= o, st R FFoly Yol BA s X5t Zed S

= BE v Qlrk(3s, 39).

K

%)

WA AR NFapEAE Tapalo] 1 EHSHA Al flsiAl AleAke did EAE
AdstA drgstar, agubdAe] 9, X5 7] Ala 9 @Sl it SRt AMe 55
5

= [¢}
slok stel, 28HE o] 83 Ao l4A E5 AHS ZAslob

Supplementary Materials
English translation of this article is available with the Online-only Data Supplement at https://doi.
org/10.3348/jksr.2023.0069.

Conflicts of Interest
The author has no potential conflicts of interest to disclose.

Funding
None

REFERENCES

1. Papini E, Monpeyssen H, Frasoldati A, Hegedis L. 2020 European thyroid association clinical practice guide-
line for the use of image-guided ablation in benign thyroid nodules. Eur Thyroid J 2020;9:172-185

2. Papini E, Pacella CM, Solbiati LA, Achille G, Barbaro D, Bernardi S, et al. Minimally-invasive treatments for
benign thyroid nodules: a Delphi-based consensus statement from the Italian minimally-invasive treat-
ments of the thyroid (MITT) group. Int J Hyperthermia 2019;36:376-382

3. Na DG, Lee JH, Jung SL, Kim JH, Sung JY, Shin JH, et al. Radiofrequency ablation of benign thyroid nodules
and recurrent thyroid cancers: consensus statement and recommendations. Korean J Radiol 2012;13:117-125

4. Kim JH, Baek JH, Lim HK, Ahn HS, Baek SM, Choi YJ, et al. 2017 thyroid radiofrequency ablation guideline:
Korean Society of Thyroid Radiology. Korean J Radiol 2017;19:632-655

5. Baek JH, Na DG, Lee JH, Jung SL, Sung JY, Sim JS, et al. Korean society of thyroid radiology recommenda-
tions for radiofrequency ablation of thyroid nodules. Available at. https://www.thyroidimaging.kr/bbs/in-
dex.html?code=pds&category=A&gubun=&page=2&number=6&mode=view&keyfield=&key=. Published
2009. Accessed September 6, 2023

6. Orloff LA, Noel JE, Stack BC Jr, Russell MD, Angelos P, Baek JH, et al. Radiofrequency ablation and related
ultrasound-guided ablation technologies for treatment of benign and malignant thyroid disease: an interna-
tional multidisciplinary consensus statement of the American Head and Neck Society Endocrine Surgery
Section with the Asia Pacific Society of Thyroid Surgery, Associazione Medici Endocrinologi, British Associa-
tion of Endocrine and Thyroid Surgeons, European Thyroid Association, Italian Society of Endocrine Surgery
Units, Korean Society of Thyroid Radiology, Latin American Thyroid Society, and Thyroid Nodules Therapies
Association. Head Neck 2022;44:633-660

7. Dobnig H, Zechmann W, Hermann M, Lehner M, Heute D, Mirzaei S, et al. Radiofrequency ablation of thyroid

996 jksronline.org


https://www.thyroidimaging.kr/bbs/index.html?code=pds&category=A&gubun=&page=2&number=6&mode=view&ke
https://www.thyroidimaging.kr/bbs/index.html?code=pds&category=A&gubun=&page=2&number=6&mode=view&ke

JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2023;84(5):985-998 RADIOLOGY

nodules: “good clinical practice recommendations” for Austria : an interdisciplinary statement from the fol-
lowing professional associations: Austrian Thyroid Association (OSDG), Austrian Society for Nuclear Medi-
cine and Molecular Imaging (OGNMB), Austrian Society for Endocrinology and Metabolism (OGES), Surgical
Endocrinology Working Group (ACE) of the Austrian Surgical Society (OEGCH). Wien Med Wochenschr
2020;170:6-14
8. Ha EJ, Baek JH, Che Y, Chou YH, Fukunari N, Kim JH, et al. Radiofrequency ablation of benign thyroid nod-
ules: recommendations from the Asian Conference on Tumor Ablation Task Force. Ultrasonography 2021,
40:75-82
9. Sung JY, Baek JH, Jung SL, Kim JH, Kim KS, Lee D, et al. Radiofrequency ablation for autonomously func-

tioning thyroid nodules: a multicenter study. Thyroid 2015;25:112-117

10. Baek JH, Lee JH, Valcavi R, Pacella CM, Rhim H, Na DG. Thermal ablation for benign thyroid nodules: radio-
frequency and laser. Korean J Radiol 2011;12:525-540

11. Goldberg SN. Radiofrequency tumor ablation: principles and techniques. Eur J Ultrasound 2001;13:129-147

12. Lee J, Shin JH, Hahn SY, Park KW, Choi JS. Feasibility of adjustable electrodes for radiofrequency ablation of
benign thyroid nodules. Korean J Radiol 2020;21:377-383

13. Park HS, Baek JH, Park AW, Chung SR, Choi YJ, Lee JH. Thyroid radiofrequency ablation: updates on innova-
tive devices and techniques. Korean J Radiol 2017,18:615-623

14. Ahn HS, Kim SJ, Park SH, Seo M. Radiofrequency ablation of benign thyroid nodules: evaluation of the treat-
ment efficacy using ultrasonography. Ultrasonography 2016;35:244-252

15. Huh JY, Baek JH, Choi H, Kim JK, Lee JH. Symptomatic benign thyroid nodules: efficacy of additional radio-
frequency ablation treatment session--prospective randomized study. Radiology 2012;263:909-916

16. Baek JH, Ha EJ, Choi YJ, Sung JY, Kim JK, Shong YK. Radiofrequency versus ethanol ablation for treating
predominantly cystic thyroid nodules: a randomized clinical trial. Korean J Radiol 2015;16:1332-1340

17. Ha EJ, Baek JH, Lee JH. Moving-shot versus fixed electrode techniques for radiofrequency ablation: com-
parison in an ex-vivo bovine liver tissue model. Korean J Radiol 2014;15:836-843

18. Park HS, Baek JH, Choi YJ, Lee JH. Innovative techniques for image-guided ablation of benign thyroid nod-
ules: combined ethanol and radiofrequency ablation. Korean J Radiol 2017;18:461-469

19. Lim HK, Lee JH, Ha EJ, Sung JY, Kim JK, Baek JH. Radiofrequency ablation of benign non-functioning thy-
roid nodules: 4-year follow-up results for 111 patients. Eur Radiol 2013;23:1044-1049

20. Jeong SY, Baek JH, Chung SR, Choi YJ, Chung KW, Kim TY, et al. Radiofrequency ablation of benign thyroid
nodules: the value of anterolateral hydrodissection. Ultrasonography 2023;42:432-439

21. Shin JH, Baek JH, Ha EJ, Lee JH. Radiofrequency ablation of thyroid nodules: basic principles and clinical
application. Int J Endocrinol 2012;2012:919650

22. Laeseke PF, Sampson LA, Brace CL, Winter TC 3rd, Fine JP, Lee FT Jr. Unintended thermal injuries from ra-
diofrequency ablation: protection with 5% dextrose in water. AJR Am J Roentgenol 2006;186(5 Suppl):S249-
S254

23. Chung SR, Baek JH, Choi YJ, Lee JH. Thermal ablation for the management of papillary thyroid microcarci-
noma in the era of active surveillance and hemithyroidectomy. Curr Oncol Rep 2022;24:1045-1052

24. Sim JS, Baek JH, Lee J, Cho W, Jung SI. Radiofrequency ablation of benign thyroid nodules: depicting early
sign of regrowth by calculating vital volume. Int J Hyperthermia 2017;33:905-910

25. Jung SL, Baek JH, Lee JH, Shong YK, Sung JY, Kim KS, et al. Efficacy and safety of radiofrequency ablation
for benign thyroid nodules: a prospective multicenter study. Korean J Radiol 2018;19:167-174

26. Baek JH, Lee JH, Sung JY, Bae JI, Kim KT, Sim J, et al. Complications encountered in the treatment of be-
nign thyroid nodules with US-guided radiofrequency ablation: a multicenter study. Radiology 2012;262:335-
342

27. Ha EJ, Baek JH, Lee JH. The efficacy and complications of radiofrequency ablation of thyroid nodules. Curr
Opin Endocrinol Diabetes Obes 2011;18:310-314

28. Wang JF, Wu T, Hu KP, Xu W, Zheng BW, Tong G, et al. Complications following radiofrequency ablation of
benign thyroid nodules: a systematic review. Chin Med J (Engl) 2017;130:1361-1370

29. Chung SR, Suh CH, Baek JH, Park HS, Choi YJ, Lee JH. Safety of radiofrequency ablation of benign thyroid
nodules and recurrent thyroid cancers: a systematic review and meta-analysis. Int J Hyperthermia 2017;33:
920-930

30. Ha EJ, Baek JH, Lee JH. Ultrasonography-based thyroidal and perithyroidal anatomy and its clinical signifi-

https://doi.org/10.3348/jksr.2023.0069 997



JOURNAL of
THE KOREAN SOCIETY of
Effective and Safe Thyroid RFA RADIOLOGY

cance. Korean J Radiol 2015;16:749-766

31. Kim C, Lee JH, Choi YJ, Kim WB, Sung TY, Baek JH. Complications encountered in ultrasonography-guided
radiofrequency ablation of benign thyroid nodules and recurrent thyroid cancers. Eur Radiol 2017;27:3128-
3137

32. Ha EJ, Baek JH, Lee JH, Kim JK, Shong YK. Clinical significance of vagus nerve variation in radiofrequency
ablation of thyroid nodules. Eur Radiol 2011;21:2151-2157

33. Shin JE, Baek JH, Ha EJ, Choi YJ, Choi WJ, Lee JH. Ultrasound features of middle cervical sympathetic gan-
glion. Clin J Pain 2015;31:909-913

34. Chung SR, Baek JH, Choi YJ, Lee JH. Management strategy for nerve damage during radiofrequency abla-
tion of thyroid nodules. Int J Hyperthermia 2019;36:204-210

35. Lee MK, Baek JH, Chung SR, Choi YJ, Lee YM, Kim TY, et al. Effectiveness of injecting cold 5% dextrose into
patients with nerve damage symptoms during thyroid radiofrequency ablation. Endocrinol Metab (Seoul)
2020;35:407-415

36. Ha EJ, Baek JH, Lee JH, Sung JY, Lee D, Kim JK, et al. Radiofrequency ablation of benign thyroid nodules
does not affect thyroid function in patients with previous lobectomy. Thyroid 2013;23:289-293

37. Hong MJ, Baek JH, Choi YJ, Lee JH, Lim HK, Shong YK, et al. Radiofrequency ablation is a thyroid function-
preserving treatment for patients with bilateral benign thyroid nodules. J Vasc Interv Radiol 2015;26:55-61

38. Shin JH, Jung SL, Baek JH, Kim JH. Rupture of benign thyroid tumors after radio-frequency ablation. AUNR
Am J Neuroradiol 2011;32:2165-2169

39. Chung SR, Baek JH, Sung JY, Ryu JH, Jung SL. Revisiting rupture of benign thyroid nodules after radiofre-
quency ablation: various types and imaging features. Endocrinol Metab (Seoul) 2019;34:415-421

LI AT0| Chet 2utXO|
QIEIoH NFIENC| ME
yrig*

DFAHAE olmAfe] Bl 7R S4e fUsH PR chit o
Hl e A EHOR AlLE T z
DA e AU} AT =SS HEsto] thi Bt A, Al 1 WA D 3
B A3, 22 4o @ AR 717 Ale,

g= ek, 5o] Algol B2 2 golfs

o

Ae, o

998 jksronline.org



