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Radiofrequency Ablation for Benign Thyroid Nodules: Updates for Otolaryngologists
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ABSTRACT

Radiofrequency ablation (RFA) has emerged as a well-established minimally invasive alternative to surgery for benign
and autonomously functioning thyroid nodules. Over the past two decades, accumulated evidence from systematic
reviews, meta-analyses, and long-term cohort studies has demonstrated that RFA achieves substantial and durable
volume reduction, with reported volume reduction ratios of approximately 70%-80% at 12 months, 90% at 5 years, and
up to 94% beyond 10 years, while maintaining an excellent safety profile with overall complication rates of 2%-3% and
permanent major complications below 1%. The procedure preserves thyroid function, eliminates the need for general
anesthesia, avoids visible cervical scarring, and enables rapid return to daily activities. Successful outcomes depend on
patient selection based on cytologic confirmation of benignity and clinically meaningful symptoms or cosmetic concerns,
comprehensive pre-procedural evaluation including ultrasonography and laryngoscopic assessment of vocal cord
function, and skilled application of standardized techniques such as the trans-isthmic approach, moving-shot technique,
vascular ablation, and hydrodissection. Long-term surveillance is essential, as approximately 12% of nodules demonstrate
regrowth and a small proportion of patients ultimately require delayed surgery, often for newly developed lesions
rather than treatment failure. Recognized complications including voice change, nodule rupture, and hematoma can be
minimized through careful technique and timely management. Otolaryngologists are uniquely positioned to contribute
to multidisciplinary RFA practice through their expertise in head and neck anatomy, laryngeal evaluation, and surgical
management of complications. This review summarizes current evidence and practical considerations to support safe and
effective thyroid RFA in otolaryngologic practice.

KEY WORDS: Radiofrequency ablation; Thyroid nodule; Recurrent laryngeal nerve injuries; Hematoma.

ME 522 Fo) LA v Holo] 49%-7% FFol Bldh
U, MSWE 283} 71719 BHstet ABEA BABE 9
W AEE I AR WROIN T AL YHoR o) TR WISk Sobste] 2 Ff 49l Q179 30%-40%

Received: May 2, 2026 / Revised: June 5, 2026 / Accepted: June 11, 2026

Corresponding author: Hanaro Park, Department of Otolaryngology-Head & Neck Surgery, Samsung Changwon Hospital,
Sungkyunkwan University School of Medicine, Changwon 51353, Korea

Tel: +82-55-233-5420, Fax: +82-55-233-5441, E-mail: naronaro@skku.edu

Copyright © 2026. The Busan, Ulsan, Gyeoungnam Branch of Korean Society of Otolaryngology-Head and Neck Surgery.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.jcohns.org 31


https://crossmark.crossref.org/dialog/?doi=10.35420/jcohns.2026.37.2.31&domain=pdf&date_stamp=2026-6-30

OJHIQIZ T} X 241 Z RFA

s R 1 1?4_ 249
= A AFET 2 FAd(benign) HHCE &
™, o] HA A% St Ytotar Agol & éx—. SR

Js : @711401 250 4 S APt
q_ 1.3-5)

jﬂ:".:

Q]

O
N ﬁy}»_— s, 55 8
B, A% ol27 U 553 L B4e A7 Ho ol o
AT 475 Ao 2 olofd & gIEk+Y F37h A o)
B2 SEald ugd 2% Fud wolw 4o 4 e
SJat Aol 27k AFHED ook WA WsieA| ]

A Aojg Hlojy A 2ERE SAHoE Ao ¢
Jote A&7154 W42 d(autonomously functioning
thyroid nodule, AFTN)S @4 &2 &34 535S
(thyrotoxicosm)% AR o= AETA FPSE :‘=:‘3—-_‘-
T A2 AFA delor AgstuE, wikd Uiy 7|5
o] AASE BHE F= YAl X =27} .u_]_/’\_;glo]q_'w,lo)
Ao g o|2fgt {54 ¢ 24 2 AFINY X &E 9
5H QA AAlsolut WAM] F94 A8 FH AHA R
Z-gEo] Yt JEA FAp] Bk Fol1 HAF 14
/ﬂ AdE 245] BHESHIAL Sk FHAEA FEH ol tigt
A2 8 FE3] AL > ol 2gut fiest 1
ZFatEA|<(radiofrequency ablation, RFA)°] H|4&2] of
QtoZ AAFHJEH WF AF7F REshe 23 Y vpEd
Z o]-&5l S A&t o] 7|HE, 29 Ry F4E 5
3 e 54 sia7h 7RSSk, AFTN 9] 3282 ZHls
& AASERE dolle A a84E Y58 gkt
Ul A= 200299 A3 Al=H ol 20079 419&7]
E2 AFToHA YA go] B ALY
AF9Jsts](Korean Society of Thyroid Radiology, KSThR)
7} 20099 AIAl Hz= 4734 RFA Q& dicte A4
staleH, 20124 - 2017490l A F & A vk 3
}. 719 Holo} 2020 FHAAIAIES](Buropean Thyroid
Association, ETA)'? 20219 o}x]o}&Fa A 5}3](Asian
Conference on Tumor Ablation, ACTA) 93P 181
20224 t|=ZF3 59785 (American Head and Neck
Society, AHNS)7} &gt 24| thelA] ghol& o] Qlo]o] &
5]‘11"1 RFA= 4% Aol A Qe e tiAS
& A5 &E WolzolFth
dolAs S2H A AASS B o= I 44
24 9 AFTNe] thet RFAS] /44 394, Ale A 44

o

32 | http://www.jcohns.org

7Y siEsks HES A5t w7, VA ' AT A
3% W A, 19 Sl tis] FHA 1Esto] RFA
A7) st&d 7|9k AlFotat gk

rulo

14
0l0
ol

a
ol
Ral
X

M) 12
QL o2 00
oo o
re o>

riok
el

[
=
o
2

iy
u

719 Higt dEA 712 flom, A= St &
=4, 24 A, AL S BEE Tt Ales 24T
t}. 217 gtk 20179 KSThR} o geo} Ak FA4RS
Hhobe FHAA 02 Aleh= 2 em oY AAS 99 & of
FoE AAsta 9lon, AR {9 A2 20 mL ol Adh
AYe AT o2 e &, A R (isthmus) 2
A2 2 cm PIYko|RHE QM0 & A A EAY TR B
o 22 F7|NE A& AT 5 UthY 24 B 6
4 ojufe] Fu]7} 20% ol 7ot 2EE AE HSF
of ZFHEL> A& A% N7 anE AP oL vws]
Al dAFol= AEF T4 0-108 AlZerd 2 14 Z(visual
analog scale)2 —Z—Z*’ETP_’ & J5E 42A (1 ¥EA, 2
T A SQMF A4, 3t sk Alolet T 4: |QtoE oA
R 7] Zgh} 7
o|2|3t HlE4 F AHo| AleZ A&t w AuE E
22| HAbol| A HHHo| UL WA Elsfof gt
&= A 7Hs3E HiAIsH] Sl 229 F=st AR
Q1N 2 H AHultrasound-guided fine-needle aspiration,
US-FNA) T S4348-5/ A (core needle biopsy, CNB)
lﬁﬂé}oﬂ 4 23] o] ¥4 (Bethesda category 1)
g gEgg 317 o ejg oz K-TIRADS(Korean
Thyr01d Imaging Reporting and Data System) 2, ACR

oo oo r

r_E. ﬂJ[o

TR(American College of Radiology Thyroid Imaging
Reporting and Data System)-1, EU-TIRADS(European
Thyroid Imaging Reporting And Data System) 201 3%
St A3 FA 2GR T 24, ddnes it
FERE BRG] 248)S BolAU, A Ao 4244
(hot nodule)Z RSt AFTNS 13] R A AHA}F oFA Axgto
2 AES AP 5 Yok

AFTN9] 13} A5+ QS PAI B QE A 59} $240]
RO, B A AEE 45| BHESPE dotAU W



A T Zof AR Q= FAOA RFAE &53 Hihe
2 7159 ESE RFAE WA R R E A8Y 542 7
FIAU AT 5 gl B 7R EME 9Y B B
A=A 2EE 71 7HE7] o gollA g Al =Rt 3

Uk AEAE TREE MR Tt RUEE

WS Azlslo] ZMMASESS A8l A &Y 7152
SJEAZIE AFTNS o 13] Al ZAALR G4 AdS g
F oy, EEA oA Fo] AL71sAS e F49E

Hs7] Qo AAT R 250 &S WEs] Frlstofof gt
o} 317 A TS E A A (anti-thyroid peroxidase
antibody, anti-TPO)Y T/ ZEEY FA7F S &
A= Alg & QAE e J74 7542 4 9
Yol Fou g A HARE AlPstal 91/ SRtol|A B

3] TLstelof gi} 2012 A& A] A AA HES 99
A AAE F71= vl 283 29, AleAe AFTN 2489

HelR HAE whagle] Axsle] 715 PSS FERT

SHHel =71

RFAL A40HE 2814 g o Axael 47]o)d, 2
7 A ¥ @A AL golch et ARk Sa4olut

71A Aol wet 5 A o] Als9] ol5& A3
= 32 8| Ao gt

FolEt oy 7heds dAs] viAIskA] &g 2
2 Al dAolA A= ofok gttt AlZHAA] o ZF
(follicular neoplasm, Bethesda IV)o]u} 2jn] £m59] 1]

¥ M|EZ(atypia of undetermined significance/follicular

—_

i

oR

o

lesion of undetermined significance, AUS/FLUS,
Bethesda III)& Q13 2o RFAS AJsHH, 24| H]7}

G50z WA R F5 5a A ¥e 2H9 1

A ZAE F&T 5= Joh> B3 A& 299 FHAT
ks 5 A4 & Al 99 9 A7 9 & Wefiste] gt
oA v} B &4 S =Y & JeEE,
Zgho] 241 3] o) 2d2 A H 07 A dAl&
S A3gstoiol gt 2 Brlmzulele] HAjA AL
19l Y& Bethesda 111 Z4&0|| RFAZ A-83F A7} 9Jon,

o5 ofz] By 307 $235x] F=rt?
AleA7t 718 FoJ8ljof sh= 714 e wiS Ao vt
Hlo|t}, A& F TAot= € HERE A8 & BSR4
(recurrent laryngeal nerve, RLN)U}A £AIG61H, SR l=
Fag AT ohulgt 34 71 slAEe A 8 4

(o]
©°oH
AL 5 AT IAE ol o) sl A& AT ol

A-o] & YEE At 25 A4S (substernal
goiter) HA] Al& A 23] FoldIt). HF, §Z, H 9l 371
7t 253 SFFE Adotd AleAts vk AT A% 9

7t golgt QA AAES o4 REFTES il A

19 282 545 olely) Az At ATHel. o
Aol Wush 285 WS AN B4 28 455 g

stofof ghet.

11 S04 ZAA}
Oo << 271 0
A= Bte] 714 Agk Aubael A4 e AnA
o Tols}y] gi8] Al A Qut Gl AAje} HEo] Yol &
A AT A 5 g

>
i

oY,
oN

al

TAAXAZS 2 2 (thyroid-stimulating hormone, TSH) ¥
L8] El&Z4Xl(free thyroxine, free T4)0] 7|22 02 =]
™, 714 715 ol 24 Al A7FAQYA AARE Al@sioF gt
o347 7154 A-o] YAH o g FsH AAE f, A2
ol TER FHH5Z A5 gt A AT AAPE AT
Soro g 271 Ag= 4= itk anti-TPO YA A7t A&
T 74 715A 5k AFAAUE AA[staL, Ao gt
1 oju)E ges] A g7 A Pt A &
A MAA FHEZ AT B ZAEL SHE Ale A 7]
B7F FEoE A ERSHAL

g2l HEle AME7] 5 25 &4

Moo X

~

https://doi.org/10.35420/jcohns.2026.37.2.31 | 33



O[H[QI= 20| A{2] ZH

rx
I
1]
=
>

Fsto] nEGolyt AW, n|FAAE 5 ELHA A A 5 AFE FEHAEES APt FE Al 7HsES Bt
59| H3l2 LG} 4= 9lojof Fir} 752 S} 9 gl Belo] wlqgt 24 WIS QAAISHA] B3
2z, 7| Aol §54 W A wpuzh 2R WAA A
XS0} U FAISHY I 7} AME HEEA] SolE|ofok 3} Y 2022 AHNS EojES 1
A& A T 220 AANE 5o 24 249 B E IXolA AR V1A A 7SS @7 Aol FF T
B4 245k 39 sRety 12EI BAS JAFe  F s 2HAYL B2 oMo A B 7
2 motsof gt > 2gut Aol A-O] Jwshe Al 2] B $ES W Ho] Y BRNE A& A FRYAES
£5 Esto] BFA 2] ZA(V = rabe / 022 7|A F "pH oz Algsjor gt H A& T 2EA FFUHAA
NE AET & JeH, WE g% F8H 55 85 928 (flexible laryngoscopy)S I 2830l 4H 252 A
52 WA Brlstolof gk A W Hglet Fe), HEW  Ashs ARV RIEHT e, ¥ 2EE @ ¥ R
A 0B A ROl Huol Hlg B2 A& VW AZ 32 L A9} 2 AR ) 14 Aol Al&dof st AL
71& Agshe o] ¥ oz et 249 FdE  RIN &49] 27] A9 Eo] & & k'Y 7|4 #&
Z3} Y F2R7IX 9] Al 0.389141 1.5 cmoll o2& & Ao upul7} Sl BAOIA Al AT o, A&t wid
A Ho] Zolg AL 7P AFAR NER St G & AAWA S4E 4 22 FEA A vhelet 7= o)
A Hlgo] EAY ER7F B AHNE dFsart 2 A A4S YEs uAPE Y A EQ sjEske E <
7] o] BAH R thh 71 B B AHOR 2 & A YA Y WA B7E Bl AEEH, AdE 27 31
o] Q7 HEY GA ARo] HH i FrstA 2ghE B & A 73 A& AAOIA A AlE F
T 249 4L, Alete 130 dEAe] A WR ¢ E AT U9 FIES oA S ARH o Hristo] &
HG FOIFH= ofehS HAES APT 4= Ach” AU = AXZE QIS A4 7% ol §RE Z7|of Adst &2
E9 2312 o] §3lo] 22 FH IRE IRIFeZA I FQl F& 2AE vhAE Y A& A% $YsEE A
S JAE woteta, U 4 42 AFE AP ET BUe Bt 34 FHS F8S 9ol 34 dHSE
t}30% orAet 1Y A2E FHsly] Y8 B st Sx AAHOR osta YA AR Q) AXE P B
o 7%, A, F9 AR B U BARA ko] 374 ol Az ggEo Y
Aol AgstA Wrh=lofof gyt &2t AHo] 92 #
3 253 FEA ol e EEA £ M e AlS diY I &7
ohe L AAAHR AT AY ARE AActed 2 &
2o] Hh9 24 7153 AZH RINo| 2 FPsh= 7|18 Al& M ZH|Qf O
Ar FHY| Y AAANE 25T Hee] Este] ] AlE B FAE 46X F41E fAIStooF ot AW
719l A7 £4L dgsfol 3t FHERAAFE  2E AR FEstojol St AlEAtE BRE YR
2 ZZuolA] GRTE QIR &7t /1Y A 7HN Y] F 9|3 & ofgfjo]l HIAE B BR-E FES| AF AIZIeEH
P Ay Ado] YA EE FHFA TUFTFEE  HFuks AU A HHstE 28T A0S QHHsHA R
Ao WAY 4 Uk 2957} 2 (contrast-  3Hth? o] F FE 3] v EHo] HA| H=g Bt

249 27 ¥

=
soh E AE 2R PSR 5 U 1R AR BT

>
>
rlo
o)

)
2
|o

]
2 anka] sof Ayt AL 2

< %L RLN &4olu 7|3 &4 22 38 359 27

2, &d 27 o8 B3 A4 27] oA §-84d0] AAE £37] fEo] AYE A Gt 5% ur S5t
TEGAG v, B HE, A7 A5 59 AEA Ak BEGE S FAY S5 QA Aol 94 5t 7
fEo] BE 7|go|A YAAos FaET AL gdon  Ho| AHHor waE 4 oyt ulF Al 283 JE5}
A&Ate] motol| whet Agja]o g 2-ggc} Y o 25-27 G BHsR 1%2% H=711E AAE gstz 2|
U 7 w3t ZzHaAo] A 7HAFA muke] Abo]

OISt S=IHAIE Bt F7ro 2 upH A F71 Bojgiet ) o] 3ol A w8} 7t
A& o)A B 71t 55 71k FHSS WAS] A o] EEjdog BEE 24 up A7t mukg et

34 | http://'www.jcohns.org



{SHLtZ 2|

JE
ol

iy
ﬂ;
)
il
>
oo
o,
ox
=)
i)
_E
=)
o,
_%
Ofj
g,
_>‘:‘
N
o_>,“_.
2o
ot
=)
10

P
o 39 w2l ?t%fﬂri tﬂ‘?:lfﬂ *—1‘%*6}04 2805y
29] 3l &=
st shielo] W5 -2 Aol
o 5% Alo] LI} FaHe S A0 PAFTLS
RLNo| ALk 7|9 =7 28 2240 2lw7telo] 44 He
2 49 AHQ g ohelg 4 Wapt g 4 glon

EE PEEPEDER I REE

A&t
RFA Al Al 3 ohsg 34 b m 2ol 4Hstod
39 YRE BEAY 1 945 BH Y YA A

2 HZH(trans-isthmic approach)S & FZ=Z A=
3t} 38242 o] Ao o] HAF AA G BEFIERZ TR}
st 5olu S fASHH ST M= £ A E A
0% 1% & Itk RFA 4 3 Bshs 120 FAH &
X]OIUF nA] o] A= XY A4S AL /A ot 9]
FEEE 22Ag QA PREG? As F 290 3

‘11 0“7'01]/\1 A9 AA & Aot v = H“’J 4
ZIA| o G Q]5 08 A Fsto] H|7k Al RLN wiH|<f 4

7] 4L g AR FIEe 53 A9 ARE
AAS = A A4 AAE el A s} A%
o gl ojut 0] A5 AP sfefste] A= AYf w

2 991y BB &4 Ao Haskith? $% A5l
S o P

of A3 AYA7IE Hajo] Aokt FAE ASH o AR
sH o) WA w2Holh? 2 9iX)o] wet FerolA @

wo] i 222 S| o2l S ), o B AHHO.
=AY Aug sl 3 248 546}01 g =9
g & ok ? /7L FRAAY F8 FRE At &
2to] 7= 1404 T2 & JO— egom 93 7+
4 228 A3 AL hwo] wx|she M
A2 £ Lo tel 438 MAE0R $HAY 5 g4
A A4 LHM uqlq o452 rr+a+ 29 2
sto] u] X2 g

A Ao A= HX]% Xﬁ‘}_ﬂ RFAS A|9Ysl= AL
7] Wz 2 W
£ A9 MY 7MF FE o g AlESoto] £AHog A%l
EHAF 7] 9 (moving-shot technique)& 71% &7 2 283
E1r3z3) AleAt= 314 ¥ ol 714 2111 SHbof Q|5 Lo H

F8 A7) &gl BA gHSe

u+ e 54 71287} 28k
SEER
e xﬂﬁw 2 29 4 } Amslolo} gk 5
aml 27kt A3 HR X
A i

o] AFo] AA HAEs IAE %7}6}—5 *17,_}5 £

A SAE|oloF et S e S A1% 4% AT g Ao

S e 1ol 7|27} S8 Y SYAVL SRE
A0 Weshl the vlAt BelR vhsg ol AT ¢
4 7AYol R AeAE AL fAT A v 78 9
& 2APAR 2EAE A% ) @9 A2 | E¥e 1
W uRsg AA S BAY walo] AHHELD Y Yo
do] o|RR B AR Ay g A3 AlUsH
&7 BYT 2% IR wEshe Fe TN g A
07 Hsg A0 FEAUEDY 235 Jgor o
A== TF 2 W 2242 st A& FA
9] Zro] o] At 712 W] Aol autA
© & AdEA gt

IF7L SR BHEE HIBY AYAE <8 Y

el
i}
o
2
o
)
N
N
rr

A HA B3 heat sink effect)E BAIst1L

AR QTS Haspsr] S8 B 22 71¥(vascular
ablation technique)2 AF&3IE>? Al &A= 228 2 &
s 7Fsste] 34 {H Wi e A s 9% 9

7N 2 $Ee AT HiEEHe M A 3 4
22 et} ) 2ok - Azlo| ObA] mobE 99] Zulo
q5o= 7}§6}°4 UiE dRTS AAA o R Adgto 2 X
AEoz e yEn 2vto g 229 IS 58
A IS G2 5 Uk ? BAAC AR AT Y B
= UA 24T A4S 2T 7|27 = AR —7115].-4 Aok
7H & JoBE 9] A Aok &S sk &
of ¥ 2&3ch? Hukg Yol oz FPsie Fug
A4 7tdstd =t 9 &g 9ol Jleng /‘]EXH—:‘ g9
220] Y5 Qhdo] g E J7 Hd "H-ri

0.

FU

o
i

3 485 27 g 0] $Rz AV BEsH

https://doi.org/10.35420/jcohns.2026.37.2.31 | 35



O[H[QI= 30| 2] 2441 ZE RFA

2 3¢ A 49 vA BT 4%

o

— =

EJ7] e o Alm7t E FEE B Al FAloke '
V3 O

23] YR 284 FEol HAste 550l AEEHEE 51
ke A ARt AeYsto] Saect

224 Zdo] 7|y 4= 9 RLN 5 H4 Z7]e} ghgop
d &4 8o =2 A E9AQ A 1S gl &
ot #Fe ¥ (hydrodissection)o] MR ETE 3 Al&at= 1
e 229 FEsto] 24 wutn B3 i A7) Atel
SN v AYAR § a9 F95to] &% 19s 3
Aot el A ol JROR QlF) ARFE FHO
& M 7F A 24 &5 Sk 3T 3 &
BI7F 2710 AAFEE A fHOFE YHEA] g1,
2 SAEY Hlo]2A4 AAQI 5% L $-8M(dextrose
5% in water, D5W)= % H2]9] #E A S4& AR
o} 3339 2919 DSWE 1.29] 4 AEE A5k v &
Ho g Z-gsto] Ay A7 =7t AAR] oo = JF
SH= AL ol gt} B0 A|zto] Aagto] what =9t o)
A2 AW R FpEfo] gfotd & JlouE FAH HsE &
o HS FU|HoR FH HEoto] AT A FAE A
& F1 AR GARH AEAks 9 Y
A JE ARE A5, 7184, A A 38 A
& AlEststo] 249 AA A9k gt 714 A
of whe} 2]29] H2S Aegitt® A& HZHo g A
TUL B WA At 2549 FEo] FAlo] uheEH
e Aol A SR Al F BTk G5t Eolethe AH
o] Bl v} 9t} 7]#H H(pre-tracheal approach)
2 713 oA FRE BESl 71 oF SO E HsE WY
AA 7133} e BEA7E Wt 99 A J
(danger triangle approach)2 @404 7|& IS ot
RLNo| A3t 7|A = B27HA] HReZ AYAI7I= BH
o, ¥ H(posterior approach)& &4 757
o] HE 58 A FHOE vhsS HifiE 4ol

A

ik

i

N

ot oE o

An on
i ox o Lo

[e)

-r

I R|B 4 U WY 2| Y
7| H E7| B0 ga2

WA 4 AHEo] RFAS AlFstd Ale 2% A 15 &
ols &z e 454 FEo= s 25 4
0%-20% B sold <= 9low, olF & ozt

36 | http:/www.jcohns.org

A BHol FEj7} 2|
AlEAt= Alg 1
, 671 Al-ol= 7]
A 2l of¥] 50%-80% =2 @] BaeS AT |
| AA9 BuZtAE(volume reduction ratio, VRR)S
Monpeyssen 5°] Al A AH FAILZA 56%-93%
HolE HuEd1,® 2 HetEAo 4L VRRO] 6719
64.5%, 12702 76.9%, 3671¥ 92.2%71A] BA=Yct.? &
0] 37 7138l A 62071 A4S o= o o7 A A+
A E 1270Y A1A %] VRRO] 70.9%(IQR 52.9%-86.6%),
A& JFE(VRR =50%)°] 78.4%%1 §HH P35 TAPE&ES
3.2%AHY ) Aol A= 42199 3R} 4567 2ES
91 9071 &7t A3t Ay} P VRRO] 29 Al 81%, 5
doll 90%, 109 °1%F 94%zeh= Aupr} W gom® & o
£ & 713 Aol A= 26771 AES Y OE RFAE AIY
g A3} 593 - 109 Al VRRO] 212} 97.4%, 96.9%% =7
oo, & AldZT o] Al Atelof] 2E VRR Ao]
£ 5AZ0Rz Fol5tA gokths Ayt B g i}
Z249] A Ho] dAH R FojFo| whet FAPt SA6HH
st =&, o]2 59 4 34 XY 9F4 &

N

g dEe vlE, 22X G, 9 Fug 7o ouAd

St 2] o) Aol A H1] 20 mL 23 2EL 1270Y Al
H VRRo] 50%°] v]A|A] £ o] o5t F71st
109 IS EANE 20 mL o4 A& A7) QY AP
10 mL =9k Z&o] vs] 2.34Ho] D5tATHHR 2.315, 95%
CI 1.183-4.530, p=0.014).*” 7]# 21]7} 20 mL °|4<1 7
i 2L g Algttoz HA| £% 1Yo yxE +<
oA Adsr] oj#lg 13] AlETe2E Kl 7hAgo] A
T3 B A B T4 2Ee At Hnd F
otA o]FolA 1Y AAET Hl21 & Hu] HAE Hols
e HYh* 100% 118 24 BT VRRo] &F 67% 5
o] ME2E o Hj5), A Aduo] A ZHolA= 87%
ol J7HA] &E717| %= Fet Y Russell Bo] Al Mg AT
oA vl AEAF AH VRRO] 76%= 7HE =9k
1, g AEL 67% o]t

o9 Rajg A oflyX|(/mL) GAl A7 EIof| JFS
F& ¥lgeo|th. Noel 50| Hagh Aol W=H 756, 1,311,
2,109 J/mLolA 1271E 50% VRR @4E°] 242 50%,

°1‘.°£

1

it

in



g9I5HLtZ 2|

75%, 09%z UFEht, 9] g A o A7t FHU4E
S99 S AR At BHBE HoIF 53] AR
7t ok Bmshe Ty 248 43 gojo] 92 §4

L 282 o) W] Tk A% BE
3 ANE Aoleb] U ALAE B SH 4% 7ES %
7| WAl el wel Hug g ouxg 2ee &
Asfolo} giet.”
K875 UAMARO| TI5H X2 4K

AFTNOIAE: 33 ggto] oblet ZH4M 71 433k of
571 AR 439 Art 9o GEAR shg 7154
24 24 AAAA BHH S2E Y 715 stz
A% F @3 vl AB7 @AHOR Pgote QA

ABE BRI Lee 50| LS g7 = AFTN &
2ol RFAS A3t o] E4 TSH € 78] E§=41 4|7} 7]
& WY E JEEL u]8S 70%-80% 08 B g 5
Noel 5o HIH3 AAH FA1ZNA= 19 A- TSH 3
Ashgol 41%-57% WA= AA=EL, £1) 10 mL 9|5t
o] T AFTNOJIAlE AR g0l 74%-86%EH1L &
HaHoh? E3 27] 714 BH7} 15 mL olEkel AELS &
U RFA Al&Tho2 ] 75 AASE Aol =Eahs H]
go] Ad) A vls] Aoz EA AEH et ¥ ot
15-20 mLE 9olAlE tf-&3F AFTNOIY o AFTNOJIA
Y Ao FH YASE 7|dsh] ofFeh? 27] 7
57} 20 mLE ZIoH= tiE o)A 9 AlgTte g 7
3 22 & BAR| ol8e A9 oA whale] B 4zto
A7 o] ALt 2021 opAlo} gAIZEA AL
oM AH 2719} F @514 RFAS 18T 4 UH, &L A
A 3ol oE g Ao &=L ZA(HEH, i 5o
AEPAHLRE (RS $4 AES AL Attt
K3l PR AAE E71E H76A

243 g AlgAte v % HARE 2ot A4

—

-

=

x%x(;— Al ;<1 E}—

= =
B 24 78S 24 BA 02 YL W9 AR
of B2 2Ho] YAY AL ST HoIA T2 Y ¥

H] tiAE fA E o] @4 e EAA AEH Y] S S5O
S AFA] ALY 25 ALTE? anti-TPO FAIAY 714
SIA R E A A0l = SRt A= RFA & 74 /g4
7TsASEEED ¢ ongE As A Y QA Brter &
A+ 1A 7} whE glo] o] Foj&jof gty ) AFTN ghAte] 5222
136 12784 AA TSH, free T4, EZJ8QEEEY
(triiodothyronine, T3) 243} R A] A A XG5

W, $7} A2 24 B 4 240 okl 8% TSH 442
A4 7]Z0 2 At

;Hx1xr0| xﬁo|gr 0|5

RFA & 75%::1

A} 7:1x44
R s anHg‘ij, ke 74 o] XHAJX}—J A& e R
AolEt} 3 Xigoyin So] WH3l Axto] ©2H A& &
1-50] ZA3tst= AlF ARelofl 5%-20% Hl&2] Aol A
17 A4 8u)9] JAH Aol Eugch* Park 59 10
| FJE AolA= AA 45678 24 7HHl 5370(12%)°l
A 7ol ERlElon, B o= oF 41 Ao TAYst
At W Sim 5o] A3t 39.4709 F F2 Ao A
A7 BlEo] 24.1%% & © ¥, AL F1 50% ©]

} Z7WHA] 2361 57.4%7HA] Boldth Y AE o A%
FoET 150} o | A7} mESkR] ok 7Rt A
JZ& 2204 71gste] M FA1S AT A4

714 B 84S fdcts 74 A9 AR
FTFY 27] 714 Fu]e} vu} 7PgAEE A =
HAR 7ol X]EQ‘:} B2 7}—@1]*15 IRy
A A7 17 sto] 417 whH] 3]
o7 g A% Hﬂxﬂ?l ‘?‘iﬁ%ﬂ— :r“iuﬂoﬂﬁ FE o F
A2 ZAo] FEH S BebdsiA Al Hd
v gy 24 §9 W2 Aohd2 o] 24 Alx
E"T}%}‘ﬂ
Z71°] Z2el7] 913k B R

X927} 2L29E o] 83t /’ﬂ'f_—"ﬂz‘ﬂ](residual vital ratio,
(o]

o

> oy 19 rlo o fr ¥
o s

SR
N o3

o

ol
-

BNl o
2ok

i)
o

4z oS EL & ot

o149l FF A

RVR) Z74o] -85}, RVRo] ¥/ 712845 95 444
W 2ol wlestel AATEY S el S oA
A4 @11 A T £ g8 Y23 20 UR £

2 oA o

I} X529 ML

A7 225 24 F 2E9 AFHRA Ao
SRIEAY 827} SAsHE 224
1 A= 9 RFA 571 AlES gijtez uEgiet ) g
Qto] AAske F7F A7 2§ (1) HAF APFEF A F
I i8] 50% o4 Z71), (2) 1271¥ VRR 50% "9 (3) &

https://doi.org/10.35420/jcohns.2026.37.2.31 | 37



OJHIQIZ T A ZHAHM Z RFA

g Ee T8 2A9 29 say A 5 Al 7= gE

o
Ak 24 5 AW Y 97 A8TH A s 2

7 715 B9 271 222 459 1T Bas 9
oh3% 13} Al 0% 22§31 WAl Y3t 3] ol
A1 = YA Fo) olslrha MR ol &
2% 79 BHOT Aol 274 22S FLHHOE 5T 5
Itk AFTN el Al 2 Fol= B3 e 4
/b BAEA ho TRES BHlsk W] S £4L
GO FAote] 28 EHOT ek by 28 @
Ao BH A 23 o|Fl= A% Fyol A& 14
3 o2 229 Jehy Hgol U0 BAHo] 7t A%

g4 o At

37} RFAL 714402 3 A48t} 7l e Hol), of
AeE 29 B4 24L G n JgsiElol 4F o
5o 447] 9om, A thiolof & Qe £3) R A&l
BEFYE WY, 5 29 F2 729} g 7PEE 2900
AL AL 274 AR A o)A 17 A& A et
Szl wayet WY WY HAs % 24 9% Y
sjoste] A3 vRse] A AL B3 ARG SHPSD
ohe] e A7 Aol AEe U 249 B4 HAIPH A
sio] ohs 9 A B ATIE ol GoliA
A sglo] 27] A% B9 o2 X9} AolshA ek
donz FoTS A AVIEE 14 422 9% 249
S T4 8 A SRR B4 THgo] SElE 671l
A 1 o1 Ak Ak ol A 27} A2l A7l
MAFIT} 3 2ol Wdo] thot ukE ARFL
WA FPAIIT AF T2BY HRA 23
HIE 94 S7HSHEE AR 0|52 vmsle] A o3 2

etofof gef 3

x ¥

RO 227 2N B

RFA A% 5 349 24 Abe) 9 £4 289 ¥ wg}
Fol2 G0z W] 99 A& T 47149 285 3
% o] 48T KSThR Aigto] AAsH: Ha 24
Q4o 1-2749, 64, 12709, 293 o)F 6-12712 7+

olth3?) 4 A7juiet 28t A B4 WAS
o A& 5 190l ABste] FF Wi WA et et
A0E BIEW FYHOR 19 7712 B 14S A

oh32 71491 AL HAOIA] 3] WSR-S A& 5
o WEY WE W AR B AT S7E 5] gyoR
AU AFING HESHAL AP 3] 34 Ado]

38 | http:/www.jcohns.org

H A2 ‘ﬂ—""i—ﬂ 715 He= Totsty] sl 233
A AAE H3sto] A|ggsict 320 Tk
Z 0. Xﬂ*éxcl' SEAY th3] 9] WHEA
go] 2AEA g dolAE 9
A $&(delayed surgery)— ooz w2
goll A M2 wlAA 3]s} o] 3oy e/ 24
A B8 o] FE AT 24 HIrF T
2A 4 229 o3ty HA| £& A2 At A 4F
o] F& W 3o = spste] &t TF FHE WAY
A= s o] ARl YAE o] M E At A
A BA £&9 Q7b 2 o] EghEch “*Y RFA 2
g FIE AR OISy A gut 959 ARs
S 9 24 {& @ a5 PPN F2E 19 SEH
k] o L5 wigste] AASAIZICHY E3t wuk 9] HRE
Z212 RLNOJY A 9] BES Wefisto] & & A5
Y Eo] JFL vA LR & A] F9|E 7| &o]of gt 140

=73 %sﬂﬁ ZJ*OW RFAOHH 71 HIHsHA HiE= F
O gEFoR, dAF 34 Wek= 0.86%1.45%, 74 &
A 3= 0.17%0.2%2] HIEZ AAEG " Chung &
o) wEg WEEY AFE Y 28 Y 7ed 24
S} ARk H1Fo| 7 A9, WhAY AR djREo] RLN &
o] 712 44 7| AS TA Al 7R FREG 94
A4 B do] A0 4 A dido] R |
Aol F WAl 4% 59 FHd F4E HFo| Fol
A173& AASAY uretaA oy 0|2k &AfolH, A

WA= gzrielo] A7 FHOoE gHof WAsts FAA
uh3 4] EAfolTh 2 A-o] A TS, & 7| HA T
AL 91 Az FQoll A=FL U b &4 ol 7
AXIth= H2 o8] HiloflA da=A Z]X—qﬂ(ﬂ Q.o

Aol A
AZHunder-treatment)<
¥ 53l A= g fAE &
FAHA] FEE 5 4
= A% AAZE 7HAEsHEA A1 9t
E o Hreo s A4 417 A
- A A2 PAoks A £
thonj® AT} 417 7+ F4 3 mm ©J4H9]

)
>., =
i& of
e
SuA(C)
rO FlO r
S
oX ol
o
$ 2
&
o 1o
rlr 2
e
ook
S
_|\1

N
|o
ol
2
il
O
45
o
pad
N

e
ch
=
+
2
ol s
"
19
-,
i}
o

.

¥
rE
|o
Hu

)
o oo
it
o
)
oo

r
3

O o Hr oo R o

2



g9I5HLtZ 2|

Aol A8 Aol B 7)EoIe

olelF SNt A% F AHHOE Tl 4 Ut
o A% 3 AN 24 BUEFolth F4nH ooy
P45t A4HOE Yaste] 24 Wt 2710 A,

18

i

o4 4ol kel Z4] 2442 FUSHE Ao] F]elc
AR AL A 5 24 FERAZS 89 4

252 A BU|E Wt &4 Wbt LY At
DSWE RLN 410 £4] F8l "7 5 wrel'7h ft
A9l A selet. Ff ATOIAL o HHOR A F 24
WIS Bte] 44t 24 Blo) Srelsigln 2 Alg 3
o 24 W3P7F ALk FEWAG BIHE Z7F A te]
g vile] 9 - =S ABHOT Ao} st o2
2 13749 ot A4l SEElAer A4 ofulel o]
o) SA Bt AT Yol BRT 4 et

RFA A147 Tis d9hy Gase 34 Ads 94 %
Aol wet A& % sl wuky A S8 A8 o
AT BF0 Liro] AuE Witk F A LE 11y
AT 7 o] BRa) REs SRR, e 29 4
U, ARAPAEU)S H ks e ATo] s 34

N

11)

oA H|ZEH H1EE HEE 0.9%2.1% HYolch.
Als 302y ZAM =
A& E5ol ARAYL 4 W) At 47 55, 5o

Aede 53 S S0 S48 S HeItL M E

We gug 7l A8 FEAT FA0 2enz 284
g0l Ags, o Bl
A7} 4 ek ggo) 4l
LNH &4 I} B S AT, BEo| FREE
CLEEEEEERER

g AL EE 2302 02t 29 B
wo) 9718 APES) EUsH i 7, ol B
% Sk 1Y AR GANF TP 18 0

Jo] e Ao vla) B &4 2B $R59 A

_,
ol

ofu] QA WEthe WE AnsA BEE o] Yo 0W JoFE
w4 AL nuhy 28 WA s AE AsHIZ 4 9]
A 2710 32 B =02 A FH A& F ¢

A& T BFL0.9%2.1%2] Bl BiEny’) by 93]
| w2t Al 71A] Fej2 ERF ok AR FH8(perithyroidal)
d%, "9sk(subcapsular) 8%, 24 Y(intranodular) &
o] 10|}t ¥ YQle B o7 £, MG FHo|Lt
mju} 9] o] &Ato] 7p 53t Yeloleh® Tt WAy
AFL oA, HEE Al S5 5o SRIFAT A=
A Aol HRARA A EFo] FAE Al AAE =
Al Fsfol Pd ALE Bugc ! Ao g 2 ouAt

)

Ql

o

2
lo
il
n‘,01|
i
il
A
T
[\e]
W
2
2,
e
)
ol
> r
BCE
R}

1819 gFo] YR IAL B BHgo] F
o 43 AY A2 Yotk 53R doo] Aof ot
Aee BA FHIL A% P 5 A7 o158 4

o] 34 29

Eﬁoti?jﬁ_—lojln&m[orz
Ol o
ﬁ o = o
it ml- fe ¢
Ol
o 8 g
&
S
o
o
oo rk Jo
Ho
S In
E M
o 120G
1> ~
=

N
I~

o X i
Mo 3@

N
HT

Aok
.
1o
1o
&
oo
o
)
O,

fo

-

i
&

e
i)
ol
1o
N,
e
1
ch
rlr
=}
=
ox
i
e
1o
[
pou)
i)
0,
[t
N
52

ok AEAE o 29) Bt A4
S ARSIk At B3 A& A B
P8 el 2YHA) e DR v]F AT

2L 5 ool £S5 Ut

oM,

o,

2,

k1 1o
do
-
[rt

A

aCh

2,

i}

22 oI

A4 9L 2 A4 R Z2Ho s =27 RFAC]

https://doi.org/10.35420/jcohns.2026.37.2.31 | 39



O[H[QI= 30| 2] 2441 ZE RFA

oA IS Aoz PP e 9 Ao 2nE
MAGOEA F4E RUE S B FRol I 9L
25 Agro] Ago] whEh HAH o g A7)7F Eolte &
A uoltih 59 A EelA Tjgdo] ol

|14 i‘@oﬂfﬂ 2 U 89 A= () X W A
BolHl 2, () T B2 AV, (3) B =t 4
A T A el (4) A F oA EE B &
49 5 ] 74 ks Aol AAElo] ek Tefe mhy
9] 9] QAR A AEHE AEL A& T 7 HIs vt
AA B B9, FAT AR 29, 1o 27 B
3 4.5 cm oA}9] 2 24 Fol}.® E}E}/ﬁ /\]E = S]]

A (D) Ale A9 THAAL vpAASHA] & A, (2) Fofl 7
2 ol 9 52 7kl T A, 3) #AAR =de

SAY 43 252 12570 9 7/4\ 5= TAZCE ¢t
3] Fofof gt gAaejst oz AW gL A= A
FRoE BRE 7MY &3t A2 A w4 o= AA Y
83%(25/30)5 AFAstH, o|efof S mjuf wpd, Tej 3 AE
Y otd 2 o]0z ju}sl mtgo] Qlct.

ol et X g oo et 3 el wet A
Ao gt A2 wg2 AEAet PA|, At TRt
o2% A SAHE At gk 28 SAHoE By
AEH AA7F 879 HlEo] oF 45%(15/33)00 cl2FthH=
HIE EAetng, HEA 7gofgh o&shr| Ht= A4t 4
e HAY3| FHo} et 4.5 cm o|4Fe] Z A-A]
ool ATt B 271 7E IEH SAE FAHHE HE
3h= mo] P! IR 2 A E HEH A8
£ WA Al=sf B ¥go] H|ESAY sYoE APL 7
B FE U = e W0 R $A4 Ve 9AAY A
o] A At

AA _u_]—(ﬁjq_ OV\J ok/\c}o] l:]] o]-z]u} E%___]O] r,]-E ﬂ’
W20 g Mg dAHsHpseudocystic transformation,
colliquation)7} B3 17| wZo] ZIek A] F=05}ofof
S A eRe AR A ] AA)7) AR Zete

0|

2 REEE FA0R A& T ok 33 A BEZT 1A
& AX B=9 Ho|d grad gt M Bl 0.3%4.9% H

91z RIS A% F A 28] B4A HaHAo

7, W3 P, vIHE FA) PG ste] 283t 22
o A2 FAL Bio] glo] Aeto] ojele Zwlo] Yk A
22 47 FEETANRIS 2% vRA F WS
o] Qitjo]et.

40 | http:/www.jcohns.org

aaM 7|5 01
RFA & A 715 Wske 3A A3 3553 9

T W7 ARG O R Ut A IHAESS &
2 oA 28 ff PSS ERC] FF0R HEE U4
ot ok SRjol| A= FAto] ArlskAL §lar 1-270Y <t
of At =2AY, A1k AF A Bol B3t B4
oln, ZAfo] Mgt 7% wEAAAZ 28 5= It 714
7153150l e FANAE Ale AT HIAES
9] ofs} 9j9lo] AR B2 thshA] g&lo] "asirt >

I8 A7 s Ao o EET T dA Qith
1,45939] SRS EA9E tiatit Aol 4] 13(0.07%)°1141
T A 75 A skgol BalE =T, o] ¥R Al A A
A A7 E S thEH anti-TPO A7t B8] A5 0] 9lo]
714 A7FRGA DY Aol AP A w0 RS Al
AFgteh Y 9HE AP AAI7E 22 AFTN SN E =2

Al Y7 715 A8 BEE s HE Fosjof gt a8
& RFAE Agoh= SAtolAl A A7HdA AAE 233t
A& A A 715 B7Fe AlBsloF ob, anti-TPO E& T
WHASERED FA7E AR ERIFY Ale & J+ 75
A35te] 7He A4S Abalol Shatoll A S-83] Qrsiof gk,

714 A 71501 7371 SERtol|l A g 49 ARt RFASH
758 of et & Z-ol st RFA, 181 B S A&
HEo] gl EAolA] RS0l RFAE A3 Aol i
B A 7)50] & HERE Aoz dEA ot Hong
5ol Al U AtollMe F5 ¢4 Z24Eo] Higt RFA &
WA 7% BEEC] 95%E AR5t W& HA| WY
o] Q1= AT RFA & A717F 9jn] Sl 715 A5kt ¢l
T Ao uEQIe 34 F A7 5 AAR: Zolx A
FA(1-270)oA = Aok, A7FA| G SRt A= o]
B wiweh myE o] g

Z0j3 SrE5T Ng

B3E 4@ 394 A% 47 /19 8¢ Byoz. i de
£ OBISTHA R S A 290 393
$58 B4 Bt opfek, Xob- & - A o] - 7k Fo

HES Ml B 550 ol B

HE ol 5 wsich ojtke] 4

g YA Fastel s s,

ool Aol £UEHAW? Fgo] A

FStEs EE AE1S d5o] 1 A4S Alqstolof ket
g2 0

3%6%2] HlEZ R1EH, gi7f 38T AR7IA|

AFT



{SHLtZ 2|

JE
ol

52 OF 1.0%01A HAgstH, A= A 79 89 An|

71 B35 FAJolch !V iR 24417k o]ufof] &bl

Ao A= HEFHERE 1.5 mg @3] Foj2 13
o] wlw# w24 7}etkert.

o5 S 0.27% YIEE BUEH togrt A3 1Y
Bolo] 1= Mo 7-10% <ol A4 3|=Ht. 1 18]
A AT 3ol WA 350 A AfET ¥hES
A E EAstEE A= 29 Al 95ete] ¥ 240t
3t FA fEg "4Fog Basjor gk 94l F9l @
A AEtxE7] 5 A718 A BAE 7 SAelA = &
=/ (bipolar) A= AFg-o] 3 B H 1714 1144E Al
ZoJ& § go] Hr}3

o4 - FE= 0.62%014 LA thFE 1-2¢ <t
SAEY, 7 AAO|A = FFEA Aol BT &
ok 71 4L 1.26%0014 WeRte, F2 73] Ahet 2
Mg 428 o {1 7)4 dgto] Jojubs A9 A
S 7|TolA B SEAT|AY B2 B4 95 ARESHL
28 W5y 2do| 7Hssiets
FAIZRREE 0.34%014 =, A9 AFet, Ut
o4, TEaH f2= FLES o4 Ao FHE UEhd
o} 12 1’411-{ 24A17F o|Ujof] &/-F §lo] SEEY AsZ
YA FHtAY B the] AATOZ 108 ojHof diAEE
A97F gt B2 55, Ee vFAE A A9 Ao
&5 gt gqlojy. 'Y

AAA THUZ 0.46%014 L5, AT ER =

= 55 dE ACoE A VA 1FU0] U= ST%
Aol A e Aoz Eﬂﬂ%} W asee 28w o
I 3= el 7Pk A=

RFAE 1]§+= #o| kst
A&H Y HYEH S A

s

_4

r

l-l

ﬂl{

u

—_—

=
2l
ok
el
o_é
=91=
Py
_?L
=
N
olr
il
HL
By
ol
i
re,
R
ok
b
b
jatal

'rr‘

S7jolc}, o} Y%

3 A, T
59wl 5 94 2719 $9F Ago] e,
2

[
d%
_]

15

A3 7hsdE Aol FaL AAER]

o, 22 srey A=
=
=

o

24 3
2 FYPoRHA AL
ouct ofu|QlFa} Ak
3 87k 53, g3 of
34 viEos 144 RFA

[e) . ‘c?l. %
Aol glo] WA AL 2B 4 4L A2 Bl

Acknowledgements
Not applicable.

Funding Information
Not applicable.

Conflicts of Interest
No potential conflict of interest relevant to this article was

reported.

ORCID
Hanaro Park, https://orcid.org/0000-0001-6804-0760
Minju Lee, https://orcid.org/0009-0007-8061-8167

Author Contribution

Conceptualization: Park H.

Investigation: Park H, Lee M.

Writing - original draft: Park H.

Writing - review & editing: Park H, Lee M.

Ethics Approval
Not applicable.

References

1. Park YJ, Lee EK, Song YS, Kang SH, Koo BS, Kim
SW, et al. Korean Thyroid Association management
guidelines for patients with thyroid nodules 2024. Int J
Thyroidol 2024;17(1):208-44.

2. Moon JH, Hyun MK, Lee JY, Shim JI, Kim TH, Choi
HS, et al. Prevalence of thyroid nodules and their

associated clinical parameters: a large-scale, multi-

https:/doi.org/10.35420/jcohns.2026.37.2.31 | 41



O[H[QI= 30| 2] 2441 ZE RFA

4,

10.

11.

12.

42

center-based health checkup study. Korean J Intern
Med 2018;33(4):753-62.

Ha EJ, Baek JH, Che Y, Chou YH, Fukunari N, Kim
J, et al. Radiofrequency ablation of benign thyroid
nodules: recommendations from the Asian Confer-
ence on Tumor Ablation Task Force. Ultrasonography
2021;40(1):75-82.

Noel JE, Sinclair CF. Radiofrequency ablation for
benign thyroid nodules. J Clin Endocrinol Metab
2024;109(1):e12-7.

. Gharib H, Papini E, Garber JR, Duick DS, Harrell RM,

Hegedus L, et al. American Association of Clinical
Endocrinologists, American College of Endocrinolo-
gy, and Associazione Medici Endocrinologi medical
guidelines for clinical practice for the diagnosis and
management of thyroid nodules - 2016 update appen-
dix. Endocr Pract 2016;22(Suppl 1):1-60.

Sung JY. Effective and safe application of radiofre-
quency ablation for benign thyroid nodules. J Korean
Soc Radiol 2023;84(5):985-98.

Baek JH, Lee JH, Sung JY, Bae JI, Kim KT, Sim J,
et al. Complications encountered in the treatment
of benign thyroid nodules with US-guided radiof-
requency ablation: a multicenter study. Radiology
2012;262(1):335-42.

Han Z, Shen X, Wang R. Perspective in radiofrequen-
cy ablation for benign thyroid nodules: a perspective.
Medicine 2025;104(50):e44748.

Sung JY, Baek JH, Jung SL, Kim J, Kim KS, Lee D,
et al. Radiofrequency ablation for autonomously func-
tioning thyroid nodules: a multicenter study. Thyroid
2015;25(1):112-7.

Ross DS, Burch HB, Cooper DS, Greenlee MC,
Laurberg P, Maia AL, et al. 2016 American Thyroid
Association guidelines for diagnosis and management
of hyperthyroidism and other causes of thyrotoxicosis.
Thyroid 2016;26(10):1343-421.

Issa PP, Cironi K, Rezvani L, Kandil E. Radiofrequency
ablation of thyroid nodules: a clinical review of treat-
ment complications. Gland Surg 2024;13(1):77-86.

Sim JS, Baek JH. Long-term outcomes following ther-

| http:/www.jcohns.org

13.

14.

15.

16.

17.

18.

19.

20.

mal ablation of benign thyroid nodules as an alterna-
tive to surgery: the importance of controlling regrowth.
Endocrinol Metab 2019;34(2):117-23.

Lim H, Lee MK, Choi MS, Cho W, Park JS, Sim JS, et
al. Comparative efficacy and safety of radiofrequency
ablation and microwave ablation in benign thyroid
nodule treatment: a systematic review and meta-analy-
sis. Eur Radiol 2025;35(2):612-23.

Orloff LA, Noel JE, Stack BC Jr, Russell MD, An-
gelos P, Baek JH, et al. Radiofrequency ablation and
related ultrasound-guided ablation technologies for
treatment of benign and malignant thyroid disease: an
international multidisciplinary consensus statement of
the American Head and Neck Society Endocrine Sur-
gery Section with the Asia Pacific Society of Thyroid
Surgery, Associazione Medici Endocrinologi, British
Association of Endocrine and Thyroid Surgeons, Euro-
pean 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(3):633-60.
Chu KF, Dupuy DE. Thermal ablation of tumours: bio-
logical mechanisms and advances in therapy. Nat Rev
Cancer 2014;14(3):199-208.

Ahn HS, Jung SL, Baek JH, Sung JY, Kim J. Training
of radiofrequency ablation for thyroid nodules in Ko-
rea: current and future perspective. J Korean Soc Radi-
ol 2023;84(5):1009-16.

Kim J, Baek JH, Lim HK, Ahn HS, Baek SM, Choi
YJ, et al. 2017 Thyroid radiofrequency ablation guide-
line: Korean Society of Thyroid Radiology. Korean J
Radiol 2018;19(4):632-55.

Kim J, Baek JH, Lim HK, Na DG. Summary of the
2017 thyroid radiofrequency ablation guideline and
comparison with the 2012 guideline. Ultrasonography
2019;38(2):125-34.

Kim J, Baek JH, Lim HK, Na DG. Summary of the
2017 thyroid radiofrequency ablation guideline and
comparison with the 2012 guideline. Ultrasonography
2019;38(2):125-34.

Ha EJ, Back JH, Che Y, Chou YH, Fukunari N, Kim



1z
ol

{SHLtZ 2|

21.

22.

23.

24.

25.

26.

27.

28.

29.

JH, et al. Radiofrequency ablation of benign thyroid
nodules: recommendations from the Asian Conference
on Tumor Ablation Task Force — secondary publica-
tion. ] Med Ultrasound 2021;29(2):77-83.

Lui MS, Patel KN. Current guidelines for the applica-
tion of radiofrequency ablation for thyroid nodules: a
narrative review. Gland Surg 2024;13(1):59-69.

Chung SR, Suh CH, Baek JH, Park HS, Choi Y],
Lee JH. Safety of radiofrequency ablation of benign
thyroid nodules and recurrent thyroid cancers: a
systematic review and meta-analysis. Int J Hyperth
2017;33(8):920-30.

Deandrea M, Sung JY, Limone P, Mormile A, Garino
F, Ragazzoni F, et al. Efficacy and safety of radiofre-
quency ablation versus observation for nonfunctioning
benign thyroid nodules: a randomized controlled inter-
national collaborative trial. Thyroid 2015;25(8):890-6.

Xiaoyin T, Ping L, Dan C, Min D, Jiachang C, Tao W,
et al. Risk assessment and hydrodissection technique
for radiofrequency ablation of thyroid benign nodules.
J Cancer 2018;9(17):3058-66.

Monpeyssen H, Alamri A, Ben Hamou A. Long-term
results of ultrasound-guided radiofrequency ablation
of benign thyroid nodules: state of the art and future
perspectives—a systematic review. Front Endocrinol
2021;12:622996.

Shin JE, Baek JH, Ha EJ, Choi YJ, Choi WJ, Lee JH.
Ultrasound features of middle cervical sympathetic
ganglion. Clin J Pain 2015;31(10):909-13.

Yan L, Luo Y, Xie F, Zhang M, Xiao J. Residual vi-
tal ratio: predicting regrowth after radiofrequency
ablation for benign thyroid nodules. Int J Hyperth
2020;37(1):1139-48.

Cesareo R, Manfrini S, Pasqualini V, Ambrogi C, San-
son G, Gallo A, et al. Laser ablation versus radiofre-
quency ablation for thyroid nodules: 12-month results
of a randomized trial (LARA II Study). J Clin Endocri-
nol Metab 2021;106(6):1692-701.

Kuo EJ, Oh A, Hu Y, McManus CM, Lee JA, Kuo JH.
If the price is right: cost-effectiveness of radiofrequen-

cy ablation versus thyroidectomy in the treatment of

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

benign thyroid nodules. Surgery 2023;173(1):201-6.
Javid M, Mirdamadi A, Sheida F, Nayak SS, Borkar
R, Hegde R, et al. Efficacy of radiofrequency ablation
in autonomous functioning thyroid nodules: a com-
prehensive systematic review and meta-analysis. Acad
Radiol 2024;31(12):4843-55.

Park HS, Baek JH, Park AW, Chung SR, Choi YJ,
Lee JH. Thyroid radiofrequency ablation: updates on
innovative devices and techniques. Korean J Radiol
2017;18(4):615-23.

Cesareo R, Pacella CM, Pasqualini V, Campagna G,
Iozzino M, Gallo A, et al. Laser ablation versus radiof-
requency ablation for benign non-functioning thyroid
nodules: six-month results of a randomized, parallel,
open-label, trial (LARA trial). Thyroid 2020;30(6):847-
56.

Jeong SY, Baek JH, Chung SR, Choi YJ, Chung KW,
Kim TY, et al. Radiofrequency ablation of benign
thyroid nodules: the value of anterolateral hydrodissec-
tion. Ultrasonography 2023;42(3):432-9.

Russell JO, Desai DD, Noel JE, Hussein M, Toraih E,
Seo S, et al. Radiofrequency ablation of benign thyroid
nodules: a prospective, multi-institutional North Amer-
ican experience. Surgery 2024;175(1):139-45.

Park SI, Baek JH, Lee DH, Chung SR, Song DE, Kim
WG, et al. Radiofrequency ablation for the treatment
of benign thyroid nodules: 10-year experience. Thyroid
2024;34(8):990-8.

Shin JH, Seo M, Lee MK, Jung SL. Radiofrequen-
cy ablation of benign thyroid nodules: 10-year fol-
low-up results from a single center. Korean J Radiol
2025;26(2):193-203.

Muhammad H, Santhanam P, Russell JO. Radiofre-
quency ablation and thyroid nodules: updated system-
atic review. Endocrine 2021;72(3):619-32.

Durante C, Grani G, Lamartina L, Filetti S, Mandel SJ,
Cooper DS. The diagnosis and management of thyroid
nodules: a review. JAMA 2018;319(9):914-24.

Lee AKF, Hui T, Yeung ZWC, Wong EWY, Chan
JYK, Lau EHL. Radiofrequency ablation compared

to surgery for thyroid nodules: a case for office

https://doi.org/10.35420/jcohns.2026.37.2.31 | 43



O[H[QI= 30| 2] 2441 ZE RFA

40.

41.

42.

43.

44

based treatment. Laryngoscope Investig Otolaryngol
2024;9(3):e1276.

Sim JS, Baek JH, Lee J, Cho W, Jung SI. Radiofre-
quency ablation of benign thyroid nodules: depicting
early sign of regrowth by calculating vital volume. Int
J Hyperth 2017;33(8):905-10.

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. Kore-
an J Radiol 2014;15(6):836-43.

Chung SR, Baek JH, Choi YJ, Lee JH. Management
strategy for nerve damage during radiofrequency abla-
tion of thyroid nodules. Int J Hyperth 2019;36(1):203-9.
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

| http:/www.jcohns.org

44,

45.

46.

47.

2020;35(2):407-15.

Shah M, McManus C. The role of radiofrequency ab-
lation in benign and malignant thyroid nodules. Surg
Clin N Am 2024;104(4):779-89.

Chung SR, Baek JH, Sung JY, Ryu JH, Jung SL. Re-
visiting rupture of benign thyroid nodules after radiof-
requency ablation: various types and imaging features.
Endocrinol Metab 2019;34(4):415-21.

Hong MJ, Baek JH, Choi YJ, Lee JH, Lim HK,
Shong YK, et al. Radiofrequency ablation is a thy-
roid function—preserving treatment for patients with
bilateral benign thyroid nodules. J Vasc Interv Radiol
2015;26(1):55-61.

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 previ-
ous lobectomy. Thyroid 2013;23(3):289-93.



