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Local ablation has been accepted in many treatment guidelines as a good alternative to
curative resection or transplantation for patients with unresectable hepatocellular carcinoma
(HCC). The main advantage of local ablative therapy is minimal invasiveness, guaranteeing low
morbidity even for the patient with poor hepatic reserve. Furthermore, the therapeutic efficacy of
local ablation, especially radiofrequency ablation (RFA), has been shown to be as effective as
surgical resection for early-stage (smaller than 3 cm, less than 4 in number) HCC. The long-term
outcome after radiofrequency ablation for HCC reported in large series studies were overall
survival of 50% to 60% at 5 years and 27 to 32% at 10 years. Major complication rates are 0%
to 2.4%. However, controversy remains regarding whether local ablation can replace surgical
resection because many retrospective comparative studies have produced conflicting results.
Only a well-designed randomized study will be able to clearly answer this long-standing ques-
tion. During the past decade, many technical advancements in local ablation have been re-
ported, including novel electrodes, thermal protection (i.e., artificial ascites), fusion image guid-
ance, Sonazoid-enhanced ultrasound guidance, and emerging energy sources (i.e., micro-
waves, High internsity focused ultrasound, Irreversible electroporation). Local ablation is still an
evolving technique in the era of minimally invasive treatment for HCC. Many more technical
advances are ongoing to enhance the therapeutic efficacy of local ablation. In summary, local
ablation will remain a mainstay of non-surgical treatment early stage HCC and play an important
role in multidisciplinary approach for HCC management.
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Figure 1. Radiofrequency ablation with assistance of Sonazoid enhanced ultrasound (US) and fusion image guidance with magnetic reso-
nance (MR) imaging. (A) MR scan obtained during hepatic arterial phase shows 1.1 cm-sized-hypervascular mass (arrow) in segment V
before radiofrequency ablation. (B) Planning ultrasonography (US, left image) with fusion image (MR, right image) guidance before radiof-
requency ablation shows a very inconspicuous tumor (arrow) on gray scale image. Sonazoid enhanced US demonstrates arterial hyper-
vascular mass (C, arrow) on vascular phase and hypoechoic lesion (D) in the corresponding area on Kupffer phase (10 minutes delay)
representing hepatocellular carcinoma. It helps to insert radiofreqeuncy electrode into target lesion confidently due to enhancement of
tumor conspicuity. (E) During RF ablation, the hypoechoic index tumor changes into hyperechoic area (arrowhead) due to microbubbles
from vaporization of tumors. (F) Axial computed tomography scan obtained during portal phase obtained immediately after radiofrequency
ablation shows complete ablation with an enough ablative margin (arrow).

ol thgt 249l A57t 7Fe A7) Alaglen, 3 cm
opgel Hlua & FFol tha A= TACESH W el &
7} AR o] del 2A95kEan et dH, F ol Hot

el AR E ARE o] g 5 Sl rho] 2z so]
2PV e 8 S0 B4 Bt o
o] F2 2 o 1Agt 91209] EYol s nFEHAH

2 djAlslz slez o dEchas),

Dot RS a3 THF F shiel 10l o

i

o} ofi= 53] 2be] Zejrlo] $121 FFol dlel i 25}
AL IR T 5S4 5 e ol At
7F=2]Y-2--EOB-Gadoxate _Z\_ngﬂ% 0|83t MRV} &
Aglelof whe A AR 1 cm A3-9] ZRe EokEo)| o
& 2EIHEs 287 A oA A B 28y,

968 7HHEY A Axiso| wx

A 209 8 Hfusion images) F=3Fe] X571 7}
Sl wet, CTU MRIS] 7)1&294-8 A7 280k}
AAE S8l A vl ZaL Bjnfgk Fk %
A3 AksIsto] 2to) Fssh A W), B, A2 %
Wells= =deo] ARgo] 7hsadl A 25014 259k
oJA(Sonazoid)Z 13 1 cm AT 9] 2ke. 7hA| L A7}A] o

dzIto] B Bols A = oH, 10 F AA47] Kupf-
fer phaseZ QA& o]&3}e] W} He3l AZo] 7153 A]
27| Rtk z7) x| 2 el ZHd| 82 7hrbo] Tt o 9tk
[29,30] (Figure 1).

mAeto 2 mEselA R P
SilE AuFAael 2] 59
o2 FAYIEAE SN
AT AT P F o, FFolw o] Fe I 4

o] ahE ZRATIE ekl Ao Qi go) Bk
Ao 7|t

<
B
o

g Ezgo| ZHE I
oA

1
_10

o

filo

Ou:

e
>

N

ek

-

_4

iy

J Korean Med Assoc 2013 November; 56(11): 964-971



LA ZY el gt =4 22be e Be S 88
nAIRsE A AR R QIFE QP e ' Qe =

4
ol81A] ghe T THATHS B e 7RIS Bl
= ol

o|AZ o] BE o] &2l Ko} whE ARF Holl & T4 A=
7} 7Vsdl A Ao g dPdE | Irreversible electroporation
o]y} High internsity focused ultrasound 5-2] o}2] %7]
AR A oA o] 7R 5 mAREA X852 7

3 i RleE Ao = AY7ee31,32),
2 =

[e)

N
=
B
=)

o theh =& a2 Al B4 =

(3 cmoJs}, 37] oJsholl thit th#< vl
o7 FAAQ] AgTtol =kl g gl
Aol 10 dA|Et 2 vt Vs
A Erzte] W ayo s JHA|E A5
A2 8] S7HE Ao R o e,

~
™

Al

4
2

f
I

N
Al
T H
(]

oA T T )
L
20
R
S
e

2
H
P

N
W
L

o
0z
Ok

0f: ZHM| 2Rk S Abs; DR DA,
0|MEISX|E; ojo|A290lE x| 2

REFERENCES

1. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lan-
cet 2012;379:1245-1255.

2. Dodd GD 3rd, Soulen MC, Kane RA, Livraghi T, Lees WR,
Yamashita Y, Gillams AR, Karahan Ol, Rhim H. Minimally inva-
sive treatment of malignant hepatic tumors: at the threshold
of a major breakthrough. Radiographics 2000;20:9-27.

3. Gazelle GS, Goldberg SN, Solbiati L, Livraghi T. Tumor ablation
with radio-frequency energy. Radiology 2000;217:633-346.

4. McGhana JR Dodd GD 3rd. Radiofrequency ablation of the
liver: current status. AJR Am J Roentgenol 2001;176:3-16.

J Korean Med Assoc 2013 November; 56(11): 964-971

o

) S
)

Local ablation for hepatocellular carcinoma % b
(=]

Rhim H, Goldberg SN, Dodd GD 3rd, Solbiati L, Lim HK,
Tonolini M, Cho OK. Essential techniques for successful radio-
frequency thermal ablation of malignant hepatic tumors.
Radiographics 2001;21 Spec No:S17-S35.

Korean Liver Cancer Study Group and National Cancer Center,
Korea. Practice guidelines for management of hepatocellular
carcinoma 2009. Korean J Hepatol 2009;15:391-423.

European Association For The Study Of The Liver; European
Organisation For Research And Treatment Of Cancer. EASL:
EORTC clinical practice guidelines: management of hepato-
cellular carcinoma. J Hepatol 2012;56:908-943.

Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida
H, Kudo M, Lee JM, Choi BI, Poon RT, Shiina S, Cheng AL, Jia
JD, Obi S, Han KH, Jafri W, Chow P, Lim SG, Chawla YK,
Budihusodo U, Gani RA, Lesmana CR, Putranto TA, Liaw YF,
Sarin SK. Asian Pacific Association for the Study of the Liver
consensus recommendations on hepatocellular carcinoma.
Hepatol Int 2010;4:439-474.

Kudo M, lzumi N, Kokudo N, Matsui O, Sakamoto M,
Nakashima O, Kojiro M, Makuuchi M; HCC Expert Panel of
Japan Society of Hepatology. Management of hepatocellular
carcinoma in Japan: Consensus-Based Clinical Practice Guide-
lines proposed by the Japan Society of Hepatology (JSH)
2010 updated version. Dig Dis 2011;29:339-364.

. Shiina S, Teratani T, Obi S, Sato S, Tateishi R, Fujishima T,

Ishikawa T, Koike Y, Yoshida H, Kawabe T, Omata M. A ran-
domized controlled trial of radiofrequency ablation with etha-
nol injection for small hepatocellular carcinoma. Gastroen-
terology 2005;129:122-130.

. Lencioni RA, Allgaier HR Cioni D, Olschewski M, Deibert P

Crocetti L, Frings H, Laubenberger J, Zuber |, Blum HE, Barto-
lozzi C. Small hepatocellular carcinoma in cirrhosis: random-
ized comparison of radio-frequency thermal ablation versus
percutaneous ethanol injection. Radiology 2003;228:235-240.

. Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC. Randomised

controlled trial comparing percutaneous radiofrequency ther
mal ablation, percutaneous ethanol injection, and percuta-
neous acetic acid injection to treat hepatocellular carcinoma
of 3 cm or less. Gut 2005;54:1151-1156.

. Cha DI, Lee MW, Rhim H, Choi D, KimYS, Lim HK. Thera-

peutic efficacy and safety of percutaneous ethanol injection
with or without combined radiofrequency ablation for hepato-
cellular carcinomas in high risk locations. Korean J Radiol
2013;14:240-247

. Takaki H, Yamakado K, Nakatsuka A, Fuke H, Murata K, Shiraki

K, Takeda K. Radiofrequency ablation combined with chemo-
embolization for the treatment of hepatocellular carcinomas 5
cm or smaller: risk factors for local tumor progression. J Vasc
Interv Radiol 2007;18:856-861.

tistieareizxl 969



Rhim H

20.

21.

22.

23.

. Rhim H, Lee MH, KimYS, Choi D, Lee WJ, Lim HK. Planning

sonography to assess the feasibility of percutaneous radio-
frequency ablation of hepatocellular carcinomas. AJR Am J
Roentgenol 2008;190:1324-1330.

. Livraghi T, Meloni F, Di Stasi M, Rolle E, Solbiati L, Tinelli C,

Rossi S. Sustained complete response and complications
rates after radiofrequency ablation of very early hepatocellular
carcinoma in cirrhosis: is resection still the treatment of
choice? Hepatology 2008;47:82-89.

Shiina S, Tateishi R, Arano T, Uchino K, Enooku K, Nakagawa
H, Asaoka Y, Sato T, Masuzaki R, Kondo Y, Goto T, Yoshida H,
Omata M, Koike K. Radiofrequency ablation for hepatocellular
carcinoma: 10-year outcome and prognostic factors. Am J
Gastroenterol 2012;107:569-577.

. KimYS, Lim HK, Rhim H, Lee MW, Choi D, Lee WJ, Paik SW,

Koh KC, Lee JH, Choi MS, Gwak GY, Yoo BC. Ten-year out-
comes of percutaneous radiofrequency ablation as first-line
therapy of early hepatocellular carcinoma: analysis of prognos-
tic factors. J Hepatol 2013;58:89-97.

. Waki K, Aikata H, Katamura Y, Kawaoka T, Takaki S, Hiramatsu

A, Takahashi S, Toyota N, Ito K, Chayama K. Percutaneous
radiofrequency ablation as first-line treatment for small hepa-
tocellular carcinoma: results and prognostic factors on long-
term follow up. J Gastroenterol Hepatol 2010;25:5697-604.

Chen MS, Li JQ, Zheng Y, Guo RP Liang HH, Zhang YQ, Lin
XJ, Lau WY. A prospective randomized trial comparing percu-
taneous local ablative therapy and partial hepatectomy for
small hepatocellular carcinoma. Ann Surg 2006;243:321-328.

Huang J, Yan L, Cheng Z, Wu H, Du L, Wang J, XuY, ZengY. A
randomized trial comparing radiofrequency ablation and sur
gical resection for HCC conforming to the Milan criteria. Ann
Surg 2010;252:903-912.

Feng K, Yan J, Li X, Xia F;, Ma K, Wang S, Bie FE Dong J. A ran-
domized controlled trial of radiofrequency ablation and surgi-
cal resection in the treatment of small hepatocellular carcino-
ma. J Hepatol 2012;57:794-802.

Hasegawa K, Kokudo N, Makuuchi M, Izumi N, Ichida T, Kudo
M, KuY, Sakamoto M, Nakashima O, Matsui O, Matsuyama Y.
Comparison of resection and ablation for hepatocellular carci-

970 ZMZY 24 AZkso| WX

24.

25.

26.

27

28.

29.

30.

31.

32.

noma: a cohort study based on a Japanese nationwide sur
vey. J Hepatol 2013;58:724-729.

Livraghi T, Solbiati L, Meloni MF, Gazelle GS, Halpern EF,
Goldberg SN. Treatment of focal liver tumors with percuta-
neous radio-frequency ablation: complications encountered in
a multicenter study. Radiology 2003;226:441-451.

Mulier S, Mulier B NiY, Miao, Dupas B, Marchal G, De Wever
|, Michel L. Complications of radiofrequency coagulation of
liver tumours. Br J Surg 2002;89:1206-1222.

N’Kontchou G, Aout M, Laurent A, Nahon R Ganne-Carrie N,
Grando V, Baghad |, Roulot D, Trinchet JC, Sellier N, Cherqui D,
Vicaut E, Beaugrand M, Seror O. Survival after radiofrequency
ablation and salvage transplantation in patients with
hepatocellular carcinoma and Child-Pugh A cirrhosis. J
Hepatol 2012;56:160-166.

Choi D, Lim HK, Rhim H, KimYS, Lee WJ, Paik SW, Koh KC,
Lee JH, Choi MS, Yoo BC. Percutaneous radiofrequency
ablation for early-stage hepatocellular carcinoma as a first-line
treatment: long-term results and prognostic factors in a large
single-institution series. Eur Radiol 2007;17:684-692.

Lubner MG, Brace CL, Hinshaw JL, Lee FT Jr. Microwave
tumor ablation: mechanism of action, clinical results, and de-
vices. J Vasc Interv Radiol 2010;21(8 Suppl):S192-S203.

Dohmen T, Kataoka E, Yamada I, Miura K, Ohshima S, Shibuya
T, Segawa D, Sato W, Anezaki Y, Ishii H, Kamada K, Goto T,
Ohnishi H. Efficacy of contrast-enhanced ultrasonography in
radiofrequency ablation for hepatocellular carcinoma. Intern
Med 2012;51:1-7

Lee MW, Rhim H, Cha DI, Kim YJ, Choi D, Kim YS, Lim HK.
Percutaneous radiofrequency ablation of hepatocellular carci-
noma: fusion imaging guidance for management of lesions
with poor conspicuity at conventional sonography. AJR Am J
Roentgenol 2012;198:1438-1444.

KimYS, Kim JH, Rhim H, Lim HK, Keserci B, Bae DS, Kim BG,
Lee JW, Kim TJ, Choi CH. Volumetric MR-guided high-inten-
sity focused ultrasound ablation with a one-layer strategy to
treat large uterine fibroids: initial clinical outcomes. Radiology
2012;263:600-609.

Martin RC 2nd, McFarland K, Ellis S, Veelanovich V. Irreversible
electroporation therapy in the management of locally advanced
pancreatic adenocarcinoma. J Am Coll Surg 2012;215:361-369.

J Korean Med Assoc 2013 November; 56(11): 964-971



O | Peer Reviewers’ Commentary

2 =22 NEYe ZXIM XS st n3mEX|zl #2] 2 YYHE| Ji0lE
XHW(I LR X2 JHIL 012 BIZCR o & HYS MMz Jlasiint =20 2aE Hiet
Z7|IZEMIERfO| ZHERIEO0 Hav ke XIRgXE W ASn, ZIEHS YUDHEHRL FIX H20|

9l

XIZale 2024 OIS SII2 215 B4 A2

Q2 TIZIo| S St LiofMA H20| S6liXL s AIECR, & =22 150}
|

O=I7'(|§O| 7HL§|2 X-Iél—gl-}” MESEA Ol2 A

—
HEE s US A0|H, g
PN

o
2 =20| =lof 0] X|=0| o 0| 0188 4~ U=S 2

Xt2shs 201349 1088 §

1.®
2.@
3.@
4. @

5.®

J Korean Med Assoc 2013 November; 56(11): 964-971

2{0l0j| Thst AT Cf=0f B

Zo|, nFeA|

Ihsot HAR

CHEEZRRIR X2l QI 21 IOl AlR| SaolMs 22t
UR|Z BIZEZ WAOlHE $

) —
Local ablation for hepatocellular carcinoma % b3 |
[ =]

__E'

= DFmEX|zs0l HHU= =TS
OF 7|cHEICY,

[("a): HElelasl]

7.®
8. @
9.®

10. @

isteArEsxl 971



