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Abstract
Radiofrequency ablation (RFA) is commonly applied 
for the treatment of hepatocellular carcinoma (HCC) 
because of the facile procedure, and the safety and 
effectiveness for the treatment of this type of tumor. 
On the other hand, it is believed that HCC cells should 
spread predominantly through the blood flow of the 
portal vein, which could lead to the formation of intra-
hepatic micrometastases. Therefore, monitoring tumor 
response after the treatment is quite important and 
accurate assessment of treatment response is critical 
to obtain the most favorable outcome after the RFA. 
Indeed, several reports suggested that even small 
HCCs of ≤ 3 cm in diameter might carry intrahepatic 
micrometastases and/or microvascular invasion. From 
this point of view, for preventing local recurrences, 
RFA should be performed ablating a main tumor as 
well as its surrounding non-tumorous liver tissue 
where micrometastases and microvascular invasion 
might exist. Recent advancement of imaging modali-
ties such as contrast-enhanced ultrasonic, computed 
tomography, and magnetic resonance imaging are 

playing an important role on assessing the therapeu-
tic effects of RFA. The local recurrence rate tends 
to be low in HCC patients who were proven to have 
adequate ablation margin after RFA; namely, not only 
disappearance of vascular enhancement of main tu-
mor, but also an adequate ablation margin. Therefore, 
contrast enhancement gives important findings for the 
diagnosis of recurrent HCCs on each imaging. How-
ever, hyperemia of non-tumorous liver surrounding the 
ablated lesion, which could be attributed to an inflam-
mation after RFA, may well obscure the findings of lo-
cal recurrence of HCCs after RFA. Therefore, we need 
to carefully address to these imaging findings given 
the fact that diagnostic difficulties of local recurrence 
of HCC. Here, we give an overview of the current 
status of the imaging assessment of HCC response to 
RFA.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Radiofrequency ablation (RFA) therapy is 
needed to ablate wider range of region than targeted 
tumor, including surrounding liver tissues that involve 
micrometastases and microvascular invasion. The lo-
cal recurrence rate tends to be lower in hepatocellular 
carcinoma patients with an adequate ablation margin, 
and thus, it is essential to assess safety margin ac-
curately to reduce local recurrence. From this point 
of view, we need to focus on the achievement of a 
sufficient ablation margin as well the lack of tumor 
vascular enhancement for the assessment of success-
ful RFA. However, inflammatory hyperemia due to RFA 
which often appears as peripheral rim enhancement, 
and non-typical imaging features of tumor recurrence 
sometimes lead to the inappropriate diagnosis.
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INTRODUCTION
Surgical resection is the first treatment of  choice for he-
patocellular carcinoma (HCC). Unfortunately, the majority 
of  HCC patients are not suitable for curative resection at 
the time of  diagnosis because of  large tumor size, multi-
focal disease, vascular involvement, extrahepatic spread, 
poor liver function, etc.[1-6]. Therefore, there is a need to 
develop a simple and effective technique to treat unresect-
able HCC. Several local, minimally invasive hepatic thera-
pies [percutaneous ethanol injection (PEI), acetic acid 
injection, microwave coagulation therapy, and radiofre-
quency ablation (RFA)] have been developed to prolong 
survival in unresectable HCC patients over the past few 
decades[7-13]. Especially, RFA is currently performed widely 
due to its ease of  use, safety and effectiveness for man-
aging HCC in patients with cirrhosis[14-17], while its high 
repeatability makes it particularly valuable for controlling 
intrahepatic recurrences[18].

Monitoring tumor response to therapy is an important 
part of  the clinical management of  cancer patients, and 
accurate assessment of  tumor response is essential for fa-
vorable outcomes. Imaging techniques such as contrast-
enhanced ultrasound (US), computed tomography (CT) and 
magnetic resonance imaging (MRI) are generally used to 
diagnose HCC or assess therapeutic effects[19-21]. However, 
these techniques naturally use different principles to generate 
images, and the type and dose of  contrast agents are differ-
ent. Contrast enhancement is an important finding on imag-
ing; however, enhancement does not necessarily depict the 
same phenomenon between US, CT and MRI. Therefore, 
we need to be familiar with the findings on each modality 
after ablation to evaluate the success of  treatment, detect 
residual or recurrent tumors, and diagnose new lesions.

In this review, we focus our discussion on the imag-
ing assessment of  HCC response to RFA.

CLINICOPATHOLOGICAL FEATURES OF 
HCC FOR ABLATION
HCC cells spread mainly via the portal system and form 
intrahepatic micrometastases[22,23]. Among risk factors 
for recurrences, tumor size, portal vein invasion, and in-
trahepatic metastasis are generally considered the major 
causes of  intrahepatic HCC recurrence after treatment. 
A previous pathologic study showed that intrahepatic 
metastasis occurs in 10% of  cases even in early HCC 
(lesions < 2 cm in diameter)[22]. Okusaka et al[24] reported 
that 19% of  HCC nodules of  3.0 cm or less in diameter 
had satellite lesions that were not detected during pre-
treatment evaluation. Nakashima et al[25] revealed that 

59.1% of  small HCC of  ≤ 3.0 cm in diameter had mi-
crometastases within 5 mm of  each micrometastatic le-
sion and its primary HCC. Especially, among single nod-
ular type HCC, micrometastases were shown in 77.8% 
within 5 mm.

Several studies address the relation between micro-
vascular invasion of  HCC cells and tumor size. Kojiro 
et al[22] reported that the tumor invades the portal vein 
in 27% of  cases even in early HCC (lesions < 2 cm in 
dimension). Esnaola et al[26] found the frequency of  mi-
crovascular invasion to be 25% and 31% for tumors < 
2 cm and 2-4 cm in the greatest dimension, respectively. 
On the other hand, microvascular invasion was shown 
in 17% of  patients with tumors < 2 cm and 20% of  pa-
tients with tumors 2-3 cm[24]. The reported frequency of  
microvascular invasion in patients with an HCC tumor 
of  2-3 cm ranges from approximately 20%-30%. Thus, 
it has reported that the risk factors for early local tumor 
recurrence were larger tumor size, poor pathologic dif-
ferentiation of  tumor cells and advanced tumor stag-
ing[27,28].

PRINCIPLE OF TUMOR RESPONSE 
ASSESSMENT TO RFA FOR HCC
Efficacy of  treatment is usually monitored radiologically. 
Effective treatment is indicated by not only lack of  vas-
cular enhancement of  HCC, but also the safety margin. 
The safety margin is ablated peritumoral liver tissue that is 
located between a necrotic tumor and unablated liver tis-
sue (Figure 1). For the RFA procedure to be considered 
technically successful, the tumor and at least a 5 mm safety 
margin must be included in the ablation zone[29]. The local 
recurrence rate differs markedly depending on whether or 
not a 5 mm safety margin is secured. Kudo et al[14] reported 
that the local recurrence rate was 2.6% in HCC patients 
with a ≥ 5 mm safety margin at 2 years after RFA, 
whereas it was 20.8% in HCC patients without safety 
margin (P = 0.01). Another report indicated that the 
significant risk factors for local recurrence of  RFA were 
a tumor with a diameter ≥ 2.3 cm, an insufficient safety 
margin, and a multinodular tumor[30]. In addition, the 
safety margin has one more important role as security in 
avoiding limitations on CT assessment due to a partial 
volume effect.

Alpha-fetoprotein (AFP), lens culinaris agglutinin-
reactive fraction of  AFP (AFP-L3), and des-γ-carboxy 
prothrombin (DCP) have been used as tumor markers 
for HCC[31-34]. Levels of  tumor markers often fall to 
within the normal range after effective treatment and 
rise before tumor relapse is detected by imaging studies. 
However, sensitivity and specificity of  tumor markers are 
insufficient to detect HCC in all patient samples, and the 
monitoring of  tumor marker levels after therapy does not 
replace imaging[35].

Recurrence of  tumors in the treated area or else-
where is defined as re-appearance of  vascular enhance-
ment. The ideal imaging interval is unknown, but initially 
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a 3-4 mo interval is commonly used to monitor HCC 
lesions after initial treatment. After about 2 years of  
recurrence-free survival, the interval of  follow-up imag-
ing examinations can be at less frequent intervals[35].

Imaging
CT: Contrast-enhanced CT has been most widely used 
for the evaluation of  treatment response after RFA 
because of  the advantages of  CT: the rapid acquisition 
of  images, clear and specific information, and the refer-
ring of  a wide range of  the abdomen including the liver. 
After a bolus dispense of  contrast agent, tissue contrast 
enhancement depends on arterial blood flow, capillary 
permeability, rate of  diffusion, and extravascular extra-
cellular space volume. In clinical practice, evaluation of  
successful treatment was based on a visual comparison 
of  the pre- and post-RFA CT images by referring spe-
cific landmarks such as hepatic vessels and the liver sur-
face[14,36,37]. If  the non-enhancing ablation zone included 
the original tumor and an adequate safety margin in all 
directions, the RFA should be regarded as technically 
successful[38]. Sala et al[39] revealed that the independent 
predictors of  survival were Child-Pugh class (P = 0.0001) 
and initial complete response to percutaneous ablation (P 
= 0.006). Among patients classified as Child-Pugh grade 
A, a 20% difference of  survival rate was achieved at 5 
years (42% in responders vs 18% in non-responders), 
while among patients classified as Child-Pugh grade B, 
the difference of  survival rate was observed at 3 years 
(42% in responders vs 16% in non-responders).

Compared with RFA alone, the combination of  RFA 
and transcatheter arterial chemoembolization (TACE) 
markedly increased the extent of  induced coagulation of  
RFA[40]. Combined TACE and RFA have several advan-
tages over RFA treatment alone. Theoretically, emboliza-
tion along with the chemotherapy is synergic to thermal 
ablation by lowering the convection by vascular flow, 

decreasing the impedance in the tumor and facilitating 
heat distribution within the tumor. Moreover, satellite 
nodules, which are found more commonly around large 
HCCs can be depicted by Lipiodol spots. Thus, RFA 
combined with TACE has been reported to be promis-
ing for local control of  medium-size of  tumors[41-44]. In 
addition, Lipiodol-TACE could offer another advantage 
for assessment of  following RFA procedure. When the 
ablated area could cover the whole HCC with a suf-
ficient margin, the ablative margin can be shown as the 
boundary between the high density area as Lipiodol ac-
cumulation in HCC and the enhancing area as surround-
ing normal liver parenchyma. As the area of  Lipiodol 
deposition is an ideal landmark of  the tumor margin, the 
successful safety margin can be easily evaluated only by 
post-RFA dynamic CT images in HCC patients treated 
by RFA combined with TACE, without a comparison of  
the pre- and post-RFA CT images (Figure 2)[45].

Hyperemia in tissue surrounding the ablated lesion 
can represent an inflammatory reaction due to thermal 
injury. Peripheral rim enhancement resulting from reac-
tive hyperemia is usually uniform in thickness and envel-
ops the ablated lesion (Figure 2), whereas residual HCC 
demonstrates focal and irregular peripheral enhance-
ment[46,47]. However, differentiation of  reactive hyperemia 
from residual HCCs is sometimes difficult. Moreover, 
typical imaging features (arterial enhancement followed 
by delayed washout on dynamic contrast-enhanced CT) 
are not usually depicted for the diagnosis of  recurrent 
HCCs. Mikami et al[48] reported that 17.5% of  patients 
were diagnosed as local recurrent HCC with typical en-
hancement pattern, while 40.6% had arterial hypervas-
cularity without washout in the portal venous phase and 
11.9% showed washout in portal venous phase without 
arterial hypervascularity. A non-typical enhancement pat-
tern of  local HCC recurrence may reflect the fact that 
insufficient RFA therapy could lead to further malignant 
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Micrometastases

Ablation margin

Microvascular invasion

Figure 1  Ablation margin and micrometastases/microvascular invasion. Radiofrequency ablation (RFA) therapy is required to ablate the main tumor and its 
surrounding liver tissues involving micrometastases and microvascular invasion. However, as the tumor get bigger, micrometastases and microcascular invasion fre-
quently occur. Unablated lesions lead to local recurrences after RFA. T: Tumor.
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transformation of  HCC[49]. Therefore, careful compari-
son with imaging before ablation and close follow-up are 
necessary in in patients who showed unusual pattern of  
enhancement in the liver after RFA.

US: US contrast agents consist of  gas-cored microbub-
bles that are encapsulated by a shell constructed of  a lipid 
monolayer or cross-linked albumin. Each bubble acts as 
a harmonic oscillator and contrast-enhanced echo signals 
contain significant energy components at higher harmon-
ics, while tissue echoes do not. With the use of  a contrast 
agent, contrast harmonic imaging possesses not only a 
very high sensitivity to contrast agents but also a high 
spatial resolution, and can depict signals from microbub-
bles with a very slow flow. Several researchers have re-
ported that contrast-enhanced US is a useful tool for as-
sessing the vascularity of  local recurrence of  HCCs[50-54]. 
The detectability of  viable HCCs was 83.5% in B-mode 
US and increased to 93.2% in contrast-enhanced US, 
using contrast-enhanced CT was used as the reference 
standard[55]. As reported by Kim et al[56], the diagnostic 
concordance between the contrast-enhanced US just after 
the RFA and the CT after the 1-mo follow-up was 99% 
in terms of  the assessment of  the therapeutic response 
to RFA. The sensitivity, specificity, and diagnostic ac-
curacy of  contrast-enhanced US were 95.3%, 100%, and 
98.1%, respectively[57]. Consequently, contrast-enhanced 
US may provide an alternative approach that shows high 
diagnostic concordance with dynamic CT in assessing the 
therapeutic response of  RFA in hypervascular HCC (Fig-
ure 3). However, it is often difficult to identify the safety 
margin on US in the some cases. Zhou et al[58] found that 
contrast-enhanced US could not evaluate safety margin 
in 34.8% of  HCC nodules because the tumor boundary 
could not be identified clearly by US after RFA. There-
fore, contrast-enhanced US and contrast-enhanced CT 

should carry a complementary role for the evaluation of  
the treatment response after RFA.

Perfluorocarbon microbubbles (Sonazoid) is clas-
sified as second-generation US-contrast agents. Unlike 
others, perfluorocarbon microbubbles are not trapped 
by Kupffer cells. A double contrast US technique using 
Sonazoid reinjection has been developed on the basis of  
two specific characteristics of  Sonazoid: real-time blood 
flow images with low acoustic power and robust Kupffer 
images tolerable for repeated scanning in the Kupffer 
phase[59-61]. According to contrast-enhanced US using 
Sonazoid, peripheral hyperemia areas show hyper-echo-
genicity during the early vascular phase and iso-echo-
genicity as adjacent liver parenchyma during the Kupffer 
phase. On the other hand, residual HCC demonstrates a 
focal defect during the Kupffer phase and represents hy-
pervascular enhancement by the reinjection of  Sonazoid. 
Therefore, differentiation of  reactive hyperemia from re-
sidual HCCs is not difficult. Dynamic contrast-enhanced 
US guidance in ablation therapy for locally recurrent 
HCCs should be an efficient approach[61].

MRI: MRI provides better contrast between the different 
soft tissues and higher spatial resolution with sensitivity 
than CT. Recent advances in MRI allow imaging of  the 
liver with a high spatial resolution during a single breath-
hold. Khankan et al[62] reported that a hyperintense zone 
on non-enhanced T1-weighted MRI within 2 d after RFA 
reflected the extent of  the ablated region. Evaluation of  
the safety margin also needs comparisons of  the pre- and 
post-RFA images because of  the blurriness of  tumor 
boundary on non-enhanced MRI after RFA.

Hepatocyte-specific MRI contrast agents were de-
veloped for detection and characterization of  focal liver 
lesions. Gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid (Gd-EOB-DTPA) is a contrast agent 
with combined properties of  a conventional non-specific 
extracellular and hepatocyte-specific contrast agent[63]. It 
is recognized that hepatocyte phase images help to dis-
tinguish vascular pseudolesions (e.g., those due to arte-
rioportal shunting, portal venule obstruction, nonportal 
splanchnic veins, or rib compression) from hypervascu-
lar tumors[64]. Meanwhile, a recent study[65] reported that 
more than 10% of  vascular pseudolesions showed hy-
pointensity on hepatocyte-phase images and that those 
pseudolesions occasionally mimicked the configurations 
and signal intensities of  HCCs. Watanabe et al[66] ana-
lyzed the image of  HCC tumors using the area under the 
receiver operating characteristic (ROC) curve, and con-
cluded that the incorporation of  hepatocyte phase imag-
es did not improve the diagnostic accuracy of  Gd-EOB-
DTPA-enhanced MRI for locally recurrent HCCs after 
RFA. On the other hand, Koda et al[67] reported the abla-
tive margin grading assessment using superparamagnetic 
iron oxide (SPIO)-enhanced MRI. They intravenously 
injected ferucarbotran (0.016 mL/kg body weight) 20-60 
min before RFA, and performed MRI at 7 d after RFA. 
Because SPIO remained in ablated hepatic parenchyma, 
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Figure 2  A 80-year-old woman with 2.5 cm hepatocellular carcinoma after 
radiofrequency ablation combined with transcatheter arterial chemoemboli-
zation. Early-phase dynamic computed tomography shows a high-density center 
indicating Lipiodol deposition in hepatocellular carcinoma (white arrow) and a sur-
rounding low-density zone indicating radiofrequency ablation-induced coagulation 
necrosis of the liver. A microsatellite (black arrow) was depicted as a high-density 
spot in the low-density zone. Therefore, this ablation therapy achieved complete 
necrosis of chief tumor and micrometastasis. Moreover, hyperemia surrounding 
the ablated lesion is depicted as peripheral rim enhancement (arrowheads).
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post-ablation MRI showed a high-intensity area of  HCC 
surrounding by low-intensity area of  ablative margin.

CONCLUSION
The prognosis of  patients with small HCC is still unsat-
isfactory because of  frequent recurrence even after com-
plete ablation. The high recurrence rate may be attrib-
uted to the undefined satellite lesions or microvascular 
invasion before treatment, which are too small to be de-
tected with the current imaging modality. For the proce-
dure of  local ablation therapies including RFA, we need 
to ablate wider range of  region than targeted tumor, 
including surrounding non-tumorous liver tissues that 
could involve micrometastases and microvascular inva-
sion. The local recurrence rate tends to be lower in HCC 
patients with an adequate ablation margin, and thus, it 
is essential to assess safety margin accurately to reduce 
local recurrence. From this point of  view, we need to 
focus on the achievement of  a sufficient ablation margin 
as well the lack of  tumor vascular enhancement for the 
assessment of  successful RFA. However, inflammatory 
hyperemia due to RFA which often appears as peripheral 
rim enhancement, and non-typical imaging features of  
tumor recurrence sometimes lead to the inappropriate 
diagnosis. Therefore, we need to be careful for the imag-
ing findings given the fact that the diagnostic difficulties 
for local recurrence of  HCC. Careful comparison of  
imaging before ablation and close follow-up are critical 
in HCC patients treated with RFA.
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Sonazoid shows the defect (arrows) in the Kupffer phase. The ablation margin is shown as low echoic zone surrounding the ablated tumor.
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