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INTRODUCTION

Local ablation is a treatment modality wherein tumor 
necrotization is induced by delivering energy or injecting 
chemicals directly into the tumor. Radiofrequency ablation 
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Local ablation for hepatocellular carcinoma (HCC), a non-surgical option that directly targets and destroys tumor cells, has 
advanced significantly since the 1990s. Therapies with different energy sources, such as radiofrequency ablation, microwave 
ablation, and cryoablation, employ different mechanisms to induce tumor necrosis. The precision, safety, and effectiveness of 
these therapies have increased with advances in guiding technologies and device improvements. Consequently, local ablation 
has become the first-line treatment for early-stage HCC. The lack of organized evidence and expert opinions regarding patient 
selection, pre-procedure preparation, procedural methods, swift post-treatment evaluation, and follow-up has resulted in 
clinicians following varied practices. Therefore, an expert consensus-based practical recommendation for local ablation was 
developed by a group of experts in radiology and hepatology from the Research Committee of the Korean Liver Cancer 
Association in collaboration with the Korean Society of Image-guided Tumor Ablation to provide useful information and 
guidance for performing local ablation and for the pre- and post-treatment management of patients.
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(RFA), microwave ablation (MWA), cryoablation, and 
injection of chemicals (e.g., percutaneous ethanol injection) 
have been used (Fig. 1). RFA is the most widely used 
modality for the treatment of hepatocellular carcinoma (HCC), 
with numerous studies providing high levels of evidence.
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conducted by the KLCA, in collaboration with the Korean 
Society of Image-guided Tumor Ablation (KSITA), to assess 
the current status and methodologies of local ablation 
treatment in Korea. Additionally, we reviewed and critically 
analyzed previous studies and guidelines related to local 
ablation, and established a consensus on the methodologies 
for performing local ablation treatments through discussions 
between expert panels and public hearings.

Expert Survey 

Two separate online surveys targeting operators from 
the KSITA who performed local ablation and hepatologists 
from the KLCA were conducted between July 25 and August 
20, 2023. Among the 99 registered members of the KSITA, 
those who had undergone at least one local ablation 
procedure per month were invited to participate in the 
survey. Among the 35 members (response rate: 35.4%) who 
participated, 85.7% had >10 years of experience in the field 
of radiology, and 88.6% worked in hospitals with >500 beds. 
An additional survey targeting 63 hepatologists with at least 

Two prospective randomized controlled trials and meta-
analyses have reported that RFA yields survival rates 
equivalent to those of surgical resection in the treatment of 
HCC nodules measuring ≤3 cm [1-3]. Consequently, the 2022 
guidelines published by the Korean Liver Cancer Association 
and the National Cancer Center (KLCA-NCC) deemed RFA as 
an optimal method, equivalent to surgical resection, for the 
treatment of small HCC nodules of a single lesion ≤3 cm in 
size [4-6]. Moreover, RFA is recommended as an optimal 
treatment alongside transarterial chemoembolization (TACE) 
and liver transplantation for the treatment of up to three 
small HCC nodules, each measuring ≤3 cm [4-6]. RFA is also 
used to treat recurrent HCC nodules measuring ≤3 cm [7].

Local ablation techniques, including RFA, play an important 
role in the treatment of early-stage HCC. Thus, systematically 
organizing academic evidence and expert consensus on 
the selection of appropriate patients for treatment, pre-
procedural preparation, procedural methods, post-treatment 
evaluation, and follow-up will increase the safety and 
effectiveness of these techniques, thereby improving the 
survival rates of patients with HCC. A survey of experts was 

Fig. 1. Schematic of local ablation techniques. The applicator was positioned in the tumor under guidance. A: With radiofrequency 
ablation, the electrode delivers alternating radiofrequency energy, inducing friction among nearby molecules, thereby raising the tissue 
temperature and inducing tumor necrosis. B: With microwave ablation, the antenna transmits microwave energy and increases the 
vibration of the surrounding water molecules, increasing the temperature and inducing tumor necrosis. C: In cryoablation, high-pressure 
gas is passed through a probe, lowering the surrounding temperature to induce tumor necrosis.

A. Radiofrequency ablation

B. Microwave ablation

C. Cryoablation
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8 years of experience working in university hospitals, who 
are also members of the KLCA, was conducted. Twenty-two 
of the 63 hepatologists (34.9%) participated in the survey. 

Patient Selection

Local ablation therapy is recommended as a curative non-
surgical strategy for the treatment of early-stage HCCs in 
patients with a preserved general condition and no vascular 
invasion or extrahepatic metastases. International treatment 
guidelines, including the 2022 KLCA-NCC guidelines, endorse 
this recommendation [4-6,8,9]. Compared with surgical 
resection, local ablation therapy is easier to perform, 
requires shorter hospital stays, and induces tumor necrosis 
while preserving the normal liver parenchyma [10-15]; 
consequently, it is widely used as a non-surgical strategy 
for the treatment of HCC. However, similar to surgery or 
interventional radiological procedures, local ablation therapy 
is contraindicated in the following cases: those with an 
uncorrectable risk of severe bleeding, those where a safe 
route for the insertion of therapeutic devices (applicators) 
is unavailable, and those where irreversible damage to 
the adjacent organs is expected despite the application of 
preventive measures, such as artificial ascites or pleural 
effusion [16-18]. Poor treatment outcomes and a higher 
incidence of procedure-related complications have been 
observed in patients with tumors located in the perihilar, 
perivascular, peribiliary, subcapsular, subphrenic, and 
subcardiac areas and in patients with tumors located 
adjacent to organs vulnerable to heat damage, such as the 
colon or gallbladder. Therefore, the location of the tumor 
must be carefully considered before commencing treatment 
(Fig. 2) [16,19-25]. Primary care physicians should 
refer patients identified as candidates for local ablative 
therapy to operators through multidisciplinary discussions 
or consultations. A planning session accompanied by 
ultrasonography (US) screening should also be scheduled to 
determine the feasibility of the treatment and establish a 
treatment plan for image-guided procedures. 

Notably, 74.3% of operators reported recommending local 
ablative therapy alone to treat solitary HCC tumors of ≤3 cm 
in size, assuming that no other considerations were present. 
Furthermore, 62.9% of respondents reported recommending 
local ablative therapy alone for the treatment of multifocal 
HCC with up to three tumors, provided that each tumor had 
a size <3 cm (Supplementary Fig. 1). In addition to the size, 
number of tumors, and staging, all respondents considered 

the location of the tumor and its relationship with the 
surrounding organs, vessels, and biliary tract. These 
respondents also considered ancillary imaging findings of 
the tumor that suggested a poor prognosis after treatment, 
such as irregular tumor margins and peritumoral arterial 
enhancement, when deciding to apply local ablative therapy. 
In addition to the size, number, and location of the tumors, 
all hepatologist respondents also considered liver function, 
and 74.3% of the respondents recommended treatment 
strategies based on the previous treatment history of the 
patient. Furthermore, 42.9% of the respondents considered 
tumor marker levels when deciding on local ablation therapy. 
Thus, the findings of previous research and the current 
survey results suggest that patients with well-preserved liver 
function presenting with a solitary HCC <3 cm in size located 
within the liver parenchyma that is not adjacent to major 
vessels, bile ducts, gallbladder, or gastrointestinal tract, and 
that can be accurately identified via US guidance, are ideal 
candidates for local ablative therapy.

Compared with local ablation alone, combination therapy 
comprising local ablation and TACE increases survival rates 
without increasing the complication rates in patients with 
a single HCC >3 cm in diameter [26,27]. Notably, 48.6% of 

Fig. 2. Locations which require caution before performing local 
ablation therapy. Tumors located in areas such as the perihilar 
region (which encompasses major vessels and bile ducts), 
subcardiac and subphrenic areas, near the colon at the right liver 
tip, GB fossa, and left liver tip, often result in less favorable 
treatment outcomes and an increase in the incidence of procedure-
related complications. Therefore, the tumor location should be 
meticulously evaluated before proceeding with treatment. GB = 
gallbladder



776

Han et al.

https://doi.org/10.3348/kjr.2024.0550 kjronline.org

the respondents indicated that they performed combination 
therapy for lesions >3 cm in size in cases of a single HCC, 
with no other considerations. TACE (80.0%) and external 
beam radiation therapy (34.3%) were the therapies most 
commonly combined with local ablation.

In conclusion, when deciding whether to perform local 
ablation for HCC, it is important to consider various 
factors that can impact the effectiveness and safety of the 
treatment strategy. These factors include tumor size and 
number, staging, feasibility of image guidance based on 
tumor location, patient’s liver function and overall health, 
underlying disease, risk factors for complications, history of 
previous treatments such as liver resection, and availability 
of other treatment options. Taking a multidisciplinary 
approach and providing collaborative care will help in 
making personalized decisions.

[Recommendations]
• ‌�The indications for local ablation follow the 

guidelines set by the 2022 KLCA-NCC for HCC 
treatment. In addition to the stage of the disease, 
factors such as the location of the tumor, the 
feasibility of image guidance, whether combination 
therapy is used, the patient’s liver function, 
previous treatment history, and overall health status 
should be considered in an individualized approach.

Pre-Treatment Imaging Study

Dynamic contrast-enhanced computed tomography (CT) or 
magnetic resonance imaging (MRI) is performed before local 
ablation. These CT and MRI examinations are complementary. 
Notably, the acquisition of CT images is faster and less 
expensive than that of MR images. Furthermore, CT 
images possess a better spatial resolution and cover a 
wider scanning range, making them more advantageous 
for determining the presence of extrahepatic metastases. 
In contrast, MRI yields better tissue contrast than CT, 
facilitating the detection of smaller intrahepatic tumors, 
which aids in accurate staging [24,25]. 

Information from hepatobiliary images acquired using 
hepatocyte-specific contrast agents can be used to 
assess imaging features that suggest poor prognosis after 
treatment, such as peritumoral hyposignal intensity and 
irregular tumor margins [28,29]. A survey conducted to 
determine the preference of operators for using CT and MRI 

as pre-treatment imaging modalities before local ablation 
as the initial treatment for HCC revealed that 68.6% of 
the respondents preferred using both modalities. Studies 
on the optimal timing for pre-treatment imaging are 
lacking; however, the interval between imaging and the 
local ablation procedure should not be prolonged, owing 
to the possibility of lesion progression and the need for 
accurate post-treatment response assessment. The survey 
results revealed that 65.7% of operators and 86.4% of 
hepatologists preferred conducting imaging examinations 
within one month. Notably, all respondents agreed that 
the interval should not exceed two months. Furthermore, 
88.6% of operators and 90.9% of hepatologists reported 
that they would repeat dynamic contrast-enhanced CT or 
MRI examinations if the pre-treatment imaging examination 
comprised single-phase CT or MRI, as single-phase CT or MRI 
is not sufficient for diagnosing liver cancer [5]. Moreover, 
dynamic contrast-enhanced CT or MRI facilitates the 
interpretation of the relationship between the tumor and 
surrounding vascular structures.

Pre-treatment planning US plays an important role in 
assessing the feasibility of local ablation and predicting 
treatment efficacy and safety [30]. The results of the survey 
revealed that 91.4% of operators performed pre-treatment 
planning US; of these, 68.8% and 31.2% of operators 
respectively performed the procedure in an outpatient 
setting before admission and on the day of the procedure 
after hospital admission. However, it should be noted that 
planning US may not be able to detect HCC tumors <2 cm in 
size. In these cases, US-CT/MRI fusion imaging and contrast-
enhanced ultrasonography (CEUS) can increase the detection 
rate of HCC and improve the success rate of the procedure 
[31,32]. Notably, 58.1% of operators performed CEUS or 
US-CT/MRI fusion imaging as needed during US planning. 
A Kupffer agent, the use of which is preferred in the post-
vascular phase, can confirm the location of HCC [32]. This 
type of agent was used by 78.3% of operators when CEUS 
was employed during planning US.

[Recommendations]
• ‌�Dynamic contrast-enhanced CT and MRI should be 

performed as pre-treatment imaging tests for local 
ablation, and the interval between imaging and the 
procedure should preferably be within one month.

• ‌�Pre-treatment planning US examinations should be 
performed to assess the feasibility of local ablation 
and establish a treatment plan.
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Preparation Before Local Ablation

Prophylactic Use of Antibiotics
Small-scale retrospective studies have investigated the 

efficacy of prophylactic antibiotics before local ablation. In 
a previous study, no significant differences were observed 
between groups that did and did not receive prophylactic 
antibiotics in terms of the incidence of infectious 
complications after the procedure [33]. The application 
of local ablation as a one-time treatment is limited by 
various clinical factors, including tumor size, leading to an 
infrequent incidence of infectious complications. Surgical 
wounds can be classified into four categories: clean, clean-
contaminated, contaminated, and dirty. Wounds created by 
local ablation are classified as clean. As a result, concerns 
regarding infections caused by local ablation are limited 
[34]. In contrast, fever is a common complication of local 
ablation. A recently published retrospective study revealed 
that fever was observed in 18.4% of the patients after 
ablation procedures; however, bacteremia was observed in 
only 4.8% of these patients [35]. 

Direct communication between the biliary tract and 
gastrointestinal system due to previous cholangiojejunostomy 
or endoscopic sphincterotomy increases the risk of 
developing liver abscesses after local ablation. Prophylactic 
administration of empirical antibiotics can reduce this risk 
[36]; therefore, it should be considered in patients with a 
history of biliary tract procedures undergoing local ablation. 
Reports have suggested that antibiotics should be used from 
the day before the procedure to a maximum of 2 days after 
the procedure, provided that no direct communication exists 
between the biliary and gastrointestinal systems. However, 
if direct communication is present, antibiotics should be 
administered for at least 10 days. Nevertheless, international 
guidelines for the type and duration of prophylactic 
antibiotic use have not yet been established. Therefore, 
further studies are warranted.

The survey of HCC experts revealed that 8.6% of 
respondents administered antibiotics prophylactically to 
most patients before local treatment and that 62.9% of 
respondents administered antibiotics prophylactically to 
select patients in high-risk groups. Patients in the high-risk 
group receiving antibiotics prophylactically included older 
patients, immunocompromised patients, and those with a 
medical history related to biliary tract or bile duct invasion 
of HCC (87.5%), liver abscesses (50.0%), or liver cirrhosis 
(33.3%). Cephalosporins (88.3%) were the most commonly 

administered preventive antibiotics.

Discontinuation of Antiplatelet and Anticoagulant 
Agents

The incidence of HCC and various underlying diseases 
increases with age. Consequently, the number of patients 
receiving antiplatelet or anticoagulant drugs has increased. 
Local ablation is a high-risk procedure associated with 
the risk of bleeding because it can penetrate the liver 
parenchyma. Therefore, antiplatelet and anticoagulant 
drugs must be discontinued prior to the procedure. In such 
cases, the risk of thrombosis and/or embolism owing to an 
underlying disease must be considered. Furthermore, prior 
consultation with the clinician who has been treating the 
underlying disease is recommended [18,37]. Nevertheless, 
international guidelines providing clear criteria for 
discontinuation of antiplatelet and anticoagulant drugs 
before local ablation remain to be established. 

Different treatment guidelines suggest different 
standards and discontinuation periods. Thus, the criteria 
for discontinuing antiplatelet and anticoagulant drugs 
recommended before commencing high-risk endoscopic 
procedures, such as gastric endoscopic submucosal dissection 
or interventional radiology procedures, can be referred to 
before local ablation (Supplementary Table 1).

Transfusion of Platelets, Fresh Frozen Plasma, or 
Cryoprecipitate

Most patients with HCC who undergo local ablation 
have chronic liver disease, with liver cirrhosis accounting 
for the majority of cases. Coagulation disorders such 
as thrombocytopenia and prolonged prothrombin time 
are commonly observed in patients with liver cirrhosis. 
Therefore, prophylactic transfusion of platelets, fresh frozen 
plasma, or cryoprecipitate may be initiated at the discretion 
of the clinician to reduce the risk of bleeding due to local 
ablation. However, excessive preventive measures may be 
unnecessary, as patients with liver cirrhosis often achieve 
a new equilibrium in hemostasis owing to concurrent 
reductions in both coagulation and anticoagulation factor 
levels [9]. Previous studies have shown that prolonged 
prothrombin time or international normalized ratio (INR) 
does not necessarily indicate a bleeding tendency in patients 
with liver disease. Thus, the INR standard cannot be used as 
evidence for supplementation with fresh frozen plasma [38]. 

The 2022 KLCA-NCC Practice Guidelines for HCC recommend 
exercising caution while evaluating bleeding during 
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the procedure if the platelet count is <50000/mm3, the 
prothrombin time is <50%, or the INR is >1.5–1.8 [4-6]. 
However, the International Society of Interventional Radiology 
recommends separate criteria for patients with chronic liver 
disease, stating that interventional radiology procedures should 
be performed after satisfying the following criteria: INR <2.5, 
platelet count >30000/mm3 and fibrinogen level >100 mg/dL 
[18]. Therefore, preventive measures against bleeding should 
be implemented by referring to these standards, based on the 
benefits and risks for each patient. If necessary, a relevant 
specialist must be consulted. Moreover, the possibility of 
bleeding must be clearly explained to patients in advance.

[Recommendations]
• ‌‌�Prophylactic administration of antibiotics should 

be considered while performing local ablation 
in patients with a history of biliary tract-related 
medical conditions.

• ‌‌�The patient’s bleeding tendency should be reviewed, 
and any antiplatelet or anticoagulant agent being 
taken by the patient should be discontinued before 
local ablation.

Performing Local Ablation

Image Guiding Modality
US imaging enables identification of the location of 

hepatic tumors and ablation devices in real time, as well 
as real-time assessment of the ablation area owing to the 
formation of highly echogenic bubbles during RFA and MWA. 
Thus, it is an effective imaging-guided technique for local 
ablation. The survey results revealed that 74.3% of operators 
always used US as an image-guiding technique during local 
ablation. However, US cannot distinguish some tumors 
from the surrounding liver parenchyma, as they may be 
obscured by the base of the lung or intestines or have poor 
visibility owing to poor sonic windows. In such cases, CT or 
fluoroscopic imaging can be used as a guiding technique to 
enable the procedure to be performed on tumors that are 
not clearly visible on US.

Auxiliary Image Guiding Techniques

US-CT/MRI Fusion Technique
Aligning the positions of US images and images acquired 

using other modalities, such as CT and MRI, can often be 
challenging when performing procedures under US guidance 
due to differences in imaging planes. US-CT/MRI fusion can 
enhance local ablation outcomes in such cases [39-42]. 
This technique reconstructs patient-specific cross-sectional 
images into a 3D volume and creates a magnetic field over 
the corresponding area, which facilitates the detection of 
the position of the US probe. This enables the current US 
image to be synchronized with cross-sectional images (Fig. 3) 
and assists in identifying tumors detected on cross-sectional 

Fig. 3. Schematic of the US-CT/MRI fusion technique. This technique involves aligning cross-sectional images (shown as MRI images) 
with real-time US images, matching the relevant anatomical structures, and synchronizing their positions. Real-time US images are 
subsequently aligned with the cross-sectional images and evaluated simultaneously. US = ultrasonography, CT = computed tomography, 
MRI = magnetic resonance imaging
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images. Furthermore, this technique aids in understanding 
the proximity of the tumor to critical structures such as the 
major hepatic veins, portal veins, and bile ducts [39,40,42]. 
The survey results revealed that 42.9% of operators always 
used fusion imaging, whereas 42.8% used it only as needed. 

CEUS
US contrast agents enhance the contrast between 

tumors and the liver parenchyma. Furthermore, they can 
display the hemodynamic characteristics of tumors in real 
time, assisting local ablation procedures under certain 
circumstances [43-46]. The survey results revealed that 
74.3% of the operators used CEUS when necessary. US 
contrast agents can be classified into two main types: 
pure blood pool agents and Kupffer agents. Kupffer agents 
are taken up by the Kupffer cells in the liver, resulting 
in contrast enhancement of the liver parenchyma, which 
is sustained for a longer period. This results in increased 
lesion and parenchymal contrast, aiding the procedure 
[47,48]. The survey results revealed that 84.6% of the 
operators preferred the use of Kupffer agents over the use 
of pure blood pool agents. 

Use of Artificial Ascites/Pleural Effusion
If necessary, fluid can be artificially introduced into the 

abdominal or thoracic cavity during local ablation. This 
improves the sonic window, protects surrounding organs 
from thermal damage, and reduces pain (Fig. 4) [49-52]. The 
survey results revealed that 97.1% of the operators induced 

artificial ascites when necessary. Notably, 5% dextrose water 
was the most commonly used fluid, accounting for 73.5% of 
cases. Furthermore, 17.6% of the operators considered using 
normal saline for inducing ascites in patients with diabetes. 
Only 45.7% of the operators reported using artificial pleural 
effusion when necessary. 

Anesthesia and Patient Monitoring
Thermal-based local ablation stimulates the nerve bundles 

distributed around the liver capsule and portal triad, which 
can cause pain. Thus, appropriate anesthetic management 
plays an important role in reducing patient discomfort and 
enabling the operator to perform the procedure safely with 
patient cooperation [53,54]. The survey results revealed 
that 74.3% of the operators used local anesthesia and 
intravenous sedation; in contrast, 17.1% of the operators 
used only local anesthesia, primarily during cryoablation 
procedures. Notably, 62.9% of the operators administered 
anesthesia themselves, whereas 31.4% performed procedures 
in the presence of an anesthesiologist specializing in 
pain management. Complications such as bleeding, pain-
related bradycardia, and side effects of intravenous 
anesthesia (e.g., apnea) can occur during this procedure. 
Therefore, it is essential to monitor the patient’s vital signs, 
including oxygen saturation, pulse rate, blood pressure, and 
electrocardiographic findings. Furthermore, resuscitation 
equipment including oxygen and crash carts must be readily 
available during emergencies.

Fig. 4. Schematic of artificial injection of ascites. Subphrenic tumors may not be clearly visible on ultrasonographic imaging owing to 
poor sonic windows. Injecting artificial ascites creates a space between the diaphragm and liver, improving the sonic window by filling 
this space with fluid. Creating and filling the spaces between the liver and diaphragm, the liver and abdominal wall, the gastrointestinal 
tract, and other nearby organs can reduce the risk of inadvertent damage to adjacent organs during local ablation procedures.
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Local Ablation Techniques

Selection Among RFA, MWA, and Cryoablation
The survey results revealed that 100%, 62.9%, and 25.7% 

of operators reported the availability of RFA, MWA, and 
cryoablation, respectively, at their practicing institutions. 
Post-treatment tumor response, survival rates, and 
complications are critical considerations when selecting 
a local ablation technique. Large-scale prospective 
randomized controlled trials or meta-analyses comparing all 
local ablation techniques remain lacking; however, previous 
studies have shown that RFA, MWA, and cryoablation exhibit 
similar therapeutic effects [5,13,14,55,56]. RFA, the most 
widely used local ablation technique, is known for its 
extensive treatment experience and superior predictability 
of ablation zones. MWA can achieve a larger ablation 
area within a relatively short time. Furthermore, it is less 
affected by heat-sink effects. Compared with heat-based 
techniques such as MWA and RFA, cryoablation induces less 
pain and damage to adjacent organs. Therefore, the local 
ablation technique must be selected appropriately based on 
the location and size of the tumor, proximity of the blood 
vessels and major bile ducts, unique characteristics of the 
energy source, and operator’s experience. Furthermore, track 
ablation must be performed to prevent post-procedural 
bleeding and tumor seeding. The survey results revealed that 
100% of the operators performed track ablation.

Selection of the Electrode (RFA), Antenna (MWA), Probe 
(Cryoablation), Energy, and Ablation Time

Electrodes ranging from 15 to 17 G are commonly used for 
RFA, with thicker electrodes increasing the ablation range. 
The length of the active tip, which determines the ablation 
range, ranges from 1 to 3 cm, enabling the operator to adjust 
the ablation range by selecting the thickness and length 
of the active tip and the number of electrodes inserted. 
The energy used ranges from 30 to 200 W depending on 
the experience of the operator. In addition, the electrodes 
can be repositioned after the initial ablation to perform 
additional ablation, if necessary. The survey results revealed 
that the minimum energy used by the operators to initiate 
ablation varied from 20 to 200 W, with the maximum energy 
used ranging from 120 to 200 W, depending on the operator. 
Notably, 64.7% of the respondents reported that they 
terminated local ablation when the planned safety margin 
was achieved and 1–2 instances of power roll-off occurred, 
regardless of time. Nevertheless, the ablation time varied 

depending on the size and number of the tumors. The survey 
results revealed that the average ablation time using RFA for 
a single 2-cm HCC nodule was approximately 9.5 minutes. 

Compared to the use of a single electrode, performing 
RFA with multiple electrodes is advantageous because 
it improves the efficiency of energy delivery, achieves a 
larger ablation area per unit time, and provides a flexible 
configuration of the ablation zone based on the structures 
surrounding the tumor. However, an increase in the number 
of needle insertions can increase the risk of complications 
[57-59]. The survey results revealed that 88.2% of the 
operators used multiple electrodes when necessary, with 
93.3% using up to three electrodes. Recent studies on the 
no-touch RFA technique, wherein multiple electrodes are 
positioned beyond the tumor margin, have reported a lower 
local recurrence rate than that associated with conventional 
tumor puncture RFA [60-62]. Multiple electrodes must be 
positioned around the tumor in no-touch RFA; therefore, 
securing multiple safe electrode insertion paths is necessary. 
Insufficient safe paths were secured for multiple electrode 
insertions in 8.6% of the cases in recent prospective 
multicenter studies, leading to a switch to conventional 
tumor-puncture RFA during the procedure [62]. However, 
further studies must be conducted to determine whether 
the survival rates of no-touch RFA are superior to those 
of conventional tumor puncture RFA. The survey results 
revealed that 82.4% of the operators preferred performing 
no-touch RFA if possible.

MWA is typically performed using 13–15 G antennas. 
Unlike RFA, the length of the active part is fixed in MWA, 
and the ablation range is determined based on the energy 
and duration of ablation. Energy levels ranging from 60 to 
100 W are used for ablation, and the position of the antenna 
is typically readjusted after the initial ablation to perform 
additional ablation if needed. The survey results revealed 
that the minimum energy used by the operators to initiate 
ablation was 60–75 W, whereas the maximum energy used 
varied from 75 to 100 W, depending on the preferences 
of the operator. As a primary criterion for discontinuing 
local ablation, 55.6% of the operators reported that they 
terminated ablation after an appropriate duration of time had 
passed. Similar to RFA, the ablation duration for MWA varies 
according to the tumor size and number. The survey results 
revealed that the average ablation time for treating a single 
2-cm HCC nodule was approximately 5.3 minutes.

Cryoablation typically uses probes ranging in size from 
14 to 17 G. Various types of probes are manufactured based 
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on the size of the ice balls created. The type and number 
of probes used can be adjusted according to the ablation 
range, and the general ablation process involves repeating a 
freeze-thaw cycle at least twice. The survey results revealed 
that all operators terminated ablation after two cycles of 
freezing and thawing and that a combination of passive 
and active thawing was the most commonly used method. 
As for ablation time, it varied depending on the size and 
number of the tumors. The survey results revealed that 
the average ablation time for treating a single 2-cm HCC 
nodule was approximately 33.6 minutes. Similar to RFA, 
the simultaneous use of multiple probes is possible in 
cryoablation. Thus, a larger ablation area can be achieved; 
however, this can theoretically increase the frequency of 
complications [63]. The survey results revealed that 87.5% 
of the operators used multiple probes, and 57.1% used up to 
three probes. 

In conclusion, each local ablation technique utilizes 
various types of electrodes, antennas, or probes, facilitating 
a wide range of applications based on the size and location 
of the tumor, proximity to adjacent organs, and experience 
and preferences of the operator. Furthermore, the energy 
levels and duration of ablation can be adjusted based 
on real-time monitoring of the ablation process and the 
judgment of the operator.

Swift Post-Procedure Imaging and Evaluation 
Post-procedural imaging plays an important role in 

detecting treatment-related complications and assessing the 
technical success of local ablation procedures. The survey 
results revealed that 94.3% of the respondents performed 
post-procedure imaging immediately after the procedure 
(88.6%) or on the following day (11.4%). All respondents 
reported that performing contrast-enhanced CT for post-
procedure imaging could detect complications such as 
bleeding. However, the use of iodine-based contrast agents 
in contrast-enhanced CT is associated with a low risk of 
hypersensitivity reactions and renal impairment, particularly 
in high-risk patients. Thus, the risks and use of premedication 
should be carefully considered when indicated. 

Technical success of local ablation is defined as complete 
inclusion of the tumor within the ablation zone, regardless 
of the width of the safety margin (Fig. 5) [64,65]. The 
frequency of local tumor progression can be decreased by 
creating a wider safety margin; however, this may also 
increase the risk of damage to surrounding structures and 
the frequency of complications. Thus, the safety margin 

must be secured by following an individualized approach 
based on the location of each tumor and its relationship 
with nearby structures. A band-like enhancement around the 
ablation area can sometimes be observed on postprocedural 
contrast-enhanced CT images acquired immediately after 
the procedure. The presence of this band-like enhancement 
is mostly indicative of changes in the surrounding liver 
parenchyma due to local ablation; however, distinguishing 
it from the remaining tumor tissue can be difficult, limiting 
the assessment of the safety margin. Follow-up imaging 
studies must be conducted to accurately evaluate safety 
margins in such cases. 

Local ablation procedures are associated with a short 
recovery period, which facilitates repeated treatment within 
a short duration if the initial therapy is unsuccessful. The 
survey results revealed that 74.3% of operators performed 
re-treatment or other additional therapies during the same 
hospitalization period if post-procedure imaging revealed 
the presence of residual HCC after ablation. Furthermore, 
20% of the operators reported performing re-treatment or 
other additional therapies during the same hospitalization 
period if a safety margin of at least 5 mm was not achieved, 
despite full coverage of the tumor within the ablation zone.

Fig. 5. Post-procedural ablation zone evaluation. Technical success 
in local ablation is achieved when the tumor is fully encompassed 
within the ablation zone. Meanwhile, the safety margin refers 
to the distance between the tumor boundary and the ablation 
margin. In the figure provided, the tumor is completely included 
in the ablation zone, which signifies technical success. It is worth 
noting that the safety margin is smallest at the 3 o’clock position 
and largest at the 9 o’clock position.



782

Han et al.

https://doi.org/10.3348/kjr.2024.0550 kjronline.org

[Recommendations]
• ‌�Local ablation procedures can be effectively 

performed under US guidance. Assistance can be 
provided through the use of CT, fluoroscopy, US/
CT-MRI fusion techniques, US contrast agents, and 
artificial ascites/pleural effusion as needed.

• ‌�Appropriate local and sedative anesthetic agents 
should be administered during the procedure to 
alleviate pain and ensure safe progress. 

• ‌�To prevent complications from the procedure and 
anesthesia, and to perform appropriate emergency 
measures, vital signs, including oxygen saturation, 
pulse rate, blood pressure, and electrocardiogram 
should be monitored, and equipment necessary for 
resuscitation, including oxygen and a crash cart, 
should be prepared.

• ‌�Swift post-procedure imaging is required to 
determine the technical success and the occurrence 
of complications. Re-treatment or additional 
treatment may be performed based on the outcome.

Patient Management After Local Ablation

Adverse reactions related to local treatment vary in type 
and frequency based on the clinical characteristics of each 
patient and the treatment method. Post-ablation syndrome 
is the most common adverse reaction to local ablation. 
Symptoms such as nausea, vomiting, mild abdominal pain, 
shoulder pain, and mild fever may develop 24–48 hours 
after completion of treatment in approximately 30%–40% of 
cases [66,67]. The severity and duration of symptoms vary 
based on the volume of the necrotic tissue and the patient’s 
general medical condition. Appropriate evaluation, including 
additional imaging studies, must be performed, if necessary, 
to discriminate between serious complications and simple 
post-ablation syndrome based on the clinical pattern if 
symptoms persist, even when no complications are observed 
in studies performed immediately after the procedure. Most 
local ablation-related complications, such as bleeding, 
develop immediately after the procedure. However, caution 
must be exercised as the presence of infection, damage to 
nearby organs, or delayed bleeding cannot be confirmed on 
imaging studies performed immediately after the procedure; 
these complications may become apparent on delayed 
follow-up imaging studies [68,69]. 

Approximately 5% of patients develop complications after 

local ablation [16,19,70], Major complications include liver 
abscesses, hemoperitoneum, hemothorax, pneumothorax, 
intestinal perforation, bilomas, hepatic infarction, and 
tumor cell seeding [16,21]. No significant differences in the 
overall incidence of major complication have been observed 
among RFA, MWA, and cryoablation [12,14,15,71]. However, 
caution is needed with cryoablation due to the potential 
risk of complications from hypothermia following the 
procedure, although it is associated with a lower incidence 
of complications during the treatment of HCCs located near 
the biliary tract or blood vessels compared to RFA [72-74]. 

The responses of HCC experts regarding patient 
management after local ablation revealed several 
complications, including post-treatment syndromes, 
bleeding, liver abscesses, bilomas, intestinal perforation, 
and pneumothorax. Other complications mentioned were 
hepatic infarction, liver failure, cardiac tamponade, and 
thermal injury to the diaphragm. According to the survey 
results, 27.3% of the respondents performed careful 
monitoring of vital signs for 4–6 hours after local ablation, 
while 22.7% performed such monitoring for 2–3 hours. 
The majority (94.3%) of HCC experts used post-procedure 
contrast-enhanced abdominal CT to detect complications 
after local ablation. Additionally, blood tests, such as liver 
function tests and complete blood counts, along with plain 
chest and abdominal imaging, were performed.

In terms of antiemetics used for post-ablation syndrome-
related nausea or vomiting, 72.7% of respondents reported 
administering metoclopramide, and 59.1% reported 
administering 5-HT3 receptor antagonists. The survey 
also found that 77.3% of respondents administered 
tramadol for pain management. Other drugs used for pain 
management included acetaminophen, narcotic analgesics, 
and nonsteroidal anti-inflammatory drugs. The European 
Association for the Study of the Liver recommends 
monitoring the side effects of opioids metabolized in the 
liver when controlling pain in patients with cirrhosis, as 
their liver metabolism may be impaired [8]. Most patients 
with well-maintained liver function undergo local ablation 
to compensate for cirrhosis or chronic hepatitis. However, it 
is important to monitor the side effects of opioids, such as 
tramadol and morphine.

The survey results revealed that 86.4% of the respondents 
administered third-generation cephalosporins such as 
ceftriaxone and cefotaxime when infection was suspected. 
A retrospective study that evaluated the frequency and 
risk factors for liver abscesses after local ablation revealed 
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that liver abscesses were detected in 1.7% of cases after 
the procedure [75]. Clostridium perfringens, Staphylococcus 
aureus, Aeromonas hydrophila, and Klebsiella pneumoniae 
were identified as the causative bacteria in a culture 
test performed using abscess aspiration. The presence 
of Enterococcus species and gram-negative bacilli was 
confirmed by blood culture. Therefore, the possibility of 
infection with aerobic and anaerobic bacteria must be 
considered when selecting empirical antibiotics [75].

[Recommendations]
• ‌‌�Appropriate evaluation, including additional 

imaging studies, must be performed to rule out 
serious complications if persistent abnormal 
symptoms and clinical signs are reported after local 
ablation.

Follow-Up After Local Ablation

Follow-Up Measures
Regular follow-up visits to outpatient clinics must be 

scheduled to detect delayed complications and recurrences 
after discharge from the hospital following local ablation. 
In addition, imaging and blood tests should be performed. 
Follow-up imaging examinations must be performed using 
dynamic contrast-enhanced CT or alternating dynamic 
contrast-enhanced CT and MRI. Furthermore, blood tests 
must be performed to determine tumor marker levels. The 
guidelines followed the 2022 KLCA-NCC practice guidelines 
for HCC [4-6]. 

Follow-Up Interval
The 2022 KLCA-NCC practice guidelines for HCC should 

be followed during follow-up. These guidelines recommend 
follow-up examinations at intervals of 2–6 months during 
the first two years after local ablation. If recurrence does 
not occur after 2 years, an individualized approach must be 
implemented based on symptoms, tumor marker levels, and 
experience of the clinician [4-6]. The results of a survey 
targeting attending physicians and operators revealed that 
most doctors (81.3%) had patients visiting the first outpatient 
clinic 1 month after local ablation. Follow-up examinations 
were performed at intervals of ≤3 months (34.3%) or 3–6 
months (60.0%) until 2 years after the procedure. Follow-up 
examinations were also conducted at intervals of 3–6 months 
(45.7%) or ≥6 months (54.3%) starting 2 years after the 

procedure if recurrence did not occur.

Treatment Response Evaluation
Treatment responses after local ablation for HCC can be 

assessed based on the findings of postprocedural imaging 
examinations. Tumor marker levels can be used as a reference 
in cases where tumors with high tumor marker levels are 
present before the procedure. The survey results revealed 
that 71.4% of respondents considered complete radiological 
response to be a complete response regardless of the 
tumor marker levels, whereas 28.6% considered complete 
radiological response and tumor marker normalization as a 
complete response. 

Local tumor progression was defined as the presence of a 
tumor adjacent to the ablation area after complete ablation 
on one or more follow-up imaging examinations, excluding 
those performed immediately after the procedure. However, 
it is unclear whether additional MRI examinations should be 
performed when local tumor progression is suspected based 
on CT findings. The survey results revealed that 45.7% of 
respondents considered CT findings alone to be sufficient 
for diagnosis, whereas 37.1% said that an additional MRI 
examination was required.

[Recommendations]
• ‌‌�Regular follow-up is necessary after local ablation, 

including imaging studies such as contrast-
enhanced CT or MRI examinations, as well as 
blood tests that include tumor markers. It is also 
important to establish follow-up intervals based 
on the guidelines outlined in the 2022 KLCA-NCC 
Practice Guideline. Additionally, an individualized 
approach that takes into account the patient’s 
symptoms and tumor marker levels is required.

Supplement
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