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Abstract

Real-time Multimodality-US Fusion Imaging-Guided Radiofrequency 

Ablation of Invisible or Inconspicuous Hepatocellular Carcinoma on B-

mode US:  Long-Term Results of Local Tumor Progression

Nominzul Otgonjargal

Department of Radiology, Seoul National University College of Medicine

The Graduate School

Seoul National University

OBJECTIVE: To determine whether multimodality-ultrasonography (US)  

fusion imaging guided radiofrequency ablation (RFA) can provide a similar 

long-term local tumor progression (LTP) rate for invisible or inconspicuous 

tumors on the B-mode US compared with that of conspicuous tumors on B-mode 

US.

MATERIALS AND METHODS: Institutional review board approval and 

informed consent were obtained. A total of 124 patients with 140 HCCs who had 

referred for percutaneous RFA were included in this prospective study. Planning 

B-mode US followed by fusion imaging were performed to evaluate tumor 

visibility, access route, and technical feasibility using a 5 -point score scale at 

each planning imaging methods. Switching monopolar RFA with a separable, 

clustered electrode and the multi-generator system was performed under fusion 



iii

imaging guidance. Technical success, technique efficacy and tumor recurrence 

rates were assessed on follow-up imaging studies.

RESULTS: Compared with B-mode US alone, real-time CT/MR-US fusion 

significantly improved the tumor visibility score (P <.001): 2.54±1.20 to 

3.62±0.53.  On B-mode US, there were 41 invisible tumors (41/140, 29.3%), and 

on fusion imaging, 26 (26/41, 63.4 %) of them became visible. Also, the overall 

mean technical feasibility grade of RFA significantly increased from 2.58±1.19

to 3.64±0.53 after the fusion system was applied (P < .001). The technical 

success rate was 97.8% (137/140), and technique efficacy rate was 97.8%

(134/137). The overall cumulative incidences of LTP were estimated as 7.5%, 

18.7%, and 21.7% at 12, 24, and 60 months, respectively. The cumulative 

incidences of LTP of visible and invisible HCCs on the conventional B-mode US 

were not significantly different (P=0.805).

CONCLUSION: Real-time multimodality-US fusion imaging guided RFA in 

patients with invisible or inconspicuous HCCs on B-mode US provided similar 

5-year LTP rates to that of RFA for conspicuous tumors.

Keywords: Radiofrequency Ablation, Hepatocellular Carcinoma, Tumor 

feasibility, Technical success, Technical effectiveness, Local tumor progression

Student ID: 2014-25229
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CHAPTER I. INTRODUCTION

Percutaneous radiofrequency ablation (RFA) is widely accepted as a 

minimally invasive treatment option for small hepatocellular carcinoma (HCC) 

and has been extensively implemented in the management of early stage HCC in 

patients with liver cirrhosis (1-4). RFA is commonly performed under imaging 

guidance of computer tomography (CT) or ultrasonography (US) (1). US has

many advantages such as being real-time imaging modality, safe, readily 

available, and less expensive than CT (5), and is the most commonly used 

guiding modality for RFA in Asian countries (6, 7). Furthermore, in Asia, 

monopolar RFA with the internally cooled electrode is most frequently used the

device for US-guided RFA, as this needle type electrode is easy to localize the 

tip of the electrode under the guidance of US (8). 

However, to implement US-guided RFA for liver lesions, the target lesion should 

be well depicted on the US, and the safe access route to the lesion for insertion of

the RF electrode is secured (6). Unfortunately, there are approximately 10-15% 

of patients with small HCC who are referred for RFA are not well visible on the 

B-mode US, and therefore, undergoing other treatments such as surgery or 

embolization (5). Recently, several methods are attempted to solve tissue 

problem of RFA for invisible or inconspicuous tumors on B-mode US: contrast-

enhanced US (9); image fusion (10-13); or CT or MR guidance (14). Until now, 

the most efficient and accurate method for localizing target tumor, providing a 



safe access path for electrode insertion, and monitoring the ablation procedure is 

needed to be determined (15). Among the techniques above, several previous 

studies showing that multimodality-US fusion technique can improve lesion 

detectability or conspicuity, and therefore increases RFA feasibility compared 

with conventional B-mode US (5, 15-19). However, until now, there have been 

no studies determining whether multi-modality fusion guided RFA for the 

invisible or inconspicuous tumors on conventional B-mode US can create the 

same long-term results of local tumor progression or recurrence free survival in 

comparison with RFA for clearly visible tumors on US scan. 

Therefore, the purpose of this study is to determine whether fusion imaging 

guided RFA for invisible or inconspicuous tumors on the B-mode US can 

provide similar long-term local tumor progression (LTP) rates compared with 

that of conspicuous tumors. 
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CHAPTER II. MATERIALS AND METHODS

Study population 

This prospective study was approved by the institutional review board of our 

institution, and informed consent was obtained from the study patients. From 

October 2010 to July 2012, a total of 124 patients who were referred for RFA for 

small (< 5cm in diameter) HCCs were enrolled in this study.  All patients had the 

appropriate quality of multiphasic liver CT or MRI scan within six weeks before 

RFA. The inclusion criteria for percutaneous RFA were as follows: (1) 

pathologic or typical imaging-based diagnosis of HCC using the criteria of 

arterial hyperenhancement and washout on portal or delayed phase images of 

dynamic CT or MRI which were described in American Association for the 

Study of Liver Diseases (AASLD) guideline or Liver imaging reporting and data 

system (LI-RADS) (4, 20-22); (2) no more than four tumors, with at least one 

tumor having a maximum diameter of less than 5.0 cm; and (3) Child–Pugh A or 

B liver function status. Subject exclusion criteria were as follows: (4) Patients 

had contraindications for conventional RFA such as uncooperative patients, 

intractable ascites, and uncorrectable coagulopathy bleeding; (5) the presence of 

nodal metastases or distant metastasis; (6) More than six weeks’ time interval 

between multiphasic liver CT or MRI and the RFA;  (7) patients received other 

interventional treatment for liver tumors such as transarterial chemoembolization 

or percutaneous RFA or ethanol injection between the multiphasic liver CT study 



and RFA, and (8) patients with RFA for palliative purposes. The baseline 

characteristics of all of the study patients are summarized in Table 1. The 

majority (75.8%, 94/124) of the patients were male.  The mean age was 62.3

(±8.8) years. Among 124 patients, 85 patients had a liver disease associated with 

viral hepatitis B, 21 patients had viral hepatitis C, 12 patients had the alcoholic

liver disease, and 6 patients had an unknown cause of liver disease.

Evaluation of tumor conspicuity and technical feasibility on 

planning US and fusion imaging

All patients underwent conventional US planning and multimodality fusion 

imaging (Virtual Navigator, Esaote, Genova, Italy, or Percu-Nav, Phillips IU 22 

G4.3version, Philips Medical Systems, Cleveland, OH, USA) before RFA 

procedure. The lesion visibility, lesion location, access route, expected number 

of overlapping sessions and technical feasibility were evaluated between the 

conventional US and fusion US for RFA planning by one experienced abdominal 

radiologist (JML with 18 years of clinical experience performing percutaneous 

ablations) (Fig.1). The mean interval between the last CT or MRI examination 

and planning US was 14.3 days (range, 0–41 days).

The scoring system for tumor visibility, a safe access route, and technical 

feasibility has been described in the previous study from the same institute (23). 

In brief, the tumor visibility by the conventional US and fusion imaging was 

scored using the following criteria: 1: invisible, 2: poor-partly visible even in 

deep inspiration or tumors with poor conspicuity, 3: fair-visible with an 

indistinct margin, and 4: good-clearly visible tumor with a distinct margin (5, 16, 
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23). Immediately after conventional planning US, lesions were subsequently 

evaluated using fusion imaging of conventional ultrasound and CT or MR 

images. Because peritumoral anatomic landmarks can sometimes be a 

determining factor in making RFA feasible, the feasibility of RFA after image 

fusion included not only patients with visible HCCs but also those with HCCs 

not visible on fusing imaging with adequate peritumoral anatomic landmarks 

(23). If the index tumor was not visible in the conventional US and RFA was 

thus not feasible, the operators reassessed the visibility of the index tumor after 

image fusion and recorded whether RFA was feasible after image fusion. Then, 

the operator evaluated the presence of a safe access path for electrode placement 

based on the presence of intrahepatic vessels (> 3mm) or organ at risk (adjacent 

to RFA zone) using a 3-point scale. On B-mode US or fusion imaging, the 

operators decided whether adequate electrode placement would be possible by 

using the peritumoral anatomic landmarks. Then the operators scored their 

confidence degree by using a 4-point scale (combining tumor visibility score and 

the score of safe access path), which was measured basically from the procedure 

safety and the likelihood of target tumor ablation completeness (23). Finally, 

expected number of overlapping ablations to achieve complete ablation of the 

index tumors was assessed by the operator(24).

Ablation Procedure 

One experienced radiologist (JML), who had performed more than 2000 

cases of RF ablation, performed all RFA procedure with one clinical fellow or 



senior radiology resident using fusion imaging guidance (Virtual Navigator, 

Esaote, and Percu-Nav, Phillips IU 22 G4.3version iU22 ultrasound system). 

Conscious sedation using Fentanyl, Midazolam, and Ketamine was induced for 

the ablation procedure by a special nurse anesthetist with continuous monitoring 

of vital sign. After upper abdomen sterilization, local anesthesia with 2% 

lidocaine hydrochloride was applied to the region of electrode insertion. The 

RFA was performed using a separable clustered electrode having three internally 

cooled electrodes (Octopus RF Electrode, STARmed, Goyang, Kyunggi, Korea), 

and a 200W, switching monopolar RF system having triple RF generators (Viva

RF System, STARmed). The active tip length of the separable clustered 

electrode was determined based on the tumor size and geometry: for tumors 

smaller than 2 cm in long axis diameter, a 2-cm active tip was used; for tumors 

2~2.5cm, a 2.5-cm tip was used (23).  The energy deposition algorithm followed 

the instructions of the manufacturer for each device. Before RFA, artificial 

ascites of 500mL to 1L was infused when sonic window improvement or thermal 

injury level reduction to the adjacent diaphragm or colon were needed. After 

infusion of artificial ascites, image fusion between the ultrasound and CT or MR 

images was performed. Repositioning of one or two tips of the octopus 

electrodes was done when there were insufficient echogenic air bubbles covering

the index tumor(25). As the index tumor complete coverage was achieved with 

sufficient safety margin (>5 mm) by echogenic bubbles as seen on real-time

fusion US-CT/MR, the RFA procedure was subsequently terminated. At the end 
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of the RFA procedure, the electrode access was cauterized to prevent bleeding 

and tumor seeding during the electrode retraction.

Evaluation of Treatment Success and Efficacy, and 

Complications

Technical success and technique efficacy. - Within 1 hour after the RF ablation 

procedures, all patients underwent contrast-enhanced, multiphase liver CT in 

order to evaluate therapeutic response and development of any possible 

complications. Technical success was defined as the index tumor covered 

completely by the ablation zone without any enhancing areas within the entire 

tumor on immediate follow-up liver CT (1). Technical success was determined

by the attending radiologist and the clinical fellow or senior radiology resident

who performed the procedure (26, 27). Also, technique efficacy was defined by 

the absence of nodular enhancement within the ablation zone on 1-month follow-

up CT after the RFA procedure (1).

Complications. - One of the authors recorded any complications related to the 

RF ablation procedure, and classified them into major and minor complications 

according to the Society of Interventional Radiology Guidelines (1). Also, the

author also searched medical record to identify any additional treatments given 

to patients for managing the complications.

Evaluation of local tumor progression, intrahepatic remote

recurrence, and distant metastases.



For evaluation of the development of local tumor progression or metastases, 

contrast-enhanced multiphase liver CT or MR imaging as well as measurement 

of the serum AFP level were performed in all patients every 3~4 months after 1-

month follow-up CT. Development of hepatic tumor recurrence during the 

follow-up period, if any, was assessed, and was further defined as local LTP, 

intrahepatic distant recurrence (IDR) or extrahepatic metastasis (EM). When 

persistent enhancing foci of tissue were observed at the site of the original tumor 

or within 2 cm distance from the index tumor at follow-up after achievement of 

treatment success, it was considered LTP (28). Also, intrahepatic distant

recurrence as the emergence of one or more nodular tumors not adjacent to the 

treated site (28). In these patients with tumor recurrence, possible treatment 

options for HCC including hepatic resection, repeated ablation, liver 

transplantation, percutaneous ethanol injection therapy (PEIT), and transarterial 

chemoembolization (TACE) were considered.

Statistical analysis

Data was analyzed using commercially available statistics software IBM 

Statistical Package for Social Sciences 24.0 version (Chicago, IL, USA). The 

descriptive statistical analysis included percentage, means, frequency, and 

standard deviation. Wilcoxon signed rank test was for comparison of B-mode US 

and fusion imaging. The Fisher’s exact test and Mann Whitney U test were used

for comparison of invisible and visible lesions on B-mode US. The Wilcoxon 

signed rank test and Mann Whitney U tests were applied for the variables as 

follows: ultrasound visibility of the lesions, confidence for safe access route, 
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changes in approach route, and changes in some overlapping ablations. Student t-

test with unequal variances was used for comparison of the tumor size. Also, the 

cumulative incidences of LTP, IDR, and EM at 6, 12, 24, 36, 48 and 60 months 

were evaluated using the Kaplan-Meier method. Comparison between the 

cumulative incidences was performed using the Kaplan-Meier method with the 

log-rank test. Univariate and multivariate analyses were conducted to determine

the important parameters able to predict local tumor progression. A P value less 

than .05 was considered to indicate a significant difference.



CHAPTER III. RESULTS

Comparison of fusion imaging with B-mode US for tumor 

visibility and technical feasibility

Compared with B-mode US alone, real-time CT/MR-US fusion significantly 

improved the tumor visibility score (P <.001): 2.27±1.07 to 2.85±0.97.). On B-

mode US, there were 41 invisible tumors (41/140, 29.3%). However, on fusion 

imaging, 26 (26/41, 63.4 %) of those 41 lesions became visible. Also, the overall 

mean technical feasibility grade of RFA significantly increased from 2.58±1.19 

to 3.64±0.53 after the fusion system was applied (P < .001). Among the 140 

tumors, 38 tumors were scored as not treatable (score 1) owing to invisible 

tumors and low conspicuity of anatomic landmarks (n=36) or inadequate safety 

access route (n=2) on B-mode US alone.  After applying real-time CT/MRI-US

fusion imaging, operator’s confidence regarding feasibility was upgraded in all 

38 tumors from not feasible to equivocally (n=1), fairly (n=30), or definitely 

(n=7) feasible. The grade of assessment of safe access route was decreased 

2.66±0.52 to 2.54±0.65 (P=0.014), expected number of the overlapping number 

was increased 1.21±0.472 to 1.31±0.57 (P=0.001).

Comparison between invisible tumors and visible tumors on 

the B-mode US.

Among the 140 liver lesions, 99 (70.7%) lesions were detected on B-mode 

US, while 41 (29.3%) HCCs were not well visualized on B-mode US. The poor 

conspicuity of the tumors was mainly attributed to a combination of several 
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reasons such as underlying diffuse hepatic parenchymal changes related to

cirrhosis, steatosis or previous percutaneous treatments, small tumor size, 

interference by the lung or omentum. The mean size of the invisible HCCs 

(1.47±0.58) was significantly smaller than that of visible HCCs (1.71±0.61) (P 

=0.030). Invisible tumors showed a significantly lower grade of operator’s 

confidence in technical feasibility on both B-mode US and fusion imaging (both 

P<.001), with occurrences of more frequent access route changes (P<.001)

(Table 2). However, fusion guided RFA achieved comparable technique efficacy 

between invisible tumors (38/ 41, 92.6%) and visible tumors (96/99, 96.9%) 

(P=0.579).

Treatment success, technique efficacy, and complications.

For the treatment of the 124 HCCs, a total of 162 RFA sessions was

performed (one session in 122 tumors, two sessions in 14 tumors and three 

sessions in 4 tumors). The mean time per lesion needed for RFA was 13.6

minutes. Technical success was achieved in all patients at immediate follow-up 

CT or MRI. Excluding three lesions which have no follow-up imaging study, 

technique efficacy was achieved 134 out of 137 tumors (97.8%, 134/137). 

There was no procedure-related major complication or death observed in this 

study. There were seven minor complications including pleural effusion (n=5), 

two track bleeding (n=2) and severe pain requiring additional treatment (n=3). 

One of the track bleeding patients received intercostal artery angiography due to 

contrast pooling in the thoracic wall muscle at immediate follow-up CT while 



vital signs were stable, but the active bleeding was not visualized at the 

angiography. 

Local tumor progression, intrahepatic recurrence, and 

metastasis.

LTP. - The median follow-up period was 52.8 months (range, 0–74 months, 

mean: 47.2 ±19.3 months). Of the 134 tumors in which technique efficacy was 

achieved at CT or MRI one month after ablation, LTP developed in 23 tumors 

(23/134, 17.2%). The overall cumulative incidences of LTP were estimated as 

7.5%, 18.7%, 20.1%, 21.7%, and 21.7% at 12, 24, 30, 48 and 60 months, 

respectively (Fig.2). The cumulative incidences of invisible tumors LTP were 

estimated as 6.3%, 6.3%, 25.6%, 25.6%, 25.6% and 25.6%, visible tumors LTP 

were 3.2%, 8.1%, 16.8%, 18.5, 20.7% and 24.3% at 12, 24, 30, 48 and 60 

months, respectively. The cumulative incidences of LTP of visible and invisible 

HCCs on the conventional B-mode US were not significantly different (P=0.805)

(Table 3). 

The prognostic factors affecting the LTP developments of HCC after obtaining 

technical efficacy with RFA are summarized in Table 4. At univariate and 

multivariate analysis for predicting the development of  LTP, confidence in 

technical feasibility (P=.03 and P=.02) on fusion imaging was an only significant 

predictive factors. Tumor visibility on fusion imaging and history of previous 

treatment showed a tendency of affecting the development of LTP of HCC on 

univariate analysis but were not a significant factor for developing LTP on 

multivariate analysis. 
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IDR and EM. - Among the 122 patients, 52 patients (42.6%) with follow-up

imaging studies developed IDR and EM. The estimated 12-, 24-, 36-, 48- and 60-

cumulative incidences of IDR were 19.3%, 29.9%, 42.6%, 51.0% and 52.6%, 

respectively. The estimated 12-, 24-, 36-, 48- and 60- month cumulative 

incidences of EM were 1.1%, 1.1%, 1.1%, 3.7% and 3.7%, respectively.



CHAPTER IV. DISCUSSION

This study showed that real-time CT/MR-US fusion imaging improved

conspicuity of HCCs and also increased the feasibility of RFA for HCCs, 

especially for HCCs not visible on the conventional US. Also, real-time fusion 

imaging guided RFA yielded a 97.8% of technical success, and 97.8% of the 

technical efficacy. Furthermore, in our study, the long-term cumulative 

incidences of LTP of real-time RFA for invisible HCC or poorly visible HCC on 

B-mode US were similar to those of visible HCC. These results were similar to 

the previous studies reporting that real-time fusion imaging could improve 

technical feasibility for RFA of tumors with poor conspicuity or invisible tumors 

by enhancing either visibility or showing the nearby anatomical landmarks (5, 

16, 29, 30). However, those previous studies evaluated only the technical 

feasibility of real-time fusion imaging and immediate therapeutic results of RFA.

Until now, there have been no studies which evaluated the clinical value of real-

time CT/MR-US fusion imaging for RFA of invisible tumor or tumors with poor 

conspicuity on B-mode US regarding the long-term LTP rates or recurrence free 

survival.  Based on our study results, we believe that invisible or poorly visible 

tumors on B-mode US could be treatable with RFA under the guidance of real-

time fusion imaging, and therefore, fusion imaging can also expand the technical 

feasibility of US-guided RFA in patients with HCC.

In addition, fusion guided RFA achieved comparable therapeutic efficacy 

between invisible tumors and visible tumors on the conventional B-mode US in 
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our study. Fusion imaging guided switching monopolar RFA using the separable 

clustered electrode in the current study achieved 10.3%, 20.1% and 26.6% LTP 

rates at 12, 36, and 60 months, respectively. Furthermore, our study result 

regarding the LTP rate was similar to those demonstrated in previous studies

using US guidance which reported 11% ~20% of a 3-year LTP rates after RFA 

(31-33) and 27% of 5 year-LTP rates (34). However, in our study, there were 

29.3% tumors were not well visualized on B-mode US, and also were 60.5% of 

the patients had received other treatments for HCC. On the contrary, in those 

previous studies, there were only patients with clearly visible HCCs on B-mode 

US, and in whom RFA was used as an initial treatment modality (31-34). Until 

recent years, invisible or poorly visible tumors on the B-mode US were not a 

good candidate for percutaneous RFA. Regarding treatment of poorly visible 

tumors on the conventional B-mode US with percutaneous RFA, other guiding 

techniques such as CT or MRI could also be used to improve the visibility of 

tumors, vessels, or bile duct in the liver. However, the conversion from the B-

mode US to CT or MRI may lead to potential problems of increased radiation or 

lack of real-time imaging capability (10). Also, contrast-enhanced US can be 

applied to improving the visibility of HCC but requires an additional injection of

a contrast agent which increase medical expense and also procedure time (35, 

36). However, considering that real-time fusion imaging only requires an 

additional fewer than 5 minutes for registration and could be easily equipped in 

any US room where RFA procedures are performed (37), fusion imaging may be 



a cost-effective guidance tool for RFA, especially when the target tumor is not 

conspicious on the conventional US.

Of interesting note is that our study demonstrated that operator’s confidence 

in technical feasibility which was determined on real-time multimodality-US 

fusion was significant predictor for the occurrence of LTP. Previously known 

risk factors for LTP are large tumor size, infiltrating tumor morphology, 

insufficient ablative margins, blood vessels close to the tumor, subcapsular tumor 

location, subphrenic tumor location, poor histologic grade and history of 

previous treatments (23, 38-40). However, in our study, tumor size was a 

significant predictor, and we believe that the discrepancy between our study and 

the previous studies (23, 38-40) might be related with the small tumor size (mean 

1.6cm) of the treated tumors, and small number of tumors larger than 3 cm in 

diameter in our study. In addition, according to a recent study by Ahn et al (23)

which reported mid-term follow-up results of  real-time fusion imaging guided 

RFA using multiple electrodes, previous treatment for other hepatic tumors 

(P=0.01), higher expected number of electrode insertions needed and lower

technical feasibility scores (P<0.01) on fusion imaging were significant negative 

predictive factors for local tumor progression. However, they also stated that 

operator’s confidence was the most important predictive factor for LTP since the 

operator would have considered those above known predictive factors of LTP. 

We also believe that as real-time multimodality-US fusion imaging allowed more 

clearly visualize the relationship between the target tumor and at risk of injury

structures in the adjacent liver or on the access route, the operator was able to 
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more precisely assess the feasibility, which may also predict the development of 

LTP (23). 

The present study had several limitations. First, small sample size is a major 

limitation. Second, HCC conspicuity on planning ultrasound was determined not 

by multiple observers or consensus reading but only by one radiologist/operator. 

This may lead to the presence of subjectivity and bias. Third, all RFA procedures 

were performed in a single center. The result of percutaneous ultrasound-guided 

RFA depends on HCC visibility that related to several factors such as operator 

experience, patient population, and tumor characteristics. 

In conclusion, real-time multimodality-US fusion imaging guided RFA for 

invisible or inconspicuous HCCs on B-mode US provided similar 5-year LTP

rates to that of RFA for conspicuous tumors. Furthermore, the use of real-time 

CT/MR-US fusion imaging for percutaneous RFA in the management of HCC 

patients can increase operator confidence for feasibility and also expand the

indication of RFA by improving the visibility of the index tumor and key 

anatomic structures on the access route of electrode insertion.



Figure 1. Study protocol. The schedule shows protocol of US/CT-MR 

fusion imaging guidance RFA procedure and intervals between pre-

procedure examinations, treatment and follow-up. 
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Figure 2. 

Cumulative local tumor progression rates after RFA. 

C



a. The graph shows cumultative incidence of local tumor progression 

(LTP) for total study patients. The 6, 12, 24, 36, 48, and 60 month 

LTP rates are 4.0%, 7.5%, 18.7%, 20.1%, 21.7%, and 21.7%, 

respectively. 

b. The graph shows cumulative LTP rates depending on feasibility 

score on fusion imaging before RFA. The patients with a lower score 

for the feasibility of RFA on fusion imaging show significantly 

higher LTP rates than the patients with high and intermediate scores 

of feasibility. 

c. The graph shows cumulative incidences of invisible tumors LTP 

were estimated as 6.3%, 6.3%, 25.6%, 25.6%, 25.6% and 25.6%, 

visible tumors LTP were 3.2%, 8.1%, 16.8%, 18.5, 20.7% and 24.3% 

at 12, 24, 30, 48 and 60 months, respectively. The cumulative 

incidences of LTP of visible and invisible HCCs on the conventional 

B-mode US were not significantly different (P=0.805). 
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Table 1. Baseline clinical characteristics of 140 tumors in 124 patients 

with HCCs treated with RFA

Characteristics Values

Age (years)* 62.3 (44-80)

Gender (men/women) 94/30

Liver cirrhosis (Yes/No) 101/23

Etiology of liver disease (none/Alcoholic/HBV/HCV) 6/12/85/21

Child-Pugh class (A/B) 114/10

No. of tumors (single/two/three) 110/12/2

Tumor size (mm)* 16 (7-40)

Tumor location (right/left) 103/37

Previous local treatment for HCCs * (Yes/No) 75/49

Technical variables Values

Interval between CT/MRI and RFA (days)* 14.3 (0-41)

Artificial ascites (none/used) 74/50

Mean time of RFA (min/lesion) 13.6

Immediate re-RFA+ 3 (2.1%)

Note. - Data are numbers of cases unless specified otherwise.

*Data are mean values (Range).

+Data are number of cases (percentage).

Abbreviations: HCC, hepatocellular; HBV, B virus; HCV, hepatitis C virus; 

RFA, radiofrequency ablation; OP, operation; TACE, transarterial

chemoembolization; PEI, percutaneous ethanol injection.

* Operation, RFA, transarterial chemoembolization, percutaneous ethanol 

injection



Table 2. Comparison of basic tumor characteristics, treatment 

variables of RFA and technical effectiveness between invisible and 

visible HCC groups on B-mode ultrasound

Characteristics Invisible 

(n=41)

Visible 

(n=99)

P

value
Age (years) 64.2 (44-80) 61.6(44-80) 0.156

Etiology of liver disease

(Alcohol/HBV/HCV/None)

4/23/10/4 10/69/14/6 0.326

Liver cirrhosis (Yes/No) 21/20 58/41 0.458

Child-Pugh score (A/B/C) 34/6/1 92/7/0 0.072

Previous Treatment for HCCs 

(None/Yes)

9/32 46/53 0.008

Artificial ascites (not used/used) 18/23 63/36 0.039

Tumor location (Left/Right) 9/32 28/71 0.530

Size of tumor (cm) 1.47±0.58 1.71±0.61 0.030

Access route_Planning US 2.71±0.51 2.65±0.52 0.473

Access route_Fusion Imaging 2.63±0.54 2.50±0.69 0.381

Overlapping times_Planning US 1.12±0.40 1.24±0.50 0.116

Overlapping times_Fusion Imaging 1.24±0.49 1.33±0.61 0.521

Technical feasibility_Planning US 1.15±0.42 3.17±0.86 <0.001

Technical feasibility_Fusion US 3.24±0.49 3.80±0.45 <0.001

Change route (Yes/No) 35/6 42/57 <0.001

Technique efficacy (Yes/No) 38/2 96/1 0.579
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Note.- No. =number. HBV= hepatitis B virus, HCV = hepatitis C virus.



Table 3. Cumulative incidences of LTP, IDR and EM rates after RFA. 

Months 6 12 24 36 48 60

LTP 4.0% 7.5% 18.7% 20.1% 21.7% 21.7%

Visible(n=96) 3.20% 8.10% 16.80% 18.50% 20.70% 24.30%

Invisible(n=38) 6.30% 6.30% 25.60% 25.60% 25.60% 25.60%

IDR 9.3% 19.3% 29.9% 42.6% 51.0% 52.6%

EM 0.0% 1.1% 1.1% 1.1% 3.7% 3.7%

Note. - LTP= local tumor progression, IDR= intrahepatic distant recurrence, EM= extrahepatic metastases. 
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Table 4. Results of univariate and multivariate Cox survival analysis of the predictors of local tumor 

progression.

Characteristic Univariate analysis Multivariate analysis

RR 95% CI P value RR 95% CI P value

Age 0.99 0.95-1.05 0.95

Tumor location (Left/Right) 1.28 0.51-3.19 0.60

Tumor size 1.16 0.64-2.21 0.58

Portal hypertension (None/Yes) 1.28 0.58-2.82 0.14

Child-Pugh class (A/B) 0.42 0.19-0.94 0.97

Previous Treatment 

(None/Yes)

1.34 0.59-2.99 0.01

Artificial ascites (not used/used) 1.74 0.79-3.81 0.16



Tumor visibility_ B mode 0.85 0.59-1.23 0.39

Tumor visibility_ Fusion 

imaging

0.78 0.53-1.15 0.03

Safety root assessment_ B mode 0.04 0.14-1.17 0.68

Safety root assessment_ Fusion 

imaging

0.39 0.75-2.87 0.27

Expected number of electrode 

insertions needed _ B mode

0.55 0.18-1.62 0.28

Expected number of electrode 

insertions needed _ Fusion 

imaging

0.97 0.49-1.88 0.92

Technical feasibility_ B mode 0.90 0.65-1.25 0.54

Technical feasibility_ Fusion 

imaging

0.51 0.26-1.02 0.03 0.16 0.03-0.75 0.02

Route change (Yes/No) 0.7 0.32-1.51 0.377

Note. – RR = relative risk, CI = confidence interval. 
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국문초록

목적: 이 연구의 목적은 통상적인(B-mode) 초음파(US)에서 보이지

않거나 경계가 불분명하여 고주파 열 치료(RFA)가 힘들었던 종양에서

컴퓨터 단층 촬영(CT) / 자기공명 영상(MRI)과 초음파 융합 영상을

참고 하여 고주파 열 치료술을 시행하였을 때 이후 국소 종양

재발률이 B-mode초음파에서 잘 보이는 종양에서 시행한 고주파 열

치료술의 성적과 비교해 보고자 한다.

재료 및 방법:본 기관 임상연구심의위원회에서 해당 연구를 승인

하였으며 모든 환자에서 사전 동의서를 받았다. 해당 전향적인

연구에는 2010년 10월부터 2012년 7월까지 간세포 암으로

영상의학과에 경피적 고주파 열 치료술이 의뢰된 124명, 140개 간세포

암이 포함되었다. 모든 환자에서 고주파 열 치료술 시작 전에 계획

초음파와 융합 영상 초음파를 시행하였으며 종양의 가시성, 안전한

접근 경로 유무 및 기술적 실행 가능성에 대하여 평가를 하였다. 

고주파 열 치료 이후 기술적 성공 여부, 치료의 효과 및 간세포 암의

재발에 대해서 추적관찰을 하였다. 

결과: CT/MR-US 융합 영상에서 B-mode 초음파에 비해서 종양의

가시성이 2.54±1.20 에서 3.62±0.53으로 통계적으로

향상되었다(P<.001). B-mode 초음파에서 보이지 않았던 41개의 간세포



암(41/140, 29.3%) 중 26개의 간세포 암은 융합 영상을 적용하였을 때

찾을 수 있었다(26/41, 63.4 %). 또한 기술적 실행 가능성 평가 또한

2.58±1.19 에서 3.64±0.53으로 유의한 향상을 보였다(P<.001). 융합

영상을 참고하여 고주파 열 치료 시행 이후 기술적 성공률 은 97.8% 

(137/140) 이고 치료가 성공적으로 시행된 137개의 종양 중 97.8% 

(134/137) 에서 치료 한 달 이후에도 치료 부위에서 재발이 생기지

않아 효과적인 치료가 시행된 것으로 확인 되었다. 12, 24,와

60개월의 전체적인 누적 국소 종양 재발률은 각각 7.5%, 18.7%, 

21.7%로 추정된다. B-mode 초음파에서 보이지 않았던 간세포 암을

융합 영상을 참고하여 고주파 열 치료를 시행한 후 국소 종양

재발률이 B-mode 초음파에서 잘 보이는 간세포 암과 비교 시 의미

있는 차이가 없었다(P=.805). 

결론: CT/MR-US 융합 영상을 참고 하여 B-mode 초음파에서 보이지

않거나 경계가 불분명한 간세포 암을 고주파 열 치료하였을 때 5년간

국소 종양 재발률이 잘 보이는 간세포 암과 유사한 정도를 얻을 수

있다. 또한 간세포 암 환자에서 경피적 고주파 열 치료 시에 CT/MR-US 

융합 영상을 참고 하는 것은 종양의 가시성을 향상시킬 뿐만 아니라

시술자의 기술적 실행 가능성을 높여 주어 고주파 열 치료의 범위를

확장 시킬 수 있다. 

학번: 2014-25229


	Chapter I. Introduction
	Chapter II. Methods
	Chapter III. Results
	Chapter IV. Discussion and Conclusion
	References
	Abstract in Korean


<startpage>10
Chapter I. Introduction 1
Chapter II. Methods 3
Chapter III. Results 10
Chapter IV. Discussion and Conclusion 14
References 27
Abstract in Korean 31
</body>

