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Purpose: To assess the value of the combined ultrasound (US)/computed tomography (CT)

guidance (US guidance was firstly used for puncture with the electrode needle to the site

close to the tumor, and subsequently, CT guidance was used for precise positioning of the

electrode tips) in percutaneous radiofrequency ablation (RFA) after transarterial chemoem-

bolization (TACE) for hepatocellular carcinoma (HCC) in the hepatic dome.

Methods: From January 1, 2013 to June 30, 2017, medical records of 65 patients with

HCCs in the hepatic dome who received TACE treatment before RFA procedure were

retrospectively analyzed. Among them, 34 patients with 35 liver tumors underwent percuta-

neous RFA under combined US/CT guidance, and 31 patients with 35 liver tumors received

percutaneous RFA under CT guidance alone. The efficacy of combined US/CT-guided RFA

was analyzed, and the procedure time and safety between the two groups were compared.

Results: In the combined US/CT-guided RFA group, the 1-, 3-, and 5-year local recurrence

rates were 3%, 6%, 9%, respectively, and the 1-, 3-, and 5-year overall survival rates were

100%, 97%, 94%, respectively. The mean procedure time in the CT-guided RFA group was

significantly longer than that of the combined US/CT-guided RFA group (P<0.001).

Although the overall complication rates between the two groups were not statistically

significant, there were no occurrences of RFA-related complications in the combined US/

CT-guided RFA group. The incidence of postoperative adverse reaction of right upper

quadrant pain in the CT-guided RFA group was greater than that of the combined US/CT-

guided RFA group (P=0.01).

Conclusion: Percutaneous RFA under the combined US/CT guidance was helpful for HCC

in the hepatic dome.

Keywords: radiofrequency ablation, hepatocellular carcinoma, hepatic dome, combined US/

CT guidance, CT guidance

Introduction
Percutaneous radiofrequency ablation (RFA) under image guidance, such as ultra-

sound (US) or computed tomography (CT), has become a frequent alternative

treatment for unresectable hepatocellular carcinoma (HCC).1,2 As a minimally

invasive procedure, the RFA efficacy for HCC is satisfactory.2–4 However, HCC

in the hepatic dome is sometimes incompletely visible on US because of obstruc-

tion by the lung or ribs. US-guided RFA may lead to an incomplete ablation and
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damage to the surrounding organs during ablation for HCC

in the hepatic dome. Therefore, CT-guided RFA is usually

used for such HCC in clinical practice. Although previous

studies5,6 reported that CT-guided RFA had excellent effi-

cacy for HCC in the hepatic dome, CT-guided puncture is

relatively time-consuming, and pneumothorax or injury to

the major tissues or organs may occur because of non-real-

time dynamic observation. Thus, percutaneous RFA for

HCC in the hepatic dome is challenging.

In the present study, patients with HCC received trans-

arterial chemoembolization (TACE) treatment before RFA

to improve the efficacy and safety of percutaneous RFA

for HCC. Then, percutaneous RFA under the combined

US/CT guidance or under the CT guidance alone was

performed for HCC, which was located in the hepatic

dome and was incompletely visible on US. The clinical

data of these patients were retrospectively reviewed. The

efficacy of the combined US/CT-guided RFA was ana-

lyzed, and the procedure time and safety between the

combined US/CT-guided RFA and the CT-guided RFA

were compared. The purpose of the study is to assess the

value of the combined US/CT guidance in percutaneous

RFA after TACE for HCC in the hepatic dome.

Materials and methods
Study design and patient selection
From January 1, 2013, to June 30, 2017, medical records of

65 patients with HCCs in the hepatic dome were retrospec-

tively analyzed. All the patients received TACE treatment

before RFA procedure. Among them, 34 patients with 35

liver tumors underwent percutaneous RFA under combined

US/CT guidance, and 31 patients with 35 liver tumors

received percutaneous RFA under CT guidance alone. The

efficacy of the combined US/CT-guided RFAwas analyzed.

The group of patients who underwent CT-guided RFA pro-

cedure was the control group, and the procedure time and

safety between the combined US/CT-guided RFA and CT-

guided RFAwere compared. Approval for this retrospective

study was obtained from Ethics Committee of Tongji

Medical College, Huazhong University of Science and

Technology. The informed consent was waived for this

retrospective study. All data of patients were used confiden-

tiality and anonymously. The research involved no more

than minimal risk to the patients. Meanwhile, the waiver did

not adversely affect the rights and welfare of the patients.

The study protocol followed all appropriate guidelines

according to the Declaration of Helsinki.

The inclusion criteria of the patients were as follows:

(1) patients were diagnosed with HCC according to patho-

logic examination or noninvasive criteria in accordance

with the European Association for the Study of the

Liver/American Association for the study of Liver

Disease guidelines;7 (2) HCC was unresectable or patients

refused surgical treatment; (3) HCC was located in the

hepatic dome, and was incompletely visible on US

because of obstruction by the lung or ribs; (4) patients

with less than or equal to three HCC lesions with a

diameter smaller than or equal to 3 cm; (5) no vascular

invasion; (6) no extrahepatic metastases; (7) liver function

classified as Child-Pugh class A or B; (8) blood platelet

count >50×109/L; (9) patients with normal prothrombin

time and activated partial thromboplastin time, and fibri-

nogen activity was over 50%; (10) East Coast Oncology

Group (ECOG) performance status value ≤2; and (11) no

severe heart disease.

TACE procedure
All of the patients received TACE treatment before RFA.

The operators (X.K., Y.W., S.S., B.X., C.Z.) of TACE had

at least eight years of experience in performing TACE

procedures. TACE was performed with a 5-French catheter

(Cook, Bloomington, Indiana, USA) or a microcatheter

(Pro great, Terumo, Tokyo, Japan) as selectively as possi-

ble through the lobar, segmental, or subsegmental arteries,

depending on the tumor distribution and hepatic functional

reserve. Initially, an emulsion of 5–10 mg doxorubicin

hydrochloride (Hisun Pharmaceutical Co. LTD, Zhejiang,

China) and 2–5 mL lipiodol (Lipiodol Ultrafluido,

Guerbet, France) was administered into the tumor’s feed-

ing arteries. The dosage of lipiodol and doxorubicin was

determined according to the tumor’s size and vascularity,

and the patient’s underlying liver function. Next, gelatin

sponge particles (300–500 μM in size, Cook,

Bloomington, Indiana, USA) were mixed with contrast

material and then administered into the tumor-feeding

arteries until stasis of the arterial flow was achieved.

Investigations before RFA
A series of panels including a complete blood count, liver,

renal function tests, prothrombin time, and electrocardio-

gram were performed before RFA to investigate whether

the patients fulfilled the RFA treatment criteria. US and

CT were performed one day before RFA to observe the

size, location of the HCC lesions, and lipiodol accumula-

tion in the liver tumor.
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Percutaneous RFA technique
The RFA operators of Bin Xiong had 10 years of experience,

and Chuansheng Zheng had 15 years of experience in per-

forming RFA procedures. Patients received RFA treatment

within 5–10 days after TACE treatment. RFAwas performed

with a 460-kHz RF generator (Rita Medical Systems,

Mountain View, California, USA), and a 14-gauge probe

and 15-cm-long multiple electrode (Rita Medical Systems,

Mountain View, California, USA). A color doppler ultra-

sound (Acuson X300, Siemens Medical Solutions,

Muenchen, Germany) was used for guidance in the combined

US/CT-guided RFA procedure. In the CT-guided or com-

bined US/CT-guided RFA procedure, a 16-row spiral CT

(somaton sensation, Siemens Medical Solutions, Muenchen,

Germany) was used for guidance.

CT-guided percutaneous RFA
Patients lay in a supine or left lateral position to expose the

operation site. A CT scan was conducted to determine the

entry point of the puncture, path direction, puncture angle,

and depth of the needle, which helped to avoid injury to

the lung, major blood vessels, and bile duct. Analgesia was

achieved by intravenous administration of 50–100 mg of a

flurbiprofen axetil injection (Tide Pharmaceutical Co., Ltd,

Beijing, China) and a local injection of 5–10 mL of 2%

lidocaine. A skin incision that was approximately 0.5 cm

in diameter was made in the point of puncture. The multi-

ple electrode was inserted into the tumor center under the

CT guidance and was spread out. The three-dimensional

images of the CT scan were used to observe the position of

the probe. Then, the ablation started. The ablation zone

included at least a 0.5 cm rim of normal liver parenchyma.

Needle track ablation was performed while withdrawing

the electrode needle to reduce the risk of tumor cell seed-

ing and hemorrhage.

Combined US/CT-guided percutaneous

RFA
Patients lay in a supine or left lateral position to expose the

operation site. For avoiding the lung, major blood vessels,

and bile duct, an US and CT scan were firstly performed,

respectively, to determine the entry point of the puncture,

path direction, and puncture angle. Analgesia was achieved

by intravenous administration of 50–100mg of a flurbiprofen

axetil injection and a local injection of 5–10 mL of 2%

lidocaine. A skin incision that was approximately 0.5 cm in

diameter was made in the point of puncture. In general, after

TACE, HCC lesions with hypo- or iso-echoic on the images

of US changed to hyper-echoic, and a part of the tumor was

visible on US. HCC lesions with low-density on the images

of CTchanged to high-density because of lipiodol accumula-

tion in the tumor. According to the combined information

which was provided by the images of CT and US, we can

detect the HCC lesions with incomplete visible on US. The

electrode needle was inserted to the site close to the tumor

under US guidance at first (Figure 1B). Then, the multiple

electrode needle was introduced into the tumor center under

the CT guidance and was spread out (Figure 1C). The precise

positioning of the electrode tips was confirmed by a CTscan.

The next ablation steps were the same as the CT-guided RFA.

Assessment of clinical outcomes
All of the patients underwent a follow-up, with the end of

follow-up time being September 30, 2018. Patients were eval-

uated one month after the RFA procedure and then every three

months post-RFA with laboratory and imaging examination,

including α-fetoprotein, contrast-enhanced CT or contrast-

enhanced magnetic resonance imaging. Local recurrence was

defined as the appearance of a viable intrahepatic tumor within

or at the periphery of the original ablated lesion.

A postoperative adverse reaction including low-grade

fever (from 37.5°C to 38.5°C), right upper quadrant pain,

and nausea and/or vomiting was observed and recorded

after the procedure. Complications were evaluated accord-

ing to the society of interventional radiology criteria.8 Any

complication greater or equal to grade C was considered to

be a major complication.

Statistical analysis
All analyses were performed with SPSS software (Version

17.0; IBM, Armonk, New York). The independent-sam-

ples t-test, Wilcoxon signed-rank test, Pearson’s x2 test,

continuity correction x2 test, and Fisher’s exact test were

used for comparison between the combined US/CT-guided

RFA group and CT-guided RFA group. Kaplan-Meier

method was used for calculating the overall survival rate

in combined US/CT-guided RFA group. All statistical tests

were two-sided. A value of P<0.05 was considered statis-

tically significant.

Results
The baseline patient characteristics
All of the patients in this study successfully underwent TACE

treatment before RFA. Thirty-one patients (29 males; aged
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from 38 to 80 years) with 35 liver tumors underwent 35 RFA

procedures under CT guidance. Among them, four patients

had two liver tumors in the hepatic dome, respectively. Thirty-

four patients (29males; aged from 32 to 73 years) with 35 liver

tumors received 35 RFA procedures under combined US/CT

guidance. Among them, one patient had two liver tumors in

the hepatic dome. The mean tumor diameter was 2.3±0.6 cm

(median, 2.5 cm; range, 1.1–3.0 cm) in the CT-guided RFA

group, and 2.4±0.5 cm (median, 2.5 cm; range, 1.0–3.0 cm) in

the combined US/CT-guided RFA group. There was no sig-

nificant difference in the tumor diameter between the two

groups (P=0.671). The detailed baseline patient characteristics

in our study are presented in Table 1.

The procedure time between the two

groups and the efficacy in the combined

US/CT-guided RFA group
All the patients successfully underwent CT-guided or com-

bined US/CT-guided RFA after TACE treatment, and the

primary technical success rate of CT-guided or combined

US/CT-guided RFA procedure was 100%. One representative

case of combinedUS/CT-guided RFA in the treatment of HCC

in the hepatic dome is shown in Figure 1. The mean procedure

time of the CT-guided RFAwas significantly longer than that

of the combined US/CT-guided RFA (81±11 vs 52±6 mins,

P<0.001). The mean follow-up time in the combined US/CT-

guided RFA group was 34±16 months (range, 13–67 months).

During the follow-up, in the combined US/CT-guided RFA

Figure 1 A 66-year-old male patient who was diagnosed with moderately differentiated HCC according to the pathologic examination received combined US/CT-guided RFA after

TACE treatment. (A) ACT scan which was performed after TACE treatment showed the HCC lesion with intense lipiodol accumulation (arrow). (B) The HCC lesion (arrow) was

incompletely visible on US because of the obstruction of air in the lung. The electrode needle (arrowhead) was inserted into the site closest to the tumor under US guidance. (C) A

three-dimensional image of CT scan was used to observe the position of the probe (arrow: tumor; arrowhead: multiple electrode needle). (D) A contrast-enhanced CT scan, that

was performed seven months after the combined US/CT-guided RFA procedure, showed the ablated tumor (arrow) with intense lipiodol accumulation and no local recurrence.

Abbreviations: CT, computed tomography; US, ultrasound; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; HCC, hepatocellular carcinoma.

Table 1 The baseline patient characteristics

Characteristic CT-guided

RFA

(31 patients,

35 tumors)

Combined

US/CT-

guided RFA

(34 patients,

35 tumors)

P-value

Age (years)d 57.8±9.0 55.8±9.8 0.407a

Gender 0.502b

Male, n (%) 29 (93.5) 29 (85.3)

Female, n (%) 2 (6.5) 5 (14.7)

Etiology >0.99b

HBV, n (%) 27 (87.1) 30 (88.2)

Others, n (%) 4 (13) 4 (12)

Child-Pugh

classification

0.897b

A, n (%) 27 (87.1) 31 (91.2)

B, n (%) 4 (12.9) 3 (8.8)

Serum α-fetoprotein 0.716c

≥20 ng/mL, n (%) 24 (77.4) 25 (73.5)

<20 ng/mL, n (%) 7 (22.6) 9 (26.5)

Notes: Unless indicated, data is the number of patients, and numbers in parenth-

eses are percentages. aIndependent-samples t-test was used. bContinuity correction
x2 test was used. cPearson x2 test was used. dData are mean ± standard deviation.

Abbreviations: CT, computed tomography; US, ultrasound; RFA, radiofrequency

ablation; HBV, hepatitis B virus.
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group, three tumors were diagnosed as local tumor recurrence.

One patient died of liver failure, and one patient died of upper

gastrointestinal hemorrhage. The 1-, 3-, and 5-year local recur-

rence rates were 3% (1/35), 6% (2/35), 9% (3/35), respec-

tively, and the 1-, 3-, and 5-year overall survival rates were

100%, 97%, 94%, respectively.

Postoperative adverse reaction
A postoperative adverse reaction after the CT-guided RFA

included: 21 cases (68%) of low-grade of fever, 13 cases

(42%) of right upper quadrant pain, and 4 cases (13%) of

nausea and/or vomiting. The postoperative adverse reac-

tion after the combined US/CT-guided RFA included: 22

cases (65%) of low-grade of fever, 4 cases (12%) of right

upper quadrant pain, and 5 cases (15%) of nausea and/or

vomiting. The incidences of low-grade of fever, nausea,

and/or vomiting between the two groups were not signifi-

cantly different (P>0.99, P>0.99). However, the incidence

of right upper quadrant pain in the CT-guided RFA group

was greater than that of the combined US/CT-guided RFA

group (42% vs 12%, P=0.01). These symptoms after the

RFA procedure were easily controlled with symptomatic

therapies and usually subsided within one week.

Complications
There was no occurrence of a major complication or RFA-

related death in the two groups, and no minor complica-

tions occurred in the combined US/CT-guided RFA group.

However, a small pneumothorax occurred in two patients

(6.5%) in the CT-guided RFA group, and it was gradually

absorbed within one week without pleural drainage. There

were no significant differences in the overall complication

rates between the combined US/CT-guided RFA group and

the CT-guided RFA group (0% vs 6.5%, P=0.224).

Discussion
Percutaneous RFA has been widely used in clinical appli-

cations for the treatment of HCC.9–11 The majority of

percutaneous RFA procedures are performed under US or

CT guidance.1,2,12 US guidance allows real-time visualiza-

tion of the electrode needle during puncture and enables a

quick placement of the probe. Its disadvantages are a

limited capability to monitor thermal effects and visualize

tumor tissue resulting from air bubbles, which are pro-

duced by vaporization at the electrode tips during ablation.

CT provides better edge detection of RFA lesions, conspi-

cuity, and few artifacts in monitoring RFA compared with

US,13 and it is not affected by the air in the lung and

gastrointestinal tract.14 However, CT guidance also has

some disadvantages: it increases the exposure time of X-

ray radiation because repeated CT scans are needed to

observe the location of the probe, and the accuracy of

puncture is easily influenced by the patient’s respiratory

motion. Additionally, since CT guidance cannot offer the

visualization of the probe during the puncture, RFA under

CT guidance may cause serious complications when the

tumor is adjacent to major organs or vessels. In the present

study, combined US/CT guidance was used in percuta-

neous RFA for HCC in the hepatic dome. This combina-

tion-guided strategy not only offered real-time images that

could help to avoid the major organs or vessels during

puncture, but also could provide high accuracy positioning

of the electrode tips with the images of CT scan.

In combined US/CT-guided percutaneous RFA, the elec-

trode needle placement was quickly performed under US

guidance, and subsequently, CT guidance was used for precise

positioning of the electrode tips. CT-guided percutaneous RFA

required repeated adjustments of the puncture angle and path

because of the non-consistent respiratory movement after each

CT scan. Therefore, the CT-guided percutaneous RFA proce-

dure took more time than the combined US/CT-guided percu-

taneous RFA procedure. In our study, the mean procedure time

of the combined US/CT-guided RFAwas significantly shorter

than that of theCT-guidedRFA.Although previous studies15,16

reported that theUS-guidedRFAwith artificial pleural effusion

was a good approach for HCC in the hepatic dome, this

procedure was complicated and required a clinician with a

high degree of experience. However, the combined US/CT-

guided RFA for HCC in the hepatic dome did not require any

infusion of the artificial pleural effusion. Therefore, the com-

bined US/CT-guided RFA procedure was simple than the

procedures of CT-guided RFA and US-guided RFAwith arti-

ficial pleural effusion for HCC in the hepatic dome.

Furthermore, percutaneous RFA under combined US/CT gui-

dance reduced the number of CT scans and exposure time of

X-ray radiation in comparison with CT guidance alone.

In the present study, a satisfactory efficacy was

achieved in the combined US/CT-guided RFA group. The

local recurrence rates at 1, 3, and 5 years were 3%, 6%,

and 9%, respectively, and the overall survival rates at 1, 3,

and 5 years were 100%, 97%, and 94%, respectively.

Kagawa et al17 reported that the probabilities of overall

survival at 1, 3, and 5 years in the surgical resection for

early-stage HCC was 92.5%, 82.7%, and 76.9%, respec-

tively. Meanwhile, a recent retrospective multicenter

study18 reported that stereotactic body radiation therapy,
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as a salvage treatment, is also effective for inoperable

HCC, and the overall survival rates at 1 and 3 years

were 79.8% and 63.5%, respectively. These results demon-

strated that the combined US/CT-guided percutaneous

RFA was an ideal alternative treatment for unresectable

HCC in the hepatic dome.

In our study, the complication of pneumothorax

occurred in two patients in the CT-guided group. The

reason for the pneumothorax was that the accuracy of the

puncture path was influenced by the patients’ inconsistent

respiratory motion, and that the puncture path passed

through the lung. Fortunately, the pneumothorax in the

two patients was gradually absorbed within one week

without pleural drainage. Although previous studies6,19

reported that CT-guided transpulmonary RFA was useful

for HCC in the hepatic dome, the relatively high rate of

complications of pneumothorax requiring pleural drainage

was a major drawback for the CT-guided transpulmonary

RFA in the treatment of HCC in the hepatic dome.

Additionally, the indication for CT-guided transpulmonary

RFA was restricted to patients with lung emphysema.

Although the overall complication incidences between

the two groups were not statistically significant in our

study, there were no occurrences of RFA-related compli-

cations in the combined US/CT-guided RFA group. Thus,

percutaneous RFA under combined US/CT guidance for

HCC in the hepatic dome is safe.

An interesting finding in our study was that the inci-

dence of postoperative adverse reaction of right upper

quadrant pain in the CT-guided RFA group was signifi-

cantly greater than that of the combined US/CT-guided

RFA group. Although the exact reason is not clear, it

seems to be associated with the change of the guidance

strategy from CT guidance to combined US/CT guidance.

In addition, all patients received TACE treatment

before RFA in our study. There were several reasons for

this. First, the accumulated lipiodol in the tumor, which

was injected during TACE procedure, was a good marker

to label the tumor. In general, after TACE, HCC lesions

with hypo- or iso-echoic on the images of US changed to

hyper-echoic, and HCC lesions with low-density on the

images of CT changed to high-density, which significantly

increased the visibility of HCC lesions on the images of

US and CT. These can help to improve the accuracy and

safety of percutaneous RFA. Second, occlusion of arterial

flow by TACE may reduce heat-sink effects during RFA

procedure. Thus, the combination treatment of TACE with

RFA may achieve adequate ablation with wider necrotic

areas. Third, the inclusion of TACE makes the evaluation

of ablative margins easier, and enhances the control of

satellite lesions.20,21 Lastly, the combined therapy of

TACE with RFA is believed to provide better local tumor

progression-free survival rate than RFA alone in the treat-

ment of 2–3-cm sized HCCs.22

Our study had limitations. First, our study was retro-

spective, and the therapeutic options (combined US/CT-

guided RFA or CT-guided RFA) for HCC in our study

were individually determined on the basis of the prefer-

ence of the RFA operators, which likely led to selection

bias in our population. However, the bias was limited by

choosing similar baseline characteristics and tumors

between the two groups. Second, all patients enrolled in

this study were from our one institution. A large-scale

randomized controlled trial needs to be performed to vali-

date our results.

Conclusion
Combined US/CT guidance was helpful in percutaneous

RFA for HCC in the hepatic dome. This combination-

guided strategy could shorten the procedure time and

decrease the incidence of postoperative adverse reaction of

right upper quadrant pain in comparison with CT guidance

alone in percutaneous RFA for HCC in the hepatic dome.
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