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Evaluation of the safety and efficacy of ultrasound-guided percutaneous
radiofrequency ablation for hepatocellular carcinoma and liver metastases
adjacent to the gallbladder

Yuanfeng Menga,b, Binbin Jianga, Kun Yana, Song Wanga, Zhongyi Zhanga, Luzeng Chenb, Wei Wua and
Wei Yanga

aKey Laboratory of Carcinogenesis and Translational Research (Ministry of Education/Beijing) Department of Ultrasound, Peking University
Cancer Hospital & Institute, Beijing, China; bDepartment of Ultrasound, Peking University First Hospital, Beijing, China

ABSTRACT
Objective: To evaluate the safety and efficacy of ultrasound-guided percutaneous radiofrequency abla-
tion (RFA) in patients with hepatocellular carcinoma (HCC) and liver metastases adjacent to the gall-
bladder (GB).
Materials and methods: A total of 113 patients with 118 liver lesions (63 HCC lesions and 55 liver
metastases) adjacent to the gallbladder underwent RFA between March 2011 and June 2019.
Gallbladder-related complications and technique effectiveness rates were evaluated based on the clas-
sification of liver tumors and the distance between the lesion and the gallbladder.
Results: Gallbladder-related complications were observed in 13 patients. Among the patients with
HCC, there was no significant difference between the �0.5 cm and >0.5 cm groups (p¼ .282).
However, among the patients with liver metastases, the incidence of gallbladder-related complications
in the �0.5 cm group was significantly higher than that in the >0.5 cm group (p¼ .025). The overall
incidence of complications was significantly higher in the �0.5 cm group than in the >0.5 cm group
(p¼ .020). Among the patients with lesions �3 cm, the technical effectiveness rate in the HCC group
was significantly higher than in the liver metastasis group (p¼ .036).
Conclusion: RFA is a safe and effective treatment option for liver tumors adjacent to the gallbladder.
Patients with lesions �0.5 cm from the gallbladder had higher gallbladder-related complications, espe-
cially patients with liver metastases. Among patients with lesions �3 cm, RFA showed greater technical
effectiveness for treating HCC than for treating liver metastases.
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Introduction

Radiofrequency ablation (RFA) is a minimally invasive, safe,
and effective treatment for malignant liver tumors [1,2].
However, the high recurrence rate remains a significant
impediment to using RFA [3,4]. Difficult tumor locations that
do not provide safe ablation margins, including those adja-
cent to the diaphragm, vessels, or gallbladder, remain an
important factor in tumor recurrence [5,6]. Considering the
advances in ablation technology, several researchers [7–10]
confirm that ablation of liver lesions adjacent to the gallblad-
der is safe and effective treatment option owing to hydrodis-
section and real-time temperature monitoring.

RFA has been regarded as a curative treatment modality
for early-stage hepatocellular carcinoma [11,12] and is a com-
prehensive treatment method for metastatic liver cancer [13–
15]. However, the biological characteristics and behaviors of
hepatocellular carcinoma (HCC) and liver metastases are sig-
nificantly different. It has been reported [16–18] that 80–90%
of patients with HCC develop liver cirrhosis, but liver

metastases are usually found in non-cirrhotic livers. Different
liver conditions affect the ablation effect [19].

To our knowledge, few reports have compared the effects
of RFA for liver tumors adjacent to the gallbladder in the set-
ting of different liver disease conditions. Hence, this study
aimed to evaluate the safety and therapeutic efficacy of RFA
for HCC and liver metastases adjacent to the gallbladder.

Materials and methods

Patients

This study was performed in accordance with the principles
outlined in the Declaration of Helsinki. The institutional
review board of the hospital approved this study (2015KT27),
and the requirement for informed consent was waived owing
to its retrospective nature. Between March 2011 and June
2019, the medical records of 1543 patients (2156 lesions)
with HCC and liver metastases treated with ultrasound
guided RFA at our hospital were retrospectively analyzed.
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The diagnosis of HCC was made based on the needle biopsy
results or the noninvasive diagnostic criteria defined in the
Asia–Pacific clinical practice guidelines on managing hepato-
cellular carcinoma (2017 update) [20]. Liver metastases were
diagnosed based on clinical findings, enhanced computed
tomography (CT), and magnetic resonance imaging (MRI).

The eligibility criteria included patients with liver tumors
who were not suitable for surgical treatment or who did not
intend to undergo surgical treatment; tumor size �5 cm in
diameter; distance from the tumor to the gallbladder
�1.0 cm; conventional ultrasound or contrast-enhanced ultra-
sonography (CEUS) showing a liver tumor; Child-Pugh A or B
liver disease; and normal coagulation function.

In total, 123 patients with 128 lesions adjacent to the gall-
bladder who underwent ultrasound guided RFA were identi-
fied, and ten patients with ten lesions >5 cm were excluded.
A total of 113 patients (7.3%) with 118 lesions (5.5%) were
included in this study (Figure 1).

RFA procedure

In this study, the Valleylab system (Tyco Healthcare, North
Haven, CT), the Celon Lab Power ablation system (Olympus,
Germany), and the RITA Model 1500X ablation system
(AngioDynamics, Latham, NY) were used. Aloka ultrasound
systems (Alokaa-10, Tokyo, Japan) or GE systems (E9, GE,
United States) were used to scan the lesion and guide ther-
apy with 3.5–5.0MHz convex probes for RFA procedures.

Enhanced CT or MRI and CEUS of the abdomen, con-
ducted prior to RFA, were used as a reference for planned
treatments. All RFA procedures were conducted under real-
time US or CEUS guidance by four radiologists (CMH, YK,
WW, and YW) with >5 years of experience in US-guided
interventions. All patients were anesthetized with an intra-
venous injection of 2.5–5.0mg of midazolam (Roche; Basel,
Switzerland) and 50–100mg of fentanyl (Fentaini; Renfu,
Yichang, China). Local infiltration of anesthesia at the punc-
ture points was achieved with 5–15ml of 1% lidocaine
(Liduokayin; Yimin, Beijing, China). The patient’s vital signs,
including blood pressure, respiration, pulse, and

electrocardiogram, were continuously monitored during
treatment. A CEUS was performed after the RFA, and the
ablation size was determined.

Ablation margins of at least 5mm are generally necessary
to minimize local tumor progression [20–23]. However,
obtaining a sufficient safety margin surrounding the tumor
close to the gallbladder was difficult. Therefore, individual-
ized protocols have been developed [24,25]. When the dis-
tance between the ablation needle and the gallbladder was
within the radius of the expected ablation, the adjacent
structures were protected by separating them from the gall-
bladder wall using hydrodissection. Overlapping and modifi-
cation of the ablation zone during RFA ensure its adequacy.

Assessment of safety and therapeutic efficacy

The 118 lesions were divided into an HCC group (n¼ 63) and
a liver metastasis group (n¼ 55) according to the classifica-
tion of liver tumors. Each group was further subdivided into
a� 0.5 cm group and a> 0.5 cm group according to the dis-
tance between the lesion and the gallbladder. Complications
were observed between the groups. The main outcomes
were gallbladder-related complications after RFA, including
the presence of gallbladder wall thickening (�3mm) on
imaging [26], clinical evaluation for cholecystitis excluding
other diseases such as liver abscess and intestinal perfor-
ation, and improvement after restraint or conservative
treatment.

One month after the RFA, an enhanced CT/MRI was per-
formed to evaluate the effectiveness of RFA and minimal
ablation margins. Technical effectiveness [27] refers to the
tumor ablation completeness on the first enhanced CT or
MRI scan performed one month after RFA. The technical
effectiveness of each group was compared according to
tumor source (HCC and liver metastases) and tumor size
(maximum diameter �3 cm and >3 cm). The ablation mar-
gins were measured as previously described [21]. The pre-
ablation and 1-month post-ablation CT/MRI images were
reviewed side-by-side to measure the distance of the abla-
tion margin from the tumor edge according to the anatomic
landmarks, selecting the minimum of the multiple measures
of margin values as the minimal margin. The minimal mar-
gins of the lesions were assessed and categorized as �5 or
>5mm. Two experienced radiologists (ZZY and WS) with
more than five years of experience in abdominal imaging
evaluated the technical effectiveness.

Statistical analysis

Categorical variables are described as numbers and percen-
tages and were assessed using Fisher’s exact test or the v2
test. Continuous variables are summarized as mean± stan-
dard deviation and were assessed using an independent
sample t-test or the nonparametric Wilcoxon Mann-Whitney
test. Logistic regression analysis was used for the complica-
tion analysis. p-values less than .05 were considered statistic-
ally significant. Data analyses were performed using the SPSS
software version 21.0 for Windows (SPSS, Chicago, IL).

10 patients (10 tumors) 
>5cm were excluded 

113 patients (118 tumors) 

1543 patients (2156 liver tumors) who 
underwent US-guided RFA between March 

2011 and June 2019 

123 patients (128 tumors) 

Adjacent to the gallbladder

Liver metastases (n=55) HCC (n=63)

Figure 1. Flowchart shows patient selection. HCC: hepatocellular carcinoma;
RFA: radiofrequency ablation.
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Results

In total, 113 patients (80 males and 33 females) with a mean
age of 59.8 ± 11.0 years. The mean diameter of the tumor
was 2.6 ± 0.9 cm. Among them, 58 patients (63 lesions) had
HCC, and 55 patients (55 lesions) had liver metastases. In
patients with HCC, 38 lesions were pathologically diagnosed,
and 25 were diagnosed clinically. Among the patients with
liver metastases, 36 (65.5%) had primary colorectal cancer, 8
(14.5%) had lung cancer, 4 (7.3%) had breast cancer, 3 (5.5%)
had gastric cancer, 1 (1.8%) had duodenal cancer, 1 (1.8%)
had nasopharyngeal cancer, 1 (1.8%) had thymic cancer, and
1 (1.8%) had esophageal cancer. Among the 118 lesions ana-
lyzed, 51 (43.2%) required hydrodissection, including 28
(44.4%, 28/63) HCC and 23 (41.8%, 23/55) liver metastasis
lesions.

A comparison of the basic characteristics of HCC and liver
metastasis is shown in Table 1. The proportion of men in the
HCC group (82.8%) was significantly higher than that in the
liver metastasis group (58.2%, p¼ .004). Patients in the HCC
group had liver cirrhosis, and those in the liver metastases
group had no liver cirrhosis (p< .001). There were no signifi-
cant differences in other characteristics between the two
groups.

Assessment of safety

None of the patients experienced death due to RFA treat-
ment. Complications occurred in 17 patients (14.4%) within
24 h of treatment, and 13 patients experienced gallbladder-
related complications. All the patients showed improvement
after symptomatic and conservative treatment. None of the
patients in this group developed a gallbladder perforation or
died (Table 2).

There was no significant difference in gallbladder-related
complications between patients with HCC and those with
liver metastasis (7.9% vs. 14.5%, p¼ .253). In the �0.5 cm
group, the rate of gallbladder-related complications in the
HCC group was 11.1%, which was lower than the 25% in the

liver metastases group, but the difference was not statistic-
ally significant (p¼ .144). In the >0.5 cm group, no significant
difference was observed between the HCC and the liver
metastasis groups (3.7% vs. 3.7%, p¼ 1.000). Among patients
with HCC, there was no significant difference in the inci-
dence of gallbladder-related complications between the
�0.5-and >0.5 cm groups (11.1% vs. 3.7%, p¼ .282). Among
the patients with liver metastases, the incidence of gallblad-
der-related complications in the �0.5 cm group was signifi-
cantly higher than that in the >0.5 cm group (25.0% vs.
3.7%, p¼ .025) (Table 3). The overall incidence of complica-
tions in all patients with a distance of �0.5 cm between the
lesion and the gallbladder was significantly higher than that
in the patients with a distance of >0.5 cm between the
lesion and the gallbladder (17.2% vs. 3.7%, p¼ .020).

Among the patients in the �0.5 cm group, those who did
not undergo hydrodissection (8/28) had a higher incidence
of gallbladder-related complications than those who did
(3/36) (28.6% vs. 8.3%, p¼ .033). Among the patients in the
>0.5 cm group, there was no significant difference in the
incidence of gallbladder-related complications between those
who did not undergo hydrodissection (2/39, 5.1%) and those
who did (0/15, 0%) (p¼ .371).

Logistic regression showed that the Child-Pugh class (OR:
6.882, p¼ .041; 95% CI: 1.082–43.772), the distance between
the lesion and the gallbladder (OR: 7.449, p¼ .016; 95% CI:
1.464–37.910), and hydrodissection (OR: 4.741, p¼ .035; 95%
CI: 1.114–20.178) were associated with gallbladder-related
complications in all patients (Table 4).

Table 1. Characteristics of the patients with HCC and liver metastases.

HCC Liver metastases p

Patient characteristics n¼ 58 n¼ 55
Age (years) 60.2 ± 11.1 59.1 ± 11.3 .576
Sex (M/F) 48/10 32/23 .004
Child-Pugh class (A/B) 51 (87.9%) 55 (100%) .042
Cirrhosis 58 (100%) 0 (0%) .000
Tumor characteristics n¼ 63 n¼ 55
Tumor size (cm) 2.4 ± 0.9 2.7 ± 0.9 .597
Distance (�0.5 cm/>0.5 cm) 36/27 28/27 .498
Hydrodissection (with/without) 28/35 23/32 .774

Table 2. Gallbladder-related complications after RFA of HCC and liver metastases.

Group Patients Gallbladder-related complications

HCC 63 5
Pain in the right upper abdomen, n¼ 3
Pain in the right upper abdomen with thickening of the gallbladder wall, n¼ 1
Pain in the right upper abdomen with nausea, n¼ 1

Liver metastases 55 8
Pain in the right upper abdomen, n¼ 8

Table 3. Comparison of gallbladder-related complications after RFA between
HCC and liver metastases adjacent to the gallbladder.

Group Patients
Gallbladder-related

complications P

HCC 63 5 (7.9%) .253a

HCC � 0.5 cm 36 (57.1%) 4 (11.1%) .282b

HCC > 0.5 cm 27 (42.9%) 1 (3.7%)
Liver metastases 55 8 (14.5%)

Liver metastases � 0.5 cm 28 (50.9%) 7 (25%) .025c

Liver metastases > 0.5 cm 27 (49.1%) 1 (3.7%)
aComparison of HCC incidence and liver metastasis.
bComparing the incidence between HCC �0.5 cm and HCC 0.5–1 cm.
cComparing the incidence between liver metastases �0.5 cm and 0.5–1 cm.

Table 4. Logistic analysis of factors influencing gallbladder-related complica-
tions after RFA between HCC and liver metastases adjacent to the gallbladder.

Risk factors
Wald
test HR 95% CI p value

Child–Pugh class (A/B) 4.176 6.882 1.082–43.772 .041
Distance (�0.5 cm/>0.5 cm) 5.852 7.449 1.464–37.910 .016
Hydrodissection (with/without) 4.436 4.741 1.114–20.178 .035
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Assessment of technical effectiveness

One month after RFA, the technical effectiveness was eval-
uated using enhanced CT and MRI. Among the 113 patients
(118 lesions), three patients (three lesions) were lost to fol-
low-up. Among the 115 lesions evaluated, three were tumor
residues, and 112 were successfully ablated. The technical
effectiveness was 97.4% (112/115) (Figure 2). The three
lesions with tumor residues were all colorectal cancer liver
metastases.

There was no significant difference in technical effective-
ness between patients with HCC and those with metastatic
cancer (100% vs. 94.2%, p¼ .053). However, among the
patients with lesions �3 cm, the technical effectiveness in
the HCC group (100%, 48/48) was significantly higher than
that in the liver metastasis group (91.2%, 31/34) (p¼ .036).
The technical effectiveness in patients with HCC (n¼ 15) and
those with liver metastases (n¼ 18) in the >3 cm group was
100% (Table 5). In patients with HCC, the technical effective-
ness in both the �3 cm group (n¼ 48) and the >3 cm group
(n¼ 15) was 100%. In patients with liver metastases, there
was no significant difference in technical effectiveness
between the �3 cm group (n¼ 34) and the >3 cm group
(n¼ 18, p¼ .194).

Among all lesions that were analyzed, 73 (63.5%) had an
ablation margin �5mm, of which 95.9% achieved technical
effectiveness, and 42 (36.5%) had an ablation margin
>5mm, of which all (100%) achieved technical effectiveness;
there was no significant difference between the groups

(p¼ .298). Among the HCC lesions, those with an ablation
margin �5mm and those with >5mm ablation margins
achieved technical effectiveness (100% vs. 100%, p¼ 1.000).
Among patients with liver metastases, all patients with an
ablation margin �5mm had a lower technical effectiveness
rate than those with an ablation margin >5mm (88.5% vs.
100%), but the difference was not significant (p¼ .235).

Discussion

In this study, we found that percutaneous radiofrequency
ablation of HCC lesions and liver metastases adjacent to the
gallbladder was a safe and effective treatment option. A
more stable and safer ablation zone can be created in
patients with HCC than in those with liver metastases.

The distance between the lesion and the gallbladder is an
important factor affecting the risk of complications [28]. In

Figure 2. A 44-year-old female with HCC lesions in the S5 of the liver adjacent to the gallbladder underwent ultrasound-guided RFA.
A. The lesion in the S5 of the liver adjacent to the gallbladder, with a size of 2.6� 2.2 cm. B. The gallbladder fossa was filled with saline (white arrow) using the hydrodissection technique.
C. RFA (black arrow) with Celon double-needle for the HCC lesions near the gallbladder in the S5. D. 1 month after RFA S5 of the liver (black arrow), MRI showed no enhancement of the
ablation lesion. The lesion achieved technical effectiveness.

Table 5. Technical effectiveness of radiofrequency ablation for liver tumors
adjacent to the gallbladder.

Group Patients
Technical

effectiveness p

HCC 63 63 (100%) .053a

�3 cm 48 (76.2%) 48 (100%) .036b

>3 cm 15 (23.8%) 15 (100%)
Liver metastases 52 49 (94.2%)

�3 cm 34 (65.4%) 31 (91.3%)
>3 cm 18 (34.6%) 18 (100%)

aComparison of HCC with liver metastases.
bComparison of HCC with liver metastases in the �3 cm group.
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this study, we reached different conclusions regarding HCC
and metastatic lesions. Among the patients with liver meta-
stases, the incidence of complications in the �0.5 cm group
was significantly higher than in the >0.5 cm group. However,
among patients with HCC, there was no significant difference
between the �0.5-and >0.5 cm groups. We first considered
that these differences might be related to liver disease con-
ditions and function. In this study, multivariate analysis
showed that liver function classification was essential for
gallbladder-related complications (p¼ .041). All patients with
HCC had a history of cirrhosis, and seven (12.1%) patients
had grade B liver function, whereas none of the patients
with metastases had liver cirrhosis or grade A liver function.
A previous study [29] found that the cirrhotic tissue had the
‘oven effect’ in RFA treatment, which refers to the hypothesis
that the liver with fibrous cirrhosis plays a role in heat insula-
tion, and can concentrate the heat in the tumor tissue to
obtain a higher ablation temperature and a more uniform
ablation area. Liu et al. [30] showed that the lower thermal
conductivity of background tissues significantly increases the
temperatures within a defined ablation target. These findings
provide insights into the oven effect. Patients with HCC gen-
erally have a history of liver cirrhosis, which reduces the ther-
mal conductivity of the liver. The internal temperature of the
tumor increases, and heat is prevented from spreading out,
thereby reducing damage to the gallbladder wall. This may
also be related to tumor morphology or characteristics, as
several studies [22,31] have confirmed by biopsy that micro-
satellite lesions were found within 5mm of the lesion margin
in patients with metastatic cancer, which could not be
detected by imaging. Therefore, it is possible that metastases
spread to the gallbladder fossa more frequently than HCC
tumors. We will further explore the reasons for this finding in
a subsequent study.

Hydrodissection was associated with gallbladder-related
complications in all patients. When the distance between the
tumor and gallbladder was �0.5 cm, the patients without
hydrodissection had a higher incidence of gallbladder-related
complications than those with hydrodissection. This shows
that hydrodissection reduces gallbladder-related complica-
tions and protects the gallbladder wall, consistent with previ-
ous studies [8,10,32]. The main reason is that water injection
into the gallbladder bed separates the gallbladder wall from
the lesion and reduces the risk of thermal damage to the
gallbladder wall, particularly in patients with lesions less than
0.5 cm from the gallbladder.

The technical effectiveness reported in this study was
97.4%, which is similar to that reported in previous studies
[33]. All three residual lesions were observed in the patients
with liver metastases. In addition, the technical effectiveness
of RFA for treating HCC was better than that of RFA for treat-
ing liver metastases (p¼ .053). Although there was no statis-
tically significant difference between the two groups, the
p-value was close to .05. We hypothesize that the expansion
of the sample size may lead to significant differences
between the two groups for the following reasons: first, liver
metastases occur in non-cirrhotic tissue, which does not
accumulate more energy to form a ‘hot-furnace’ effect;

second, colorectal liver metastases may have worse bio-
logical behavior than HCC [34]. Therefore, in clinical practice,
using more energy or a longer ablation time for liver meta-
stases is necessary.

Creating sufficient ablation margins is essential for ther-
mal ablation and remains the most important technical fac-
tor for the ablation effect [22,23]. In this study, the ablation
margin was not a significant factor affecting technical effect-
iveness, which may be related to the fact that high technical
effectiveness was achieved both with ablation margin
>5mm and �5mm groups (p¼ .192). The relationship
between ablation margin, recurrence, and survival will be fur-
ther investigated during long-term follow-up.

Previous studies [35–37] have shown that lesion size is an
important factor affecting prognosis; however, the two
groups with lesions >3 cm and �3 cm achieved similar short-
term ablation outcomes, consistent with the outcomes
reported in previous reports [38,39]. This may be due to the
application of multipoint, multiple, and overlapping ablation
strategies for larger tumors [40]. Subgroup analysis showed
that among patients with lesions �3 cm, the technical effect-
iveness among patients with HCC was higher than that
among those with liver metastases, possibly because a his-
tory of liver cirrhosis affected the ablation effect.

In this study, 65.5% of patients with liver metastases had
primary colorectal cancer, and 35.5% of patients had other
cancers, including one with thymic cancer and one with
esophageal cancer. At present, there are fewer studies on
radiofrequency ablation for the treatment of tumors with
liver metastases than for colorectal cancer, despite RFA hav-
ing a shorter recovery period and preserving more of the
organ parenchyma; therefore, it is important to expand treat-
ment options for patients with cancers that may not be suit-
able for resection. It has also been used to treat metastatic
cancer [1]. In the current study, researchers also confirmed
that RFA could improve the survival rate of patients with
metastatic cancer [41–44].

This study has some notable limitations. First, it was based
on short-term follow-up results and did not include an ana-
lysis of factors that might affect long-term outcomes, such as
chemotherapy regimens. Second, the sample size was rela-
tively small; therefore, further studies with larger sample
sizes are needed to confirm the results. Third, histological
specimens could not be obtained to confirm gallbladder wall
damage because patients showed improvement or healed
after observation or conservative treatment.

In conclusion, percutaneous radiofrequency ablation for
HCC lesions and liver metastases adjacent to the gallbladder is
a safe and effective treatment option. Patients with a distance
of �0.5 cm between the lesion and gallbladder had higher
gallbladder-related complications than patients with a distance
of >0.5 cm, especially those with liver metastases. Among
patients with lesions �3 cm, RFA showed greater technical
effectiveness in treating HCC than in treating liver metastases.
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