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Abstract

Objectives The objectives of this study were to determine the primary technique effectiveness (PTE), to compare the
complete response and local recurrence rates between conspicuous and inconspicuous tumors using single and switching
electrodes of real-time virtual sonography (RVS)-assisted radiofrequency ablation (RFA) in conspicuous and inconspicuous
hepatic tumors under conventional ultrasonography (US).

Subjects and method We compared the complete ablation of inconspicuous tumors with and without anatomical landmark
(N =54) with conspicuous liver tumors (N=272). Conventional US imaging was done initially, and then these images were
fused with CT or MRI arterial-venous-wash-out cross-sectional studies and synchronized with real-time US images.
Results RVS-assisted RFA was technically feasible in all patients. The PTE rate after the first ablation was 94% (245/261)
for conspicuous tumors, 88% (7/8) in inconspicuous tumors with landmark, and 78% (36/46) in inconspicuous tumors with-
out landmark. The complete response (p=0.1912 vs. p=0.4776) and local recurrence rate (p=0.1557 vs. p=0.7982) were
comparable in conspicuous tumors of both HCC and liver metastasis group when single or multiple switching was used.
The cumulative local recurrence in the conspicuous and inconspicuous tumors of the HCC group (p =0.9999) was almost
parallel after 12 (10% vs. 4%) and 24 (13% vs. 4%) months of follow-up. In the liver metastasis group, the cumulative local
recurrence for conspicuous tumors (p =0.9564) was nearly equal after 12 and 24 months of monitoring (24% vs. 27%) while
no recurrence was incurred for the inconspicuous tumors.

Conclusion RVS-assisted RFA is an effective tool for the treatment of conspicuous and inconspicuous HCC and hepatic
metastasis.

Keywords Real-time virtual sonography - Radiofrequency ablation - Hepatocellular carcinoma - Liver metastasis -
Inconspicuous tumor

Introduction

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver malignancy. The liver is also a frequent site for
metastatic tumor spread. Numerous studies focus on the
various therapeutic modalities for HCC treatment depend-
ing on tumor size and number, vascular invasion, presence
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of portal hypertension, comorbidities, and performance sta-
tus of patients [1-5]. Optimal individualized care requires
a multispecialty team. Radiofrequency ablation (RFA) is a
widely recognized and effective locoregional treatment for
primary HCC and liver metastasis. Its role for HCC can be
both palliative and curative. However, its use for liver metas-
tasis is for palliation [6] due to the advanced or unresectable
tumor stage. Its mechanism is to eradicate focal tumors by
coagulation necrosis [7].

It is a challenge for every interventional hepatologist or
radiologist to appropriately identify the liver lesions. How-
ever, there are some lesions that are indistinct by conven-
tional ultrasound, and the advent of real-time virtual sonog-
raphy (RVS) has augmented in the precise identification of
liver tumors during RFA making it efficient and safe. Most
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of the published studies use RVS to detect tumors and guide
RFA in the treatment of inconspicuous primary HCC [8-14].
Some studies also showed the usefulness of RVS in incon-
spicuous hepatic metastasis [6, 10, 13, 14].

This study used RVS in both conspicuous and incon-
spicuous primary HCC and metastatic hepatic tumors. The
primary objective of this study was to determine the pri-
mary technique effectiveness of RFA with RVS guidance
in conspicuous and inconspicuous (with or without peritu-
moral anatomical landmark) hepatic tumors. The secondary
objectives were to compare the complete response and local
recurrence rates between conspicuous and inconspicuous
tumors using single and multiple electrodes with switch,
and to assess the cumulative local recurrence in HCC and
liver metastasis groups.

Materials and methods

This is a retrospective study from January 2015 to Decem-
ber 2016 which included patients with liver tumors (HCC
or metastasis) who underwent first-time RFA. All tumors
were diagnosed using computed tomography or magnetic
resonance contrast imaging, cytology, and pathology. The
patient demographics and tumor characteristics were identi-
fied (Table 1).

Study design (Fig. 1)

A total of 962 patients underwent RVS-assisted RFA in
our liver unit from January 2015 to December 2016. Seven
hundred forty-three (743) patients were excluded due to
their previous treatments (739 patients with previous RFA,
TACE, PEI), CTP C (2 patients), and > 5 cm tumor sizes (2
patients). Thus, a total of 219 patients with 315 liver tumors
who underwent first-time RFA with the aid of RVS were
included from the database of four interventional hepatolo-
gists. Conventional ultrasound using convex probe was done,
and tumors were classified as conspicuous or inconspicuous

962 RVS guided RFA

R

219 patients

315 liver tumors

(HCC 272; liver metastasis 43)

261 Conspicuous

\ /

RVS assisted RFA

54 Inconspicuous (46 without landmark; 8 with landmark)

Fig. 1 Flow diagram

(Fig. 2). Based on the study of CH Lee et al. [15], a detect-
able lesion under conventional US was defined as a lesion
where the margin and echogenicity of the index tumor was
visible, whereas an undetectable lesion was one in which the
margin and echogenicity of the index tumor were not visible.
In the inconspicuous tumor group, we subgrouped patients
based on the presence or absence of peritumoral anatomical
landmark (Fig. 2). A fixed anatomical landmark with less
than 1 cm distance from index tumor was used since these
landmarks (vessels and bile duct) were contributory factors
in the identification of the tumors. A peritumoral anatomic
landmark was defined as any ultrasound-discernible struc-
ture near the index tumor such as focal hepatic lesions (cysts,
calcification, and previous ablation zone), bifurcation of the
hepatic or portal vein, or liver configuration [16]. CT or
MRI arterial-venous-wash-out cross-sectional studies were
synchronized with real-time US images [17, 18].

Table 1 Demographics of

. Variables HCC group Liver metastasis group p value
patients and tumors

Number of patients 196 23 -
Male 127 18 0.173
Female 69 5
Age (y.0.)
Mean+/—-SD 652+/-11.3 59+4/-15.6 0.008
Range 10-90 7-383
Tumor Size(cm)+/—SD(range) 2.18+/-0.8725 2.24+/-0.9595 0.6778
Complete response of tumor (CT or MRI) 249/272 (92%) 39/43 (91%) 0.1462

p value of < 0.10 was statistically significant
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Fig.2 The images above show the tumor visibility under ultrasound and under RVS. a Conspicuous S4 tumor with visible margin and echo-
genicity b Inconspicuous S8 tumor without visible margin ¢ Inconspicuous S8 tumor without visible margin, beside middle hepatic vein

RFA protocol

A 17-cm gauge radiofrequency electrode with 2—-3 cm active
tip and an internal cooling system attached to the radiofre-
quency generators were used. In some cases, multiple RF
electrodes with switch control were utilized. Either artificial
ascites or pleural effusion was done prior to RFA for tumors
in high-risk locations. After application of aseptic technique,
10 ml of 1% lidocaine was injected through the skin. The RF
electrodes were inserted percutaneously into the target tumor
under real-time US with RVS guidance. All RFAs were done
under conscious sedation with the use of Midazolam and
Fentanyl. The vital signs and oxygen saturation were moni-
tored during the procedure. Patients were discharged less
than 48 hours after post-RFA ultrasound evaluation.

Follow-up protocol

Contrast imaging with CT or MRI was done within 1 month
after RFA to assess complete ablation or residual viable
tumors in both HCC and metastasis group. A complete
response was confirmed by a dynamic CT showing a widely
low-density area with sufficient safety margin [9]. A tumor
was labeled as residual and viable if it was with peripheral
enhancement in the arterial phase [12]. Primary technique
effectiveness is defined as prospectively defined time point
at which complete ablation of macroscopic tumor, as evi-
denced by imaging follow-up [7]. In this study, we classified
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as primary technique effectiveness if first follow-up contrast
CT or MRI after RFA did not show any viable tumor and
with sufficient safety margin. Repeat RFA, booster PEI, and
TACE were options for viable tumors based on the discretion
of the attending physicians. For tumors that underwent sec-
ond and third RFA sessions, complete response to ablation
was also assessed by contrast imaging. Contrast CT or MRI
was then repeated every 3 months to assess local recurrence
in tumors with complete response after first ablation. Local
recurrence was defined as new tumor focus at the ablative
margin after local eradication of all tumor cells with abla-
tion [7].

Statistical analysis

All tumors were assessed for complete ablation after each
RFA session. Descriptive statistics were expressed as
mean +/— SD. Logistic regression analysis was used to
determine correlation of factors and outcome. The cumula-
tive LR was analyzed using a Kaplan—Meier model. Statisti-
cal analysis was conducted using SPSS version 20 software.
A p value <0.10 was considered statistically significant.
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Results

The study population included 196 patients in the primary
HCC group and 23 patients in the liver metastasis group.
The HCC group had older patients with a mean age of 65.2
(Table 1). There were a total of 315 liver tumors (272 Pri-
mary HCC, 43 liver metastasis) identified. The mean diam-
eter of the tumors was comparable at 2.18 cm +/—0.8725 in
the HCC group and 2.24 cm+/—0.9595 in the liver metasta-
sis group. Complete response to ablation after the first RFA
was comparable between the 2 tumor groups (p=0.1462)
(Table 1).

Most of the 185 patients in the HCC group had liver cir-
rhosis under CTP A while 11 patients were non-cirrhotic
(Fig. 3). The mean alpha-fetoprotein level in the HCC group
was 189.3 ng/ml +1824.14. The well-known risk factors
for liver disease identified were Hepatitis B, Hepatitis C,
Non-B Non-C (NASH, Primary Biliary Cirrhosis), and alco-
hol intake. Ten percent (10%) of the HCC patients had more
than one etiology (Fig. 4). Expectedly, half of the causes of
liver metastasis were from the gastrointestinal tract (Fig. 5).
All of these patients were safely treated with RFA (Table 2).

Conspicuous tumors had significantly larger size at
2.32 cm compared to inconspicuous tumors with a mean
diameter of 1.54 cm (p=0.000). Furthermore, the sen-
sitivity of tumor detection by B-mode US was 83% (261/
315), and with the use of RVS, the sensitivity increased to
100% (261 + 54/ 315), thus, identifying the inconspicuous
tumors. In the study of Okamoto [19] with 140 nodules in
59 patients, the sensitivity of conventional sonography was
50.71%, but with virtual CT sonography, the sensitivity
increased to 83.57%.

The primary technique effectiveness of RFA with RVS
guidance was higher in the conspicuous tumor group with a
complete ablation rate in a single session at 94% (245/261);
similarly, in the inconspicuous tumor group, it was at 80%
(43/54) (p=0.9993). In the inconspicuous tumor group with-
out landmark, it was at 78% (36/46), while in the 8 tumors

N =196

mCTP A 165 (84%)
= CTP B 20 (10%)
No cirrhosis 11 (5.5%)

Fig. 3 Distribution of Cirrhotic and Non-cirrhotic Patients

B HBV 82(42%)
= HCV 68 (35%)

Fig. 4 Etiologies of liver disease in HCC group

with landmark (vessels and bile duct), the complete ablation
rate was at 88% (7/8). However, the relevance of these land-
marks may not be statistically significant (p =0.549) due to
the small sample size (N=38) in the group (Table 2).

Table 3 shows that there were 261 conspicuous tumors
that underwent first session of RFA, and 94% (245/261)
achieved a complete response, while 6% (16/261) had a
non-complete response. There were 8 tumors that underwent
a 2nd RFA; however, only 75% (6/8) attained a complete
response. The remaining 7 tumors did not undergo further
RFA treatment, while 1 tumor was subjected to TACE.
There were 2 tumors that were completely ablated during
the 3rd RFA (100%).

Fifty-four inconspicuous tumors were divided into tumors
with (N=28) and without (N=46) an anatomical landmark
that underwent a first session of RFA. Seventy-eight percent
(36/46) of inconspicuous tumors without landmark achieved
a complete response, while 22% (10/46) had a non-complete
response. Six tumors (6) had a 2nd RFA and attained a com-
plete ablation (100%). Three tumors (3) were subjected to
TACE, while the remaining tumor (1) did not undergo fur-
ther treatment.

Eight inconspicuous tumors with landmark were treated
with first-time RFA, and 88% (7/8) had a complete response

23

= CRC 7 (30%)

® Cholangiocarcinoma 5 (22%)
Lung cancer 3 (13%)

m Breast cancer 2 (9%)

m Head and neck cancer 2 (9%)
Endometrial cancer 1 (4%)

= Gastric cancer 1 (4%)

mGIST 1 (4%)
Pancreatic NET 1 (4%)

Fig.5 Distribution of Primary Malignancy with Hepatic Metastasis
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Table 2 Primary Technique

: _ Conspicuous N=261 Inconspicuous N=54 p value
Effectiveness of RVS-assisted
RFA Size (cm) 2.32+/-0.8618 1.54+/-0.6826 0.000
mean+/—SD
Primary tech- 245 (94%) 43 (80%) 0.9993
nique effective-
ness

With landmark N=8 Without landmark N=46 0.549
7 (88%) 36 (78%)

p value of < 0.10 was statistically significant

Table 3 Complete response per RFA session while 12% (1/8) had a non-complete response. This tumor

REA session Complete response Non- was located near a bile duct and .subsequent.ly underwent a
complete second RFA however there was failure to achieve a complete
response response. No further RFA treatment was done.

Thus, RVS was a valuable tool in achieving a complete

Ist RFA N=315
o response during RFA (Table 3).

C i N=261 245 (94% 16 (6%

Inczzziizzzzslv— 54 O4%) %) A total of 224 HCC tumors and 37 metastatic hepatic
With landmark N=8 7 (88%) 1 (12%) tlllmi)rsdundéil\:/ent.tRhFAA us1nglet1ther single or ml}lll'tlplz
Without landmark N=46 36 (78%) 10 (22%) electrodes with switch. A complete response was achieve

nd RFA N=15 in 94% (191/204) of tumors in the HCC group that used a

o single electrode while 95% (19/20) in the switch type. The
C N=38§ 6 (75% 2 (25%

Inczizzzszﬁz (73%) (@5%) local recurrence rate was at 14% (27/191) and 16% (3/19),
With landmark N=1 0 1 (100%) resPectlrlel}zf, using thc;1 single and sw1tch e?lecl;rod.es. Ey com-
Without landmark N=6 6 (100%) 0 paring the 2 groups, they were not statistically significant (p

3rd RFA N=2 value > 0.1).

Conspicuous N=2 2(100%) 0 In the hv.e}rl n;letaSt?SI; gioup, 2100%131.(16/6) lllacé : ;o;&lg;e
Inconspicuous N=0 NA NA response with the switch electrode while only 94% ( )

in the single electrode. The local recurrence rate was at 50%

Table 4 Complete response and local recurrence rate in conspicuous tumors with use of single and multiple electrodes with switch

Electrode type HCC N=224 Liver metastasis N=37
Complete response p value LR rate p value Complete response p value LR rate p value
Single 191/204 (94%) 0.1912 27/191 (14%) 0.1557 29/31 (94%) 0.4776 7/29 (24%) 0.7982
Multiple electrode 19/20 (95%) 3/19 (16%) 6/6 (100%) 3/6 (50%)
with Switch

Table 5 Complete response and Local recurrence rate in inconspicuous tumors with use of single and multiple electrodes with switch

Electrode type HCC N=48 Liver Metastasis N=6
Landmark N=6 Without landmark N=42 Landmark N=2 Without landmark N=4
Complete Local recur- Complete Local recur- Complete Local Complete Local
response rence rate response rence Rate response recurrence response recurrence
rate rate
Single 6/6 (100%) 1/6 (17%) 31/40 (78%) 1/31 3%) 1/2 (50%) 0 3/4 (75%) 0
Multiple elec- None NA 2/2 (100%) 0 None NA None NA
trodes with
Switch
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Table 6 Complete response and Size Total N=272 Complete response p value Local recurrence rate p value
local recurrence rate by HCC
size <2cm 125 116/125 (93%) 0.8374 10/116 (9%) 0.1855
2-29cm 93 88/93 (95%) 13/88 (15%)
3-49cm 54 50/54 (93%) 9/50 (18%)

J < 12 months *>12months

B

Fig.6 Cumulative local recurrence in Conspicuous and Inconspicu-
ous HCC

(3/6) and 24% (7/29) for the switch and single electrodes,
respectively. The results were not statistically significant (p
value >0.1). (Table 4).

A total of 48 inconspicuous tumors in the HCC group
and 6 in the metastatic group were treated with RVS-guided
RFA using either single or multiple electrodes with switch.
In the HCC group, all (6/6) tumors with anatomical land-
mark had complete response with 17% (1/6) local recur-
rence rate. Multiple electrodes with switch were not used in
any of the tumors. Seventy-eight percent (31/40) of tumors
without landmark achieved a complete response, while all
(2/2) of the tumors treated with multiple electrodes had a
complete response. The local recurrence rate for tumors with
single electrode was at 3% (1/31), while there was none in
the tumors treated with multiple electrodes.

In the metastatic group, 50% (1/2) of tumors with ana-
tomical landmark and 75% (3/4) of tumors without land-
mark achieved a complete response when single electrode
was used. No local recurrence was noted, and no tumor in
this group was treated using multiple electrodes. Statistical
analysis was not done due to low sample size in the multiple
electrodes with switch (Table 5).

Table 6 indicates that RVS-assisted RFA resulted to a
high rate of complete response in small to intermediate size
tumors. The local recurrence rate showed an upward trend as
the tumor size increased however these results were not sta-
tistically significant. In spite of this, the use of RVS remains
a substantial tool in achieving complete ablation.

] | [

Iinconspicucus

Fig.7 Cumulative local recurrence in Conspicuous and Inconspicu-
ous Liver Metastasis

The cumulative LR for conspicuous HCC was 10%
(23/224) and 13% (23 +7/224) at less than 12 months and
more than 12 months, respectively. The cumulative LR in
inconspicuous HCC was 4% (2/48) in less than 12 months,
and there was no recurrence incurred after 12 months. The
median follow-up was 11 months in both groups. How-
ever, the results were not statistically significant (p 0.9999)
(Fig. 6).

The cumulative LR in conspicuous liver metastasis was
24% (9/37) and 27% (9+ 1/37) at less than 12 months and
after 12 months, respectively. There was no local recurrence
in the inconspicuous tumor group. The median follow-up
was 6 months. However, they were not statistically signifi-
cant (p 0.9564).

There were no immediate complications or side effects
documented in both patient groups.

Discussion

Conventional ultrasound of the liver is widely used for
numerous interventional procedures. However, ultrasound
has limitations in detecting some liver lesions. The results of
multivariate analysis by Okamoto 2010 suggested that nod-
ule size, echo pattern, and location are associated with dif-
ferences in detection. The use of RVS can guide in identifi-
cation of lesions when B-mode ultrasound cannot adequately
characterize these tumors. The benefits include an increased
diagnostic confidence, direct comparison of the lesions using
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different imaging modalities, more precise monitoring of
interventional procedures, reduced radiation exposure [21],
and increased chances of successful RFA [17]. Real-time
virtual sonography have some weakness regarding imaging
incompatibility which might be attributed to the fact that the
depth of breathholding on CT and US examination varies,
and also increases when the distance is greater between the
magnetic sensor and the magnetic generator [22].

Our study included 219 patients (see Table 1) with a
mean age of 65 years old in the HCC group. A total of 315
tumors were analyzed (see Fig. 1) as outlined by the inclu-
sion and exclusion criteria. They were classified as conspic-
uous or inconspicuous (see Fig. 2) based on the margin and
echogenicity. For inconspicuous tumors, the presence of an
anatomical landmark was used in its identification. The pres-
ence of liver cirrhosis was a risk factor for the development
of HCC as pointed out by the 185 cirrhotic patients who
developed HCC (see Fig. 3) wherein Hepatitis B infection
(42%) was the leading cause (see Fig. 4). On the other hand,
Fig. 5 describes Colorectal cancer (30%) as the etiology of
hepatic metastasis.

Wong reported [23] that complete ablation rate with-
out RVS guidance in HCC with distinct margin was 86.9%
(166/191) while 64.7% (11/17) in HCC with indistinct mar-
gin. Moreover, Lee [15] cited that the use of RVS in incon-
spicuous HCC achieved complete ablation rate of 87.5%
(7/8). The study of Song et al. [16] revealed that 31.7%
(26/82) of HCC not visible under image fusion were ablated
under the guidance of fusion imaging in which the technique
was based on peritumoral anatomic landmarks.

The utilization of landmarks was useful in the precise
identification and ablation of inconspicuous liver tumors
[16].

Moreover, the success rate of single ablation with US
and CT/MRI fusion imaging in inconspicuous tumors
(HCC, liver metastasis) was 83.8% [13] — 90.2% [14]. Vir-
tual CT sonography was expected to be useful in patients
with hepatic metastasis. The borders of metastatic nodules
in the liver frequently are not clear on B-mode sonography
due to the lack of a tumor capsule and because of cellular

infiltration of metastatic lesions [12]. Complete ablation can
be achieved in 90% of metastases with a diameter of <3 cm
[6]. In the present study, the complete ablation rate in
liver metastasis was 91% comparable to the HCC group
(p=0.1462) (see Table 1).

By comparison, this study showed an increase in the com-
plete response rate after first session of RVS-assisted RFA
in conspicuous tumor group at 94%. The complete response
rate of RVS-assisted RFA in inconspicuous tumor group
was 80% (78% without landmark and 88% with landmark)
comparable to the data of Xu and Mauri. The importance
of RVS in conspicuous tumors gives added information for
the accurate and safe electrode position and its relationship
to nearby vital structures. Combining both RVS and use of
anatomical landmark in inconspicuous tumors achieved a
higher ablation rate (88%). The positional relationship of
tumor to these landmarks is valuable for identifying lesions
in which conventional ultrasonography cannot detect (see
Tables 2 and 3).

In a study by Kitada [11], the local recurrence rate of the
RVS-guided RFA group with 24 obscure HCC was similar
to that of the conventional RFA group with 39 clear HCC
(8.3% vs 7.7%). A larger tumor size of (>2 or 3 cm) is a risk
factor for early local tumor recurrence. The local recurrence
rates of small HCCs after RFA were 1.3-12% at 1 year and
1.7-24% at 2 years [24]. The local recurrence rate tends to
be low in HCC patients who were proven to have adequate
ablation margin after RFA: namely, not only disappearance
of vascular enhancement of main tumor, but also an ade-
quate ablation margin [20].

The cumulative local recurrence rates in liver metastasis
were 30% at 6 months and 37% at 12 months [6].

Single and multiple electrodes with switch were used
in our patients. As shown in Table 4 for the conspicuous
tumor group, there was no difference in achieving complete
response to ablation and local recurrence rate. However,
there was no statistical analysis done in the inconspicuous
tumors using either electrodes due to small sample size (see
Table 5). Complete response and local recurrence rates in

Table 7 Logistic Regression on B

o S.E Wald df P value Exp(B)

Likelihood of Local Recurrence

for HCC Size (cm) 391 .183 4.564 1 033 1.479
Constant —2.880 485 35.240 1 .000 .051

Tabl.e 8 . Logistic regression B SE Wald Df p value Exp (B)

on likelihood of non-complete

response Constant —1.961 0.603 -3.252 1 0.001 14%
High-risk location -0.5222 0.4217 —1.238 1 0.21563 59%
Size -0.1757 0.2305 -0.762 1 0.44586 84%
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HCC with varied sizes were also statistically analyzed as
shown in Table 6 with comparable outcome.

In contrast, the cumulative LR in the conspicuous HCC
group was 10% and 13% at 1 and 2 years, respectively, while
cumulative local recurrence in the inconspicuous HCC group
was at 4% at 1 and 2 years, respectively. In the liver metasta-
sis group, the cumulative local recurrence in the conspicu-
ous tumor was 24% and 27% at 1 and 2 years, respectively,
while no local recurrence was seen in the inconspicuous
liver metastasis group. The results show a lower cumula-
tive LR as compared to aforementioned data which could be
attributed to the use of RVS (see Figs. 6 and 7).

Logistic regression analysis was done to determine the
likelihood for local recurrence in HCC. At 90% level of sig-
nificance, the size of the tumor was a significant predictor
of local recurrence. A one centimeter increase in the size of
the tumor can increase the likelihood of local recurrence by
47.9% (p=0.033) (see Table 7).

By comparison, the 27 tumors with non-complete
response during the first RFA showed that most of them
were located in high-risk areas (near vessels, subcapsular);
however, logistic regression analysis revealed that they were
not statistically significant (p =0.21563). This result empha-
sizes the use of RVS in achieving an increased ablation rate
even in high-risk areas both in conspicuous and inconspicu-
ous tumors of variable sizes (see Table 8).

Conclusion

Real-time virtual sonography achieved a comparable com-
plete ablation rate after the first session of RFA in the HCCA
group (92%) and metastatic tumor group (91%). The use of
RVS in conspicuous tumors resulted in a higher primary
technique effectiveness rate at 94% in contrast to other pub-
lished data. The relevance of RVS in the treatment of incon-
spicuous tumors was proportionate to the outcomes of other
studies at 80%. Combining RVS in tumors with anatomical
landmarks, it further enhanced the detection and ablation of
inconspicuous tumors (88%). However, a larger sample size
may be needed to validate this claim. Furthermore, RVS-
assisted RFA treatment of conspicuous and inconspicuous
tumors led to a lower cumulative local recurrence rate.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. European Association for the Study of the Liver-European Organi-
zation for Research and Treatment of Cancer Clinical Practice
Guidelines: Management of Hepatocellular Carcinoma, Journal
of Hepatology 2012; 56: 908-943.

2. Bruix J, Sherman M, Management of Hepatocellular Carcinoma:
An Update. AASLD Practice Guideline. HEPATOLOGY 2011;
53:3.

3. Lu S-N, et al., Management consensus guideline for hepatocellular
carcinoma: 2016 updated by the Taiwan Liver Cancer Associa-
tion and the Gastroenterological Society of Taiwan, Journal of the
Formosan Medical Association, 2018; 117(5):381-403. Doi: https
://doi.org/10.1016/j.jtma.2017.09.007.

4. Omata M, Lesmana LA, Tateishi R, Chen P-J, Lin S-M, Yoshida
H, Kudo M, Lee JM, Choi BI, Poon RTP, Shiina S, Cheng AL,
Jia J-D, Obi S, Han KH, Jafri W, Chow P, Lim SG, Chawla YK,
Budihusodo U, Gani RA, Lesmana CR, Putranto TA, Liaw YF,
Sarin SK. Asian Pacific Association for the Study of the Liver
consensus recommendations on hepatocellular carcinoma. Hepa-
tol Int (2010) 4:439-474.

5. Himoto T,Kurokohchi K, Watanabe S, Masaki T. Recent Advances
in Radiofrequency Ablation for the Management of Hepatocel-
lular Carcinoma. Hepat Mon.2012; 12(10 HCC):e5945.

6. SM Lin. Recent Advances in Radiofrequency Ablation in the
Treatment of Hepatocellular Carcinoma and Metastatic Liver
Cancers. Chang Gung Med J 2009; 32:1.

7. Ahmed M, Image-guided Tumor Ablation: Standardization of Ter-
minology and Reporting criteria — a 10 year update. Radiology
2014;273:1.

8. Hirooka M, Luchi H, Kumagi T, Shigematsu S, Hiraoka A, Uehara
T, Kurose K, Horiike N, Onji M. Virtual Sonographic Radiofre-
quency Ablation of Hepatocellular Carcinoma Visualized on CT
but Not on Conventional Sonography. AJR 2006; 186:S255-S260.

9. Kawasoe H, Eguchi Y, Mizuta T, Yasutake T , Ozaki I, Shimonishi
T, Miyazaki K, Tamai T, Kato A, Kudo S, Fujimoto K. Radi-
ofrequency ablation with Real-time Virtual Sonography system
for treating Hepatocellular carcinoma difficult to detect by ultra-
sonography. J. Clin. Biochem. Nutr. 2007; 40: 66-72.

10. Minami Y, Kudo M, Chung H, Inoue T, Takahashi S, Hatanaka
K, Ueda T, Hagiwara H, Kitai S, Ueshima K, Fukunaga T, Shi-
ozaki H. Percutaneous radiofrequency ablation of sonographi-
cally unidentifiable liver tumors. Feasibility and usefulness of a
novel guiding technique with an integrated system of computed
tomography and sonographic images. Oncology. 2007; 72 Suppl
1:111-6.

11. Kitada T, Murakami T, Kuzushita N, Minamitani K, Nakajo
K,Osuga K, Miyoshi E, Nakamra H, Kishino B, Tamura S,
Hayashi N. Effectiveness of real-time virtual sonography-guided
radiofrequency ablation treatment for patients with hepatocellular
carcinomas. Hepatol Res. 2008 ;38(6):565-71.

12. Minami Y, Chung H, Kudo M, Kitai S, Takahashi S, Inoue T,
Ueshima K, Shiozaki H. Radiofrequency Ablation of Hepatocel-
lular carcinoma: value of virtual CT sonography with magnetic
navigation. AJR 2008; 190: 335-341.

13. Xu ZF, Xie XY, Kuang M, Liu GJ, Chen LD, Zheng YL, Lu MD.
Percutaneous radiofrequency ablation of malignant liver tumors
with ultrasound and CT fusion imaging guidance. J Clin Ultra-
sound. 2014; 42(6):321-30.

14. Mauri G, Cova L, De Beni S, Ierace T, Tondolo T, Cerri A, Gold-
berg SN, Solbiati L. Real-time US-CT/MRI image fusion for

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jfma.2017.09.007
https://doi.org/10.1016/j.jfma.2017.09.007

2822

Abdominal Radiology (2021) 46:2814-2822

15.

16.

17.

18.

19.

guidance of thermal ablation of liver tumors undetectable with
US: results in 295 cases. Cardiovasc Intervent Radiol. 2015;
38(1):143-51.

Lee CH, Chen WT, Lin CC, Teng Wei, Lin SM, Chiu CT, Radi-
ofrequency ablation assisted by real-time virtual sonography for
hepatocellular carcinoma inconspicuous under sonography and
high-risk locations. Kaohsiung Journal of Medical Sciences 2015;
31:413-419.

Song KD, Lee MW, Rhim H, Cha DI, Chong Y, Lim HK. Fusion-
imaging guided Radiofrequency Ablation for Hepatocellular
carcinomas not visible on conventional ultrasound. AJR 2013;
201:1141-1147.

Toshikuni N, Tsutsumi M, Takuma Y, Arisawa T. Real-time
Image Fusion for Successful Percutaneous Radiofrequency
Ablation of Hepatocellular Carcinoma. J Ultrasound Med 2014;
33:2005-2010

Lee MW. Fusion imaging of real-time ultrasonography with CT
or MRI for hepatic intervention. Ultrasonography 2014; 33(4).
Okamoto E, Sato S, Sanchez-Siles A, Ishine J, Miyake T, Amano
Y, Kinoshita Y. Evaluation of Virtual CT Sonography for
Enhanced Detection of Small Hepatic Nodules: A Prospective
Pilot Study. AJR 2010; 194:1272-1278.

@ Springer

20.

21.

22.

23.

24.

Minami Y, Nishida N, Masatoshi Kudo M. Therapeutic response
assessment of RFA for HCC: Contrast-enhanced US, CT and
MRI. World J Gastroenterol 2014 April 21; 20(15): 4160-4166.
Sdndulescu L, Siftoiu A, Dumitrescu D, Ciurea T. The Role of
Real-time Contrast-Enhanced and Real-time Virtual Sonography
in the Assessment of Malignant liver lesions. J Gastrointestin
Liver Dis 2009; 18 (1): 103-108.

Minami Y, Kudo M. Contrast-enhanced harmonic ultrasound
imaging in ablation therapy for primary hepatocellular carcinoma.
World Journal of Radiology 2009; 1(1): 86-91.

Wong SN, Lin CJ, Lin CC, Chen WT, Cua IHY, Lin SM. Com-
bined Percutaneous Radiofrequency Ablation and Ethanol Injec-
tion for Hepatocellular Carcinoma in High-Risk Locations. AJR
2008; 190:187-195.

Lin SM. Local Ablation for Hepatocellular carcinoma in Taiwan.
Liver Cancer 2013; 2:73-83.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Real-time virtual sonography-assisted radiofrequency ablation in liver tumors with conspicuous or inconspicuous images or peritumoral landmarks under ultrasonography
	Abstract
	Objectives 
	Subjects and method 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design (Fig. 1)
	RFA protocol
	Follow-up protocol
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




