
Introduction
Hepatocellular carcinoma (HCC) is a growing health problem
with increased incidence rates globally. The most frequent risk
factors are hepatitis C/hepatitis B virus (HCV/HCB) infections,
alcohol, and metabolic diseases [1]. According to a recent
standard of care, single HCC nodules with a diameter < 5 cm or
multifocal nodules (< 3) can be treated by resection or trans-
plantation [2], but in patients with a single HCC nodule who

are unfit for surgery due to portal hypertension, comorbidities
or previous surgery, a locoregional approach with radiofre-
quency ablation (RFA) can be chosen with good results. RFA is
based on the principle that high-frequency alternating current
is converted into thermal energy, producing a coagulative ne-
crosis useful in the treatment of different cancers [3]. In treat-
ment of HCC, the application of percutaneous RFA can be lim-
ited by presence of large interposing vessels, obesity or disad-
vantageous location of the lesions in the liver (subcapsular/left
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ABSTRACT

Background The percutaneous approach allows for effec-

tive and safe treatment of liver lesions. But in case of sub-

capsular or left segments location, this approach seems to

be less effective or unsafe. Endoscopic ultrasound-guided

radiofrequency ablation (EUS-RFA) is a new technique used

to treat pancreatic and neuroendocrine tumors in patients

unfit for surgery.

Methods Hereby, we describe the case of a 70-year-old

patient with cirrhosis with a large subcapsular hepatocellu-

lar carcinoma (HCC) in II-III-IVb segments, in which surgery

or percutaneous therapies were not feasible, treated with

EUS-RFA. The HCC was treated using an EUS-RFA (EUSRA)

system, which consists of a 19G water-cooled monopolar

RFA needle and a dedicated generator system.

Results After a multidisciplinary discussion, the lesion was

ablated in two different sessions, which resulted in destruc-

tion of about 70% of neoplastic tissue. A second step sur-

gery was required but initially refused by the patient.

Conclusions EUS-RFA could be an effective way to treat

left hepatic lesions not manageable with conventional per-

cutaneous methods. This case report does not highlight

concerns about safety of this approach and this observation

needs to be validated in a larger cohort of patients with cir-

rhosis.
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lobe/caudate segment) [4]. These latter limitations can be
overcome by a newly developed RFA needle to be used under
endoscopic ultrasound (EUS) guidance. EUS-RFA has been suc-
cessfully used to treat pancreatic neuroendocrine tumors [5].
Moreover, because the left liver lobes lie in strict contiguity
with the stomach, EUS-guided RFA (EUS-RFA) has been de-
scribed in one case report in which the lesion could not be ap-
proached percutaneously [6]. We describe the second case of
EUS-RFA of a liver lesion occupying the left liver lobes.

Case report
A 70-year-old male presented to our clinic with HCV-related liv-
er cirrhosis (Child-Pugh A6, MELD 9). A 30×45mm focal lesion
localized at II-III and IVb liver segment was detected with ab-
dominal ultrasound and confirmed to be highly suspicious for
an HCC with contrast-enhanced computed tomography (CT)
scan. Blood tests showed albumin 3.7mg/dL, bilirubin 0.9mg/
dL, international normalized ratio 1.29, platelets 81.000 /μL,
liver enzymes about two to three times the upper limit of nor-
mal (ULN), and serum HCV-RNA titer 1.314.860 UI/mL. Physical
exam showed mild peripheral edema, which was treated with
hyposodic diet and diuretics. At a multidisciplinary meeting,
the lesion was considered borderline for surgical resection,
which was refused by the patient. Percutaneous RFA and micro-
wave ablation (MWA) were not considered technically feasible
because of the subdiaphragmatic location of the nodule and
risk of a too large necrosis in the presence of initial signs of por-
tal hypertension, as demonstrated by the low platelet count
and splenomegaly on ultrasound exam. For all these reasons,
EUS-guided RFA therapy of the nodule was proposed to the pa-
tient, who accepted and signed informed consent.

EUS-RFA was performed 4 weeks later using deep sedation
with propofol and a therapeutic linear EUS endoscope (EG-
3870UTK; Pentax Germany). At the level of the distal part of
the stomach, under the lesser gastric curve, the entire left liv-
er lobe was visualized and the lesion detected, which appeared
as a 45×48mm hypoecogenic nodule with sharp borders
(▶Fig. 1) and typical HCC behavior at contrast-enhanced EUS
(CH-EUS) after intravenous injection of Sonovue (Bracco Inter-

national B.V., Amsterdam, Netherland). EUS-RFA was per-
formed us a 19G water-cooled monopolar RFA needle (EUSRA,
EUS-guided RFA electrode), 150 cm long with a 10-mm active
tip, and a generator system (VIVA combo) (TaeWoong Medi-
cal, Korea). The system features an internal cooling system
that circulates chilled saline solution through the needle elec-
trode during the RFA procedure to prevent charring of the sur-
face of the electrode and to improve the accuracy of ablation.
The lesion was punctured at different sites, and 30W ablation
power was delivered at each site under direct EUS control. The
tip of the needle was positioned in the distal periphery of the
lesion and moved proximally to ablate the whole lesion, in-
cluding a few millimeters of normal tissue surrounding the no-
dule. The ablation was stopped when the tissue impedance
measured in real time by the generator suddenly increased. In-
deed, an impedance rise, meaning reduced capacity of the tis-
sue to conduct electricity, is an indirect sign of cellular disrup-
tion, tissue charring, and hampering of electrical conduction.
Overall, 15 overlapping applications of RFA, each 10 to 15 sec-
onds in duration, were performed to cover the entire nodule
volume. Necrosis of the tissue was confirmed by the appear-
ance of echogenic bubbles in an area surrounding the needle
tip (▶Fig. 2, ▶Video 1). The completeness of treatment was
assessed with repeat CH-EUS, which was able to demonstrate
absence or persistence of residual vital tissue (▶Fig. 3).

After a recovery time of 1 hour, the patient was transferred
back to the ward, where his pain score and blood pressure were
measured every 3 hours and blood testing was done at 3, 12,
and 24 hours.

The patient tolerated the procedure well and had no symp-
toms or clinical decompensation. The Child Pugh score wors-
ened temporarily to B9 and he had mild fever (max 37.7 °C)
and an increase in C-reactive protein to four times the upper
limit of normal.

Two weeks later, antiviral therapy with sofosbuvir plus velpa-
tasir (400/100mg) was started and produced a prompt virolo-
gical response with serum HCV RNA suppression. A CT scan per-
formed 1 month later showed a reduction in lesion size of about
50% (▶Fig. 4). A repeat treatment was scheduled and per-
formed with the same technique in September 2019. The sec-
ond treatment was again well tolerated and a CT scan per-

▶ Fig. 1 EUS image of HCC.

▶ Fig. 2 HCC EUS-RFA with presence of typical steam bubbles.
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formed 1 month later showed a further reduction in the lesion
size, however, there was a vital neoplastic tissue remnant at
segment IVb of about 15×20mm diameter. With this decre-
ment in the lesion size, liver resection was a consideration and
the patient agreed and underwent an atypical left lobe liver re-
section without complications in January 2020.Histology re-
vealed the presence of HCC with a grade of differentiation G3
without vascular/lymphatic/neural invasion with a necrotic coa-
gulative area of about 70% as a result of the previous EUS-RFA
treatments. The surgical margins were free from neoplasia and
the final pathologic classification following the AJCC (American
Join Committee on Cancer) 8th Edition was T1b, N0. The patient
was discharged after an uneventful hospitalization 3 weeks la-
ter with full liver compensation. His HCV relapsed 30 days later
and a new antiviral treatment has been planned to start very
soon.

Discussion
We report the second case of EUS-RFA treatment of a 30×45
mm HCC lesion localized to the II-III and IVb liver segments. In
the first report by Attili et al., a 2-cm lesion of the III hepatic
segment was completely ablated without any adverse events
(AEs) [6]. In our case, the treatment was well tolerated and
only a transient mild liver decompensation occurred after both
RFA sessions, causing a transient change in Child Pugh score
from A6 to B9, which is an expected consequence of ablative
treatments that result in necrosis of pathological tissue in the
liver. The response to RFA treatment, due to the larger size of
the lesion and its location in the IV b segment, was incomplete,
but allowed the patient’s disease to be downstaged so that he
could undergo liver resection, which was otherwise considered
a risky procedure, and maintain good performance status
(Child A6 pre surgery). Moreover, the patient was able to get
access to antiviral therapy, which would not have been indica-
ted if the nodule was left untreated.

Novel procedures usually carry potential benefits and several
uncertainties. Several conditions may hinder the applicability of
percutaneous RFA, the first of which is obesity, which is very
prevalent in the United States and Europe. HCC nodules located

in the left lobe and in the caudate segment may be not easily
approachable percutaneously. Moreover, the subcapsular/sub-
diaphragmatic location may carry an intrinsic risk of thermal
damage, resulting in pleural effusion or hemothorax and a
higher risk of tumor seeding/tumor recurrence [7]. In such
cases, video-laparoscopic RFA may be an alternative to percuta-
neous treatment, but it is likely to be associated with a higher
rate of adverse events related to increased surgical risk in pa-
tients with cirrhosis, and to anatomical difficulties in patients
with portal hypertension or previous abdominal surgery [8]. In
our case, the EUS approach allowed us to perform RFA for a le-
sion that would have not been otherwise manageable in a con-
ventional way. A further benefit offered by the EUS approach
has been its capability to better identify the vascular structures
surrounding the nodule to reduce risk of thermal energy disper-
sion.

Besides documenting the technique’s advantages, our case
also raises questions about EUS-RFA. First, previous experience
with the VIVA generator system in the treatment of liver lesions
is very limited [6]. We decided to set the generator at a power
of 30W after testing the ablation capacity of the system on bo-
vine livers (unpublished data). Noteably, this setting has already
been used to treat pancreatic lesions (20–50W) [9].

A second critical issue regards the assessment of necrosis
while performing RFA. An indirect sign of the development of
necrosis in our case was represented by the appearance of
echogenic bubbles within the lesion. Because echogenic steam
occurs when the tissue temperature increases to more than
100 °C, development of bubbles involving the whole lesion and
its borders can be interpreted as achievement of the maximal
thermal effect on the tissue. The absence of vital tissue was
confirmed in our patient by performing CH-EUS with Sonovue.
However, we observed a significant discrepancy between the
presumptive complete necrosis of the lesion as assessed at
CH-EUS and the persistence of vital tissue at contrast-enhanced
CT scan performed 30 days later. Vilana et al. [10] reported that
CH-EUS performed more than 24 hours after treatment has
very low sensitivity (27.3%) for identifying vital neoplastic tis-

▶ Fig. 4 CT control after second EUS-RFA treatment showing a
20-mm periferal vital remnant at the IVb segment.

▶ Fig. 3 CH-EUS control after first RFA showing effective central
necrosis area as a result of the ablation.
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sue when compared to CT scan performed 1 month after the
procedure. This is probably due to the fact that steam bubbles
that develop during treatment may obscure part of the lesion,
making it very difficult to differentiate residual neoplastic tis-
sue from reactive hyperemia around the nodule. This effect is
likely to be more evident in cases of very large lesions and for
those located away from the EUS probe, such as in our case. In
general, contrast-enhanced EUS is per se less sensitive than
contrast-enhanced CT for assessing exact nodule extension.
Possible disagreement in enhancement patterns between so-
nography/EUS and CT/magnetic resonance imaging contrast
agents may explain such a discrepancy, but this aspect has to
be studied in the future to improve real-time assessment of ef-
ficacy of the RFA procedure after lesion ablation.

Conclusions
In conclusion, our case suggests that EUS-RFA could be an ef-
fective modality for treating hepatic lesions that are not other-
wise manageable with the percutaneous route with no early or
late AEs and no negative impact on subsequent surgery. Our
observations, however, need to be validated in larger series of
patients with cirrhosis who have lesions located in the left
EUS-approachable segments.
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Video 1 EUS HCC study exam and RFA procedure.
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