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Abstract: D
 estroying the hepatic tumor located close to the large vessels is a major limiting factor of radiofrequency ablation (RFA) that is difficult to overcome. A long-term disease-free survival after combined hepatectomy and radiofrequency ablation of a large hepatic tumor
adjacent to vena cava has not been previously published. We report a patient with a 23-cm large hepatocellular carcinoma occupying
the left lateral segments and a 6-cm contralateral intrahepatic metastasis in Couinaud segments VII-VIII adjacent to the retrohepatic
IVC, treated with a combination of resection of the larger tumor and intraoperative radiofrequency ablation of the paracaval tumor
under intermittent total vascular exclusion of the right hemiliver. After five years of follow up the patient is disease free. This case
demonstrates the importance of vascular control for eliminating the heat sink effect of caval blood flow during RFA of liver tumors
adjacent to inferior vena cava.
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1. Introduction

2. Case Report

Radiofrequency ablation (RFA) is widely used to
destroy unresectable liver tumors and its safety and
efficacy has been proven in numerous published series.
However several limiting factors of RFA are known and
the recent meta-analysis has identified multiple factors
that negatively influence the local control, among these
being: tumor size >3cm, proximity of major vessel and
intentional margin <1cm [1]. After a percutaneous RFA
in all cases of tumors adjacent to the vena cava a
residual tumor is observed [2]. We report a long-term
disease-free survival after a combined hepatectomy and
intraoperative RFA of the large hepatocellular carcinoma
(HCC) adjacent to the inferior vena cava (IVC).

A 59-year-old female patient was referred to our clinic
with bilobar hepatic tumors. The computed tomography
(CT) and magnetic resonance imaging (MRI) has
revealed a fatty liver with a 23-cm large hepatic
tumor occupying the left lateral segments, as well as
a 6-cm contralateral tumor in Couinaud segments
VII-VIII adjacent to the retrohepatic IVC and in close
proximity to the right hepatic vein (RHV) (Figure 1). Any
detectable extrahepatic disease has not been found and
the laboratory tests have been unremarkable. Based
on imaging studies the patient has been considered
to have a hepatocellular carcinoma with intrahepatic
metastasis and percutaneous needle biopsy has not
been performed to avoid spillage of tumor cells.
At laparotomy the larger tumor in segments II
and III has been found infiltrated the hepatogastric
ligament with no other extrahepatic engagement. The
intraoperative ultrasound confirmed contact with the
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Figure 1.

(A) A preoperative CT of the liver. Tumors in left lateral segments (white arrowhead) and segments VII-VIII (black arrow) are shown. (B)
A preoperative T1-weighted MRI. (C) A preoperative T2-weighted MRI. Note the relations of the tumor in segments VII-VIII (arrow) with
the right hepatic vein and vena cava (arrowheads).

IVC and close proximity (<5mm) of the RHV to the tumor
in segments VII-VIII. A severe steatosis of underlying
liver parenchyma precluded a major bilobar resection
because of the increased risk of postoperative liver
failure. A left lateral segmentectomy has been performed
to remove the tumor in segments II-III. The right liver
has been then fully mobilized. The tumor in segments
VII-VIII has been detached from the retrohepatic IVC as
it has not penetrated trough the liver capsule and the
right lobe has been turned to the left. An intraoperative
RFA has been performed with >1 cm intentional margin
creating overlapping ablations with the LeVeen®3.5
electrode (RadioTherapeutics, Sunnyvale, CA).
The RFA has been performed under US-guidance,
puncturing the tumor from dorsal side. During the RFA
we have performed an intermittent vascular exclusion of
the right liver applying at first a Pringle maneuver and
then compressing the terminal part of RHV between
the T-shaped US-transducer (from the diaphragmatic
side of the liver) and the thumb of the left hand (from
caval side). A 2 to 6 minutes of vascular exclusion has
been applied in each RFA cycle starting from the 5th
minute of the beginning of the ablation. The total right
liver vascular exclusion time has been 17 minutes. The
postoperative course has been uneventful. The histology
has revealed a moderately differentiated hepatocellular
carcinoma. The patient has been regularly followedup with an MRI of the liver (Figure 2), chest radiogram
and laboratory tests. Five years after the operation the
patient is disease-free.

3. Discussion
Radiofrequency ablation is currently a widespread
method for treatment of unresectable liver cancer.
Unfortunately, the long-term results of this treatment
modality have not been satisfying. A previously published
data from Raut et al. [3] demonstrates only 7% cancerfree survival at five years after RFA for unresectable small

HCC (median diameter 3.3cm). Discouraging results
from another recent study show the lack of a five year
disease-free survival after a combined hepatectomy and
RFA for multifocal HCC [4]. There is a narrow range of
alternatives to combine the liver resection with ablative
methods in cases of an unresectable bilobar HCC. It is
possible to use a transarterial chemoembolisation [5],
ethanol injection, microwave ablation or laser-induced
ablation. However, a recent systematic review shows
that compared with other ablative methods RFA can be
more effective, especially in terms of less recurrence
[6].
The RFA of a large hepatic tumor adjacent to
IVC is still a challenge. It has been noted that such a
tumor could not be completely ablated percutaneously
because of heat sink effect of caval flow [2]. In animal
experiments with RFA a rim of viable tissue has been
always observed around the large vessels >5mm [7].
Close to the paracaval portions of the liver except
the vena cava such vessels are the main portal vein
branches caudally and the major hepatic veins cranially.
Therefore, when the large tumor is adjacent to IVC it
is very likely for it to be a part of it in close proximity to
at least one of these vessels. To achieve a complete
destruction we have isolated the tumor from the IVC and
interrupted the inflow of the liver as well as the outflow
of the tumor bearing area, thus completely eliminating
the heat sink effect. The formal isolation and encircling
of the RHV has not been necessary in this case in order
to interrupt the venous backflow. The vascular exclusion
has been performed intermittently for short periods and
as known this is well tolerated even from cirrhotic livers
[8]. Another possibility is to perform intermittent total
vascular exclusion with caval clamping – a technique
that does not require a fluid overload and a special
anesthesiologycal support [9]. It can be applied when the
paracaval tumor abuts the main trunks or entrance of the
major hepatic veins to the IVC thus making compression
or isolation of the veins dangerous or impractical. In
such situation, after interrupting the blood flow even if
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Figure 2.

(A) A T2-weighted MRI of the liver - three months postoperatively. The ablation zone is larger than the original tumor. (B) A T2-weighted
MRI - five years postoperatively. Note the sharp delineation and shrinkage of the ablation zone with time.

the tumor is in contact with the vessels a preferential
perivascular heating will occur due to the effect of
attraction of the RF current to the vessel, because of the
higher electrical conductivity of the blood [10]. However,
the use of such a technique has not yet been reported,
and its safety and efficacy is not yet clear.
To conclude – the intraoperative RFA of a large HCC
adjacent to IVC has been successfully performed under
a total vascular exclusion of the tumor bearing area of the
liver during ablation, and is considered to be a safe and
beneficial surgical option. It can be applied to a situation

where the tumor contacting the IVC is considered
unresectable due to liver related factors (multifocal
disease, insufficient future liver remnant or functional
reserve) or poor general condition of the patient, and
the RFA has been planned as a treatment alternative.
Our case confirms the importance of vascular control for
eliminating the heat sink effect of blood flow during RFA
of liver tumors adjacent to inferior vena cava. In some
selected patients this approach can achieve a long-term
survival and even a cure.
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