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REVIEWS
Radiofrequency ablation of liver tumors (II):

clinical application and outcomes
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Summary. Radiofrequency ablation is one of the alternatives in the management of liver
tumors, especially in patients who are not candidates for surgery. The aim of this article is to
review applicability of radiofrequency ablation achieving complete tumor destruction, utility of
imaging techniques for patients� follow-up, indications for local ablative procedures, procedure-
associated morbidity and mortality, and long-term results in patients with different tumors. The
success of local thermal ablation consists in creating adequate volumes of tissue destruction
with adequate �clear margin,� depending on improved delivery of radiofrequency energy and
modulated tissue biophysiology. Different volumes of coagulation necrosis are achieved applying
different types of electrodes, pulsing energy sources, utilizing sophisticated ablation schemes.
Some additional methods are used to increase the overall deposition of energy through alterations
in tissue electrical conductivity, to improve heat retention within the tissue, and to modulate
tolerance of tumor tissue to hyperthermia. Contrast-enhanced computed tomography, magnetic
resonance imaging, ultrasound or positron emission tomography are applied to control the
effectiveness of radiofrequency ablation. The long-term results of radiofrequency ablation are
controversial.

Correspondence to T. Vanagas, Department of Surgery, Kaunas
University of Medicine, Eiveni  2, 50009 Kaunas, Lithuania
E-mail: tvanagas@gmail.com

Adresas susira�in ti: T. Vanagas, KMU Chirurgijos klinika,
Eiveni  2, 50009 Kaunas
El. pa�tas: tvanagas@gmail.com

Open surgery is the gold standard for the treatment
of hepatocellular carcinoma (HCC) and liver meta-
stases of colorectal cancer (1). However, the great
majority of patients with liver tumors present with
unresectable disease. Radiofrequency ablation (RFA)
is one of the options for the treatment of otherwise
unresectable hepatic tumors (2). Outcome following
RFA is difficult to interpret since most studies report
recurrence per lesion rather than per patient and
outcomes in patients with mixed tumor types using
different techniques (3). Although the optimal use of
radiofrequency ablation remains to be determined, the
importance of fundamental understanding of the basic
mechanisms, practical strategies, and current tech-
nologic limitations cannot be overstressed. Thorough
understanding of the underlying processes is essential
to achieve successful ablation in clinical practice (4).
The aim of this article is to review methods to achieve
complete tumor area destruction, imaging techniques
for patients� follow-up, indications for ablative pro-
cedures, procedure-associated morbidity and morta-
lity, and survival rates.

The success of local thermal ablation consists in
creating adequate volumes of tissue destruction. The

main aim of thermal tumor ablation therapy is to
destroy the entire tumor mass without damaging ad-
jacent vital structures. An essential objective is to
achieve and maintain cytotoxic (50�100°C) tem-
perature throughout the entire target volume for at
least 4�6 minutes (5). However, the relatively slow
thermal conduction from the electrode surface through
the tissues increases the duration of application to
10�30 minutes. An additional margin of 0.5�1 cm
(�surgical margin�) of apparently normal tissue
adjacent to the tumor should preferentially be ablated
to eliminate microscopic foci of disease. It may be
achieved improving the delivery of RF energy, modu-
lating tissue biophysiology, and using a combined
therapy. Historically, the first RFA electrodes were
monopolar and enabled induction of areas of coa-
gulative necrosis as large as 1.6 cm in diameter (6).
With the enlargement of the active electrode, the coa-
gulation zone appeared to be sausage-shaped and did
not approximate with the spherical geometry of the
majority of tumors. Several technologies were deve-
loped in attempt to improve the tissue energy in-
teractions targeting to increase the area of induced
coagulation. The development of umbrella electrodes
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with multiple hooked arrays, or tines, enabled the
creation of larger zones of coagulation. Hooked
electrodes enabled to achieve tissue coagulation up
to 3�5 cm in diameter. Bipolar systems were noted to
induce the coagulation zone as large as 3.5 cm in
diameter (7). Introduction of internally cooled elec-
trodes increased coagulation area when compared
with conventional RF electrodes. In the proximity of
internally cooled electrode, tissue hyperthermia is
reduced, allowing for the improved current deposition
without tissue carbonization or increase in impedance.
In clinical practice with liver metastases, Solbiati et
al. (8) noted a coagulation diameter of 2.8±0.4 cm.
Larger volume of coagulation necrosis is achieved
by simultaneous application of RF current to a cluster
of three closely spaced (0.5�1 cm) internally cooled
electrodes (9). Pulsing energy, combining high- and
low-energy deposition periods, was also used with
RF generators. Preferential tissue cooling occurs ad-
jacent to the electrode during periods of low-energy
deposition without a significant decrease of tempera-
ture in more distant tissues. An automated algorithm
for pulsed, high-power percutaneous RF ablation
optimized by Goldberg et al. produced 3.7 cm of
necrosis in the liver in vivo and 6.5 cm in muscle in
vivo (10).

The ability to create hyperthermia in large tissue
volumes in different environments depends on several
factors encompassing both heat delivery and local
physiologic tissue characteristics. The relationships
between these above-mentioned parameters were
described by Pennes as the bio-heat equation (11).
This equation was further simplified by Goldberg et
al. (12). It describes relationship, guiding thermal
ablation-induced coagulation necrosis, as follows:

Coagulation necrosis = energy deposited ×
× local tissue interactions � heat loss.

Therefore, effective ablation can be achieved by
optimizing heat production and minimizing heat loss
within the area to be ablated. Taking this equation
into account, the efficacy of RF ablation was opti-
mized modulating tissue-energy interactions, such as
energy deposition and blood flow. Attempting to
improve tumor ablation, some adjuvant ablative the-
rapies were created modifying the underlying tumor
physiologic characteristics. Based on the bio-heat
equation, these adjuvant therapies were classified as
(a) strategies to increase the overall deposition of ener-
gy through alterations in tissue electrical conductivity,
(b) strategies to improve heat retention within the
tissue, and (c) strategies to modulate tolerance of

tumor tissue to hyperthermia (12). The power de-
position is highly dependent on local electrical con-
ductivity. Increase in ablative effect is achieved using
saline solutions to alter physiologic characteristics
and biologic environment of the liver tissue and to
improve the tissue electric conductivity (13). Gold-
berg et al. obtained the maximum hyperthermia 20 mm
from the electrode (102.9±4.3°C) and an increased
coagulation area (7.1±1.1 cm) with injection of 6 mL
of 38.5% NaCl solution prior to RF deposition (14).
Schmidt et al. reported that the size of the induced
lesion correlates well with the injected volume of
saline, increased power delivery, and duration of the
procedure. The most homogeneous and spherical
lesions were observed when power settings of 40 to
60 W and saline solution flow rate of 90 to 120 mL/h
were used with the maximum energy deposition of
120�190 kJ (15, 16). Miao et al. (17) infused 1 mL/min
of 5% hypertonic saline solution in ex vivo liver for
12 min during RF application and achieved coagu-
lation volume measuring 5.5 cm in diameter. Signi-
ficantly larger necrosis zones were produced increas-
ing the saline perfusion rate � doubling of the perfu-
sion rate makes it possible to reach high temperatures
(>60°C) within significantly shorter time. Increased
concentration of NaCl solution, however, does not
translate directly to significantly larger coagulation
volumes (18). The advantages of both internally cool-
ed and saline-enhanced electrodes were used creating
the cooled-wet electrode. It contains two coaxial lu-
mina that enable the circulation of cooling water
through the electrode and a separate channel for
interstitial saline infusion. Ablation volume achieved
with this device appeared to be larger than that re-
ported up to now with other monopolar electrodes
(19).

The heat retention may be improved by modifying
hepatic blood flow. The blood flow reduces the extent
of thermally induced coagulation, as the perfusion-
mediated �heat-sink� phenomenon prevents achieve-
ment of the cytotoxic temperature (50�55°C). Coa-
gulation in vivo is often shaped by vasculature in the
vicinity of the ablation region. Specifically, Hansen
et al. (20) have shown that vessels larger than 3 mm
in diameter prevent complete ablation of liver tissue.
Furthermore, experiments in which hepatic perfusion
is altered by pharmacological or mechanical tools
show that blood flow is essentially responsible for
the reduction of coagulation volume. There were
several strategies proposed to reduce blood flow
during ablative procedures. Total portal inflow
occlusion (Pringle maneuver) may be used at open
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and laparoscopic procedures and may be safely
applied to a noncirrhotic liver for up to 1 hour. Some
reports have shown the enlarged extent of radio-
frequency coagulation with Pringle maneuver vs. no
inflow occlusion (21). Angiographic balloon occlu-
sion has been proposed to occlude inflow via the
hepatic artery. Due to the dual hepatic blood supply,
isolated hepatic arterial inflow occlusion seems
inadequate though. Embolization of sinusoids with
an absorbable gelatin sponge or Lipiodol may over-
come this limitation (22). Pharmacologic modulation
of blood flow, antiangiogenesis therapy were dis-
cussed; however, they should be currently considered
experimental (23). Goldberg et al. have combined
ethanol injection into the tumor site prior to RF abla-
tion achieving almost 60% enlargement of coagulation
diameter (24).

Increased tumor destruction has been observed
combining RF ablation with systemic or local che-
motherapy. Combination of intratumoral injection of
free doxorubicin with RFA has been shown to be su-
perior to RF ablation alone or doxorubicin alone. Even
better results have been obtained by administering
intravenously liposomal doxorubicin 24 hours prior
to ablation procedure (25). The possible synergistic
effect of these two therapies includes increased agent
deposition secondary to vascular permeability chan-
ges in viable tumor tissue exposed to sublethal thermal
doses and separate cytotoxic activity of both agent
components (i.e. lipid vehicle and chemotherapy
agent).

The important difference between surgical re-
section and RF ablation of hepatic tumors is the
possibility to achieve documented free resection mar-
gins, i.e. to complete the R0 resection. There is a
general agreement that R0 resection is mandatory to
achieve long-term and disease-free survival. Majority
of authors suggest the extent of free resection margin
to be not less than 1 cm (26, 27). With RF ablation, it
is not always possible to adhere to these principles
though. Consequently, this failure results in an unac-
ceptably high rate of local tumor recurrence. Taking
into account the local format of RF lesion, 360° 1-cm-
thick tumor-free margins should be achieved around
the whole tumor site, translating into increased dia-
meter of the ablated zone by 2 cm (28). Regular RF
devices produce thermal injury that hardly exceeds
3�3.5 cm in diameter, indicating that only 1�1.5-cm
tumors are available for destruction with a single RF
application. Three different ablation strategies have
been proposed to enhance ablation volumes. Six-
(Fig.) and fourteen-ablation schemes are six or

fourteen perfectly placed 3-cm-diameter ablation
zones that yield composite spheres of 3.75 cm and
5 cm in diameter (i.e. complete destruction of
1.75-cm- or 3-cm-diameter tumors).

Unfortunately, 14-ablation scheme is inoperable
in a clinical setting. A feasible alternative is to create
thermal cylinders, where hyperthermic spheres are
overlapping to create a cylinder, and cylinders are
overlapping to totally ablate the target volume. This
model is geometrically less efficient when compared
with the 14-ablation scheme; yet, it might be imple-
mented with success (4, 28).

Accurate imaging techniques are needed to achieve
complete tumor destruction and to institute competent
patients� follow-up. As microcirculation is an excel-
lent marker of tissue viability, imaging techniques
targeted to identify microcirculation may be of ser-
vice. Contrast-enhanced computed tomography (CT),
magnetic resonance imaging (MRI), or ultrasound
(US) are generally applied (29). Multiphase helical
CT plays a central role in the assessment of thera-
peutic response allowing confident discrimination
between nonviable and viable (residual) tumor tissue.
Coagulation necrosis appears as a homogeneously
hypoattenuating area with well-defined borders. Lack
of enhancement throughout the entire lesion volume
is considered the hallmark of a complete response.
The hypointense regions with loss of gadolinium
enhancement in dynamic postcontrast MRI studies
are considered characteristic markers of coagulation
necrosis, whereas viable tumor tissue appears as areas

Fig. A six-ablation scheme. Six perfectly placed ablations
(four along the x-y plane, two along the z plane) will yield a

composite thermal sphere (After Gerald D. Dodd III)
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with the same signal intensity as on pretreatment T2-
weighted spin-echo images (4). Heat-sensitive se-
quences of MRI are helpful assessing real time coa-
gulation volume during energy application procedure.
The microbubble contrast-enhanced wideband har-
monic gray-scale US has been reported to reveal blood
flow in residual tumors with an accuracy comparable
to that of helical CT (30). Employment of contrast-
enhanced US during the RF ablation session allows
for detection of viable tissue and complementary
targeted ablation therapies. Experimental and clinical
data suggest high congruence of data acquired with
contrast enhanced US, CT, and MRI, with the
difference confined to 2�3 mm, i.e. the current degree
of image resolution (31). As per protocol, CT and/or
MR should be performed 1�2 weeks before RFA to
compare with the postablation images done within 1
week after. The latter allows for detection of residual
tumor tissue requiring immediate re-ablation (4). At
CT evaluation within the first few days postablation,
a hyperattenuating rim around the destruction site is
often visible on CT scan, reflecting postinterventional
hyperemia or tissue regeneration (32). The local
hyperemia is determined by temporary outflow
obstruction. Tissue regeneration in the periphery of
the ablated zone results in a persistently increased
contrast uptake for a longer period of time (12). This
halo of contrast enhancement on CT scan regresses
during the first month after ablation procedure, whe-
reas it can persist for several months on MR images.
Hepatocellular carcinomas and metastases from neu-
roendocrine tumors in the liver present an early con-
trast enhancement rim in the arterial phase of in-
vestigation (33). In these cases, the differentiation of
arterial hyperemia from residual tumor will be trou-
blesome. Some authors, therefore, recommend wait-
ing to perform follow-up procedures after 6�12 weeks
to avoid this physiologic contrast enhancement (34).
On the other hand, hepatic metastases from the
gastrointestinal tract are imaged as hypodense (CT),
hypointense (MR), or hypoechoic (US) lesions sur-
rounded by contrast-enhanced liver tissue. Conse-
quently, this hyperattenuating rim does not compro-
mise image assessment and is not mistaken for
residual tumor. The functional imaging with fluorine-
18-labeled deoxyglucose at positron emission tomo-
graphy (18 F-FDG PET) has been shown to be ad-
vantageous detecting residual tumor after RF ablation
(32). Based on the homogeneous glucose utilization
in normal liver parenchyma, residual tumor becomes
detectable as a hot spot or rim-like increase in glucose
metabolism in the periphery of the ablative site. The
additional CT component of combined PET/CT en-

sures the accurate localization of the residual tumor
site. Thus, even on 18 F-FDG PET, the differentiation
of local tissue regeneration from residual tumor may
be difficult since both go along with increased glucose
metabolism. Tissue regeneration typically requires
several days to develop; therefore, 18 F-FDG PET
performed immediately after the ablation procedure
may be expected to specifically reveal residual tumor.

The indications for RFA are well described in the
literature. RFA is indicated for the patients with un-
resectable tumors � multifocal disease, poor liver
function, proximity of the tumor to major intrahepatic
vessels leading to margin-positive resection. RFA is
also indicated for large tumors. Multiple procedures
with overlapping hyperthermic zones may produce
satisfactory results. Patients with tumors in compli-
cated anatomical location, including subcapsular,
perivascular tumors and those located in the hilum of
the liver, are also candidates for RFA. In resent years,
RFA is increasingly used as an alternative to surgery
in recurrent hepatic tumors. Regarding the hemostatic
effect, RFA is indicated for acute management of
ruptured HCC. In this particular situation, complete
hemostasis and tumor ablation may be achieved. RFA
is also applicable in patients with liver metastases
from noncolorectal cancer, including metastases from
breast, adrenocortical cancer, neuroendocrine and
carcinoid tumors (2).

RFA-associated mortality and morbidity were ana-
lyzed by several groups and were reported to occur
in 0.5�1.4% and 5.7�12.0% of cases, respectively (35,
36). Deaths occurred as a sequel of intra-abdominal
sepsis, intraperitoneal bleeding, liver failure, cardiac
complications, bile duct stricture-associated compli-
cations (37). The RFA-associated morbidity is usually
subdivided into major and minor complications. The
former occur in up to 6% of cases and are described
as abdominal bleeding, intra-abdominal sepsis, liver
abscess, bile duct injury, liver failure, cardiac and
pulmonary complications, skin burn at the ground pad
site, hepatic vascular damage, portal vein thrombosis,
visceral damage, myoglobinemia or myoglobinuria,
renal failure, tumor seeding along the needle-track,
coagulopathy, and hormonal complications (35, 37).
The morbidity rate is rather low after percutaneous,
laparoscopic, or open procedures; however, it was
substantially higher (31.8%) when patients were
treated by open RFA combined with cryotherapy,
hepatic or extrahepatic resection (37). The major risk
factors for post-RFA morbidity are impaired liver
function, liver cirrhosis, subcapsular or central tumor
location (38). RFA in subcapsular tumors may result
in intraperitoneal bleeding or damage of neighboring
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organs, whereas central tumors are risky for damaging
bile ducts and intrahepatic blood vessels. Poon et al.
(36) revealed other four variables � hyperbilirubi-
nemia (>20 µmol/L), multiple tumor nodules, surgical
approach of ablation, and early experience (<50
cases) � as the significant risk factors for treatment-
associated morbidity. Hyperbilirubinemia and early
experience were identified as the independent risk
factors by multivariate analysis.

The long-term results of RFA for liver metastases
are controversial. According to the literature, median
survival in patients with colorectal liver metastases
treated with RFA varies from 27 to 37 months (Table 1).
One-, two-, and three-year survival rates are in the
range of 90�93%, 60�69%, and 34�68%, respectively.
Moreover, survival has been shown to be not signifi-

cantly related to number of metastases treated (39).
Elias et al. (40) have reported superior local recur-
rence rate (5.7%) after RFA procedures when com-
pared with anatomical (12.5%) and wedge resections
(12.5%) in 88 patients with liver metastases. Similar
survival rates following RFA or liver resection (me-
dian survival, 41% vs. 37%; 3-year survival, 55.4%
vs. 52.6%) were reported in another study (41). On
the contrary Abdalla et al. (3) has shown that RFA is
associated with higher recurrence rates and decreas-
ed survival when compared to liver resection. Rate
of true local (9% vs. 2%) and liver-only recurrence
rates (44% vs. 11%) favored liver resection. The 3-
and 4-year overall survival rates were also worse in
RFA patients (37% vs. 73% and 22% vs. 65%, res-
pectively).

Table 1. Characteristics and long-term results of patients with only nonresectable colorectal liver metastasis
treated by radiofrequency ablation

         Authors No. of Tumor size Mean F/U, Median survival Relapse,    Survival rates,
patients (range), cm months time, months %              %

Gillams and Lees, 69 3.9 (1�8) � 27 � 1-year SR, 90
2000 (42) 2-year SR, 60

3-year SR, 34
4-year SR, 22

Solbiati et al., 117 (0.9�9.9) 7.9 36 39 1-year SR, 93
2001 (43) 2-year SR, 69

3-year SR, 46
Tumor-free SR, 66

Oshowo et al., 25 3 (1�10) � 37 � 3-year SR, 52.6
2003 (41)

Lencioni et al., 423 � � � � 3-year SR, 47
2004 (44) 5-year SR, 24

Gillams and Lees, 2004 (45) 167 3.9 (1�12) 17 33 � 5-year SR, 30

Jacobs et al., 2006 (46) 68 2.3 (0.5�5.0) 21 � � 38-month SR, 68

F/U, follow-up; SR, survival rate.

In patients with HCC, the 1-, 2-, 3-, and 5-year
survival rates are 95%, 90%, 75%, and 59%, respec-
tively. The independent predictors of survival are
serum albumin level (risk ratio, 3.216; 95% CI,
1.407�7.353; P=0.0056) and initial treatment respon-
se (risk ratio, 2.474; 95% CI, 1.076�5.692; P=0.0330)
(47). The long-term results in HCC patients are also
controversial in different studies. Some authors have
observed no difference between RFA and liver resec-
tion. The 1-, 2-, 3-, and 4-year overall survival rates
after RFA and surgery were 95.8%, 82.1%, 71.4%,
67.9% and 93.3%, 82.3%, 73.4%, 64.0%, respecti-
vely. The corresponding disease-free survival rates
were not different also (85.9%, 69.3%, 64.1%, 46.4%
and 86.6%, 76.8%, 69%, 51.6%, respectively) (48).

Conversely Wakai et al. (49) have shown that hepa-
tectomy provided both better local control and long-
term survival when compared with RFA (median sur-
vival, 122 vs. 66 months; P=0.0123). The Cox propor-
tional hazards regression model revealed that hepatec-
tomy and tumor diameter ( 2 cm) was independently
associated with better survival (Table 2).

Thermal ablative therapies have demonstrated
some benefits in management of liver tumors, espe-
cially in patients who are not candidates for surgery.
The overall results to date are promising with high
success rates, at least in some reports. However, we
need to admit that comparison of RFA and surgical
treatment groups in a prospective randomized trial is
hardly feasible in terms of inability of the former to

Radiofrequency ablation of liver tumors (II): clinical application and outcomes
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produce comparable results in small patient series.
On the other hand, available scarce clinical data are
being biased by patient selection and the nonhomoge-
neity of the patient groups under comparison. Further

investigation of the mechanisms of local thermal
destruction in pursuit of enlargement of the ablation
volume may lead toward more successful application
of RF ablation techniques in clinical practice.

Table 2. Characteristics and long-term results of patients with hepatocellular carcinoma treated by radiofrequency ablation

               Study No. Mean F/U, Relapse,              Survival rate,
of patients months %                       %

Curley et al., 2000 (50) 110 19 45.5 2-year SR, 71.8

Nicoli et al., 2000 (51) 47 11.8 � 2-year SR, 83

Buscarini et al., 2001 (52) 39 34 29 5-year SR, 33
49 14

Guglielmi et al., 2003 (53) 53 18 28.3 2-year SR, 63
3-year SR, 45

Giovannini et al., 2003 (54) 56 14 17.8 1-year SR, 96.2
2-year SR, 94.2

Vivarelli et al., 2004 (55) 79 15.6 48.1 1-year SR, 78
3-year SR, 33

Wakai et al., 2006 (49) 21 69 33 Median survival time, 66 months

Chen et al., 2006 (48) 71 27.9 � 1-year SR, 95.8
2-year SR, 82.1
3-year SR, 71.4
4-year SR, 67.9

Morimoto et al., 2007 (47) 110 34 53 1-year SR, 95
2-year SR, 90
3-year SR, 75
5-year SR, 59

F/U, follow-up; SR, survival rate.

Kepen  navik  radioda�nin  abliacija (II). Klinikinis pritaikymas ir rezultatai

Tomas Vanagas1, Antanas Gulbinas2, Juozas Pundzius1, Giedrius Barauskas1
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Rakta�od�iai: radioda�nin  abliacija, kepen  navikas, rezultatai.

Santrauka. Rezekcin s operacijos i�lieka kepen  navik  gydymo �auksiniu standartu�. Viena i� alternatyv ,
apibr �t  grie�tomis indikacijomis, yra radioda�nin  abliacija. �is metodas da�niausiai naudojamas pacientams,
kuriems rezekcin s operacijos negalimos. �io straipsnio tikslas � apibendrinti naviko destrukcijos padidinimo,
efektyvumo kontrol s b dus, metodo indikacijas, sergamum , mirtingum  ir i�gyvenamum . Lokalios abliacijos
s km  priklauso nuo to, ar sukuriamas pakankamas destrukcijos plotas su pakankamu �chirurginiu kra�tu�.
T  galima pasiekti pagerinus energijos perdavim , kei iant audinio biofiziologij , derinant radioda�nin
abliacij  su kitais gydymo b dais. Didesni destrukcijos t riai gaunami naudojant vairi  tip  elektrodus,
kintam  energij , �e�i  arba keturiolikos abliacij  schemas. Taip pat naudojami tam tikri pagalbiniai metodai:
a) sukauptos energijos bendro kiekio padidinimas, kei iant audinio elektrin  laidum ; b) energijos praradimo
audinyje suma�inimas; c) �iluminio atsparumo suma�inimas. Tam tikru laiku atliekama kompiuterin  tomo-
grafija su intraveniniu kontrastavimu, branduolinio magnetinio rezonanso ir ultragarsinis tyrimai, funkcinis
vaizdavimas pozitron  emisijos tomografijoje su 18-fluorinu �ym ta deoksigliukoze, kurie naudojami radio-
da�nin s abliacijos efektyvumo kontrolei. Kepen  navik  radioda�nin s abliacijos rezultatai yra labai kontra-
versi�ki, ta iau dauguma studij  patvirtina, kad �is metodas susij s su didesniu atkry io ir blogesniu i�gy-
venamumo da�niu nei kepen  rezekcin s operacijos.
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