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Abstract
Background The therapeutic regimen for patients suffering of
HCC in liver cirrhosis must pay attention to the underlying
liver disease. Surgical resection is often limited by liver func-
tion and transplantation, as an optimal therapy for many early
diagnosed HCC, by the availability of organs. Due to three
prospective, randomized trials radiofrequency ablation (RFA)
is the standard method of local ablation. RFA compared with
resection for HCC in liver cirrhosis yields similar results
concerning overall survival but a lower rate of complications.
The laparoscopic approach may be advantageous concerning
the major drawback of RFA which is still the rate of local
failure as shown by a meta-analysis of local recurrences.
Method Indication for RFA was HCC in liver cirrhosis
either as a definite therapy or as a bridging procedure for
transplantation if the expected waiting time exceeded
6 months. Laparoscopic ultrasound, standardized algorithm

of laparoscopic RFA procedure, track ablation and a Trucut
biopsy were performed. The postoperative follow-up was
done according to institutional standards. Patient data and
parameters of laparoscopic RFA were prospectively docu-
mented, analyzed and compared with the results of previ-
ously published series found in a Medline search.
Results 34 patients were treated by laparoscopic RFA. The
average time of follow-up was 36.9±28.3 months. There was
no procedure-related mortality or surgical complications. An
upstaging of the tumor stage by laparoscopic ultrasound was
achieved in 32 % of the patients. The overall survival of these
patients was 44.7±6.9 months. The intrahepatic recurrence
rate was 61.8 % based on the number of patients treated. The
results have been analyzed and compared with six indepen-
dent papers identified in a Medline search that report on the
treatment of patients with HCC in a liver cirrhosis by laparo-
scopic RFAwith a mean follow-up of 12 or more months.
Conclusions Laparoscopic RFA is a feasible and reliable
therapy for unresectable HCCs in patients with cirrhosis. The
laparoscopic RFA combines the advantage of a minimally in-
vasive procedure concerning liver dysfunction with the ability
of an accurate intraoperative staging by laparoscopic ultrasound.
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Introduction

Hepatocellular carcinoma (HCC) accounts for more than 1
million deaths annually [1]. In Western countries with an
established program of hepatitis B vaccination chronic hep-
atitis C is the predominate risk factor for HCC [2]. Any
therapeutic regimen for patients suffering of HCC must pay
attention to the underlying liver disease. Liver transplanta-
tion is an optimal therapy for many early diagnosed HCC,
but limited by the availability of organs. Resection is often
contraindicated due to the limited liver function.

T. Herbold : R. Wahba :D. L. Stippel (*)
Department of General, Visceral and Cancer Surgery,
University of Cologne, Center of Integrated Oncology (CIO),
Joseph-Stelzmann-Straße 9,
50931 Cologne, Germany
e-mail: dirk.stippel@uk-koeln.de

C. Bangard
Department of Radiology, Center of Integrated Oncology (CIO),
University of Cologne,
Joseph-Stelzmann-Straße 9,
50931 Köln, Germany

M. Demir
Division Clinic for Gastroenterology and Hepatology,
Center of Integrated Oncology (CIO), University of Cologne,
Joseph-Stelzmann-Straße 9,
50931 Köln, Germany

U. Drebber
Institute of Pathology, Center of Integrated Oncology (CIO),
University of Cologne,
Joseph-Stelzmann-Straße 9,
50931 Köln, Germany

Langenbecks Arch Surg (2013) 398:47–53
DOI 10.1007/s00423-012-1018-5



Radiofrequency ablation (RFA) has replaced percutaneous
ethanol injection as the standard method of local ablation [3]
due to three prospective, randomized trials that showed
superiority of RFA concerning local recurrence and overall
survival [4–6]. Recently, two trials compared RFA with re-
section for HCC in liver cirrhosis yielding similar results
concerning local tumor control but a lower rate of complica-
tions [7, 8]. The major drawback of RFA still is the rate
of local failure as shown by a meta-analysis of local
recurrences after RFA [9, 10]. In this meta-analysis the
laparoscopic approach yielded a significant lower rate of
local recurrence compared to the percutaneous approach.
However, this analysis is biased, since the published
clinical experience using the laparoscopic approach for
RFA of HCC nodules is very limited [11–15]. The purpose
of this paper is to describe and discuss indication and tech-
nique of laparoscopic RFA for HCC and report the clinical
results achieved with this technique. The results are compared
to previously published series with a median follow-up of at
least 12 months which resulted from a Medline search enter-
ing hepatocellular cancer, radiofrequency ablation and lapa-
roscopic (and synonyms).

Material and methods

Patient selection and description

Only patients were included that had a diagnosis of liver
cirrhosis and/or chronic viral hepatitis. Diagnosis of HCC was
made by biopsy or by imaged based criteria (preferentially) as
published by the EASL consensus [16]. Briefly, a HCC was
diagnosed when a nodule (diameter>2 cm) showed early arte-
rial enhancement in two different image modalities, or if α-
fetoprotein was above 400 ng/ml in the presence of an early
enhancing nodule in one modality or if biopsy showed a HCC.
If diagnosis of HCC was not based on preoperative biopsy, a
Trucut biopsy was taken immediately after RFA to confirm the
diagnosis. A biopsy taken after the RFA decreases the risk of
tumor seeding due to the biopsy [17]. Thus, all patients includ-
ed had a biopsy proven HCC.

Indication for RFA as opposed to surgery was consid-
ered, when one of the following criteria was met:

& CHILD B patient
& CHILD A patients with a liver function that made a

postoperative hepatic decompensation likely (thrombo-
cyte count below 100,000/μl, signs of portal hyperten-
sion on imaging and/or MELD score>10)

& The extension of the necessary resection made a post-
operative liver failure likely,

& More than one resection necessary to clear all HCC
nodules,

The size and number of the HCC nodules had to be
suitable for RFA:

& The largest HCC nodule on preoperative imaging had to
be smaller than 3.5 cm in diameter,

& The number of HCC nodules less or equal to three.

Indication for laparoscopic approach in contrast to per-
cutaneous approach was based on the following criteria:

& Localization of the HCC within 1 cm of the liver
capsule,

& Localization in the dome of the liver (difficult needle
placement in axial plane),

& Size of the nodule to treat was larger than 2.5 cm.
& Bridge to transplantation as therapeutic aim of RFA

This stratification was chosen according to published
data about the size of the zone of ablation that can be
achieved by the specific RFA applicator and generator used
for percutaneous and laparoscopic RFA [18, 19].

Between February 2002 and February 2008, 172 patients
were treated for HCC by either transplantation (without
bridging), resection, RFA or transarterial chemoembolisa-
tion. According to the above mentioned criteria 34 consec-
utive patients were stratified to be treated by laparoscopic
radiofrequency ablation.

Description of patients’ risk factors was done by classi-
fying the stage of the HCC according to the Cancer of the
Liver Italian Program (CLIP) staging system [20]. The liver
function was evaluated by the Child–Turcotte–Pugh Score
[21] and calculation of the MELD score [22].

The characteristics of the 34 treated patients are summa-
rized in Table 1.

Laparoscopic RFA procedure

The first trocar (camera) was introduced by subumbilical
mini laparotomy to avoid portovenous collaterals to the

Table 1 Patient characteristics

(n034) Number Mean±SD

Age (years) 61.3±10.3

Sex (female/male) 8/26

Hepatitis B/C/else 5/23/6

CHILD A/B/C 20/14/0

MELD score 10.2±3.2

ASA score II/III 10/24

α-FP (μg/ml) 203±561

CLIP score 1.1±0.8

HCC nodules 1/2/3/> 3 21/6/3/4 1.8±1.3

diameter of HCC (mm)
≤2/2<x≤3/3<x≤4/>4

6/12/9/7 32.1±10.6
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umbilicus. A second trocar (ultrasound) was placed in the
right upper quadrant at least 8 to 10 cm below the rip bow. The
position of the second trocar facilitated an ultrasound exami-
nation of both liver lobes. A 7.5-MHz linear probe (Siemens
Sonoline Sienna, Siemens Medical Systems, Inc., Issaquah,
WA, USA) was utilized. The 4 cm long scanner is mounted on
a double joint allowing for 4 degrees of freedom (up/down,
right/left, rotation, forward/back). The highly flexible scanner
facilitated a perfect acoustic coupling to any part of the liver.
The placement of the RFA applicator was performed as a
freehand procedure by one surgeon (D.L.S.). To enable a
secure placement of the applicator the HCC nodule has place
in the far end of the scanned liver section. Using a 20-gauge
needle a puncture position on the abdominal wall was located
by visual control of the laparoscopic camera image from
where the applicator would be inline with the scanner.
Depending on the distance between liver surface and the
HCC the angle within the ultrasound image from the right
upper corner to the targeted position of the applicator tip was
estimated. With approximately the same angle, the applicator
was introduced into the liver surface right beside the joint of
the ultrasound probe. Rotating the ultrasound probe facilitates
visualization of the applicator. Corrections concerning the
angle between the liver surface and the applicator were made
either by pushing the liver with the ultrasound or by directing
the extra corporal part of the applicator in the opposite direc-
tion of the direction needed in the liver. To ensure reliable
placement of the applicator a long enough path (>2 cm)
through liver tissue was important. If the applicator position
needed correction a track ablation was performed even if the
applicator was not in contact with the HCC.

RFA was performed using a Rita generator model
1500XTM (RITA Medical Systems, Mountain View, CA,
USA), and either a Rita XL or a Rita XLi applicator. The
applicator specific standard algorithm of energy deposition as
supplied by the company was applied, as described before
[18]. When pulling the applicator back out track ablation was
performed until the applicator had left the body. Thus the
abdominal wall was always subject to track ablation.

Postoperative imaging and follow-up

The postoperative follow-up was done according to institu-
tional standards. Ultrasound (contrast enhanced, if needed)
examination and α-fetoprotein level were checked every
three months. Magnetic resonance imaging (MRI), or in
selected cases computer tomography scanning, was per-
formed once a year. In addition to this standard procedure,
the patients included in this prospective study were evalu-
ated for complete ablation or local recurrence of HCC by
MRI on day7 and every 3 months during the first year. The
MRI on day7 was used for comparison with the follow-up
scans. Any new enhancement in the vicinity of the zone of

ablation was considered a local recurrence. Further treat-
ment was initiated according to interdisciplinary consulta-
tion including all surgical, radiological, and medical
options.

Documentation and analysis of data

Patient data and parameters of laparoscopic RFA were pro-
spectively documented in a dedicated database. All calcula-
tions were performed using SPSS for Windows version 19.0.0
(SPSS Inc., an IBM Company). Values are given as mean±
standard deviation, unless mentioned otherwise. Survival
analysis was done according to the Kaplan–Meier method.

Medline search

A Medline search was done using the keywords “hepatocel-
lular or HCC” and “radiofrequency or radio frequency or
radio-frequency” and “laparoscopic or laparoscopy”. The
137 articles identified by this search were further evaluated
whether they met the following criteria: (1) data on group or
a subgroup of patients consisting only of patients with HCC,
(2) treated by laparoscopic RFA and (3) a mean follow-up of
at least 12 months is reported.

Results

Results of the Medline search

The primary search identified 137 articles published before
January 1, 2012. Fifty-two papers report on RFA by open or
percutaneous approach with only a minor number of laparo-
scopic procedures that are not described in detail, or the
method of therapy employed is different than RFA. The topic
of further 27 papers is the laparoscopic treatment of different
liver tumors others than HCC or only a minor number of
HCC. Three papers could not be evaluated due to language.
Forty articles reported technical details of the procedure and
perioperative results without any or a too short follow-up or
without any analysis of survival. Fifteen of these papers report
on laparoscopic RFA of HCC with a sufficient follow-up
(≥12 months) but some are from one institution or relate to
identical cohorts of patients. From these 15, a total of 6
independent papers could be identified that report on the
treatment of patients with HCC in a liver cirrhosis by laparo-
scopic RFAwith a mean follow-up of 12 or more months [15,
23–27]. Table 2 summarizes the data reported in these articles.

Procedure-related mortality and morbidity

There was no procedure-related mortality. The 30 days and
hospital mortality were zero. There were no surgical
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complications, no blood transfusions and no secondary
complications of RFA such as biliary tract problems or
portal vein thrombosis. However, one patient suffered a
transitory decrease in liver function, the main symptom
being increased ascites. Due to decreased liver function,
the hospital stay of three patients was prolonged (average
8.3±4.9 days).

Upstaging due to intraoperative imaging

Laparoscopic ultrasound did change the staging concerning
the number of HCC nodules (14 additional were found) in 7
patients or the size of the largest nodules in 15 patients. In
three patients multiple additional nodes were identified. In
three patients the size of the nodules and multiple additional
nodules rendered a complete ablation impossible. None of
these three patients are among those that received a liver
transplantation.

Overall survival and recurrences of HCC

Figure 1 shows the overall survival of the patient cohort. The
average time of follow-up was 36.9±28.3 months. Out of the
27 patients that died during follow-up, 3 died of reasons
independent of primary liver disease or HCC (1× myocardial
infarction, 1× lung TBC, 1× pneumonia). The mean survival
of these patients was 44.7±6.9 months (95%CI, 31.2–
58.1 months), the mean age at time of death 65.7±9.8 years.
The influence of liver transplantation is examined below.
Figure 2 displays the overall survival stratified for this factor.

The local recurrence rate was 15 % based on the number
of ablations performed. Local recurrence, as defined by
radiological criteria, occurred in 2 out of 34 patients. Local
recurrence according to histological evaluation of the liver
specimen after transplantation was present in 8 out of 14
patients and 9 out of 16 ablations. Thus, in a total of 10 out
of 34 patients (29 %), local recurrence was proven. In 18
patients, new HCC nodules in a location different from the
treated HCC were diagnosed. Out of these patients, six
could be treated by repeated RFA.

Liver transplantation during follow-up

Fifteen patients were on the waiting list for a liver trans-
plantation at the time of laparoscopic RFA. Fourteen
patients received a liver graft during follow-up.

Patients that were listed on the waiting list were younger
(57±9 years) than those not (67±8 years). The difference
was even larger in those that received a transplantation (54±
9 years versus 66±8 years) (p<0.001). Concerning the
MELD score, there was no difference between patients
receiving a liver graft versus not (mean 10.2±3.2). The
average CLIP score was lower in the patients receiving a
liver graft (0.8) versus not (1.3), without reaching statistical
significance (p00.07).

At the time of the first RFA, there was no significant
difference in either number of HCC nodules (1.8 versus
1.8) or maximum diameter of the nodule (30.2 versus
33.2 mm) between patients that received a liver graft
and those that did not.

Table 2 Articles reporting a mean follow-up of 12 or more month after treatment of HCC by laparoscopic RFA

Reference Patients (n) CLIP/child HCC (n) HCC (mm) Ø follow-up (months) Overall survival

Hsieh [24] 40 No data/A 0 %, B 70 %, C 30 % No data 32±10 12.5 82 % (1 year)

64 % (2 years)

Santambrogio [25] 104 No data/A 59 %, B 41 %, C 0 % 1.47 28.3±10.8 22.5±15.9 44 % (4 years)

Montorsi [23] 58 No data/A 69 %, B 31 %, C 0 % No data No data 25.7±17.5 85 % (1 year)

75 % (2 years)

61 % (3 years)

45 % (4 years)

Karabulut [15] 92 No data/A 54 %, B 32 %, C 14 % 1.6±0.1 No data 19 21 % (5 years)

Tanaka [26] 26 No data/A 42 %, B 35 %, C 23 % 1 20 No data 94 % (1 year)

94 % (2 years)

94 % (3 years)

Sakaguchi [27] 249 No data/A 60 %, B 39 %, C 1 % 1 24.8±8.9 No data 98 % (1 year)

95 % (2 years)

64 % (5 years)

Cologne 34 1.1±0.8/A 58 %, B 42 %, C 0 % 1.8±1.3 32.1±10.6 36.9±28.3 77 % (1 year)

66 % (2 years)

47 % (3 years)

27 % (5 years)
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The average waiting time was 8.5±7.1 months. No patient
intended for transplantation suffered a complication or a seed-
ing of HCC. Histopathologic examination of the liver speci-
men revealed a complete ablation of the HCC nodule treated
in 6 of 14 patients and 7 out of 16 nodules treated. In 7 cases,
13 additional HCC nodules were found on thorough histolog-
ical examination of the specimen. Due to these additional

HCC’s, only one of the 14 patients was without evidence of
HCC at the time of transplantation. The average diameter of
the HCC’s with complete ablation according to histology was
29 mm at time of RFA and 28 mm at time of histology. The
average diameter of those HCC’s that were not completely
necrotic was 31 mm at time of RFA and 58 mm at time of
histology. Liver transplantation exerted an influence on

Fig. 1 Overall patient survival
after treatment of HCC by
laparoscopic RFA. Mean
survival 44.7±6.9 months
(95%CI, 31.2–58.1 months)

Fig. 2 Overall patient survival
after treatment of HCC by
laparoscopic RFA; influence of
liver transplantation. Mean
survival with transplantation
(broken line) 70.5±10.9 months
(95%CI, 49.2–91.7 months),
without transplantation (solid
line) 22.8±4.3 (95%CI, 14.5–
31.2 months)
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longtime overall survival with reaching statistical signif-
icance. The corresponding values for the mean survival
and 95 % confidence interval are with transplantation
70.5±10.9 months (95%CI, 49.2–91.7 months), without
transplantation 22.8±4.3 (95%CI, 14.5–31.2 months).
The patients receiving a liver transplantation were sig-
nificantly younger than those not being listed for
transplantation.

Discussion

The published clinical experiences using the laparoscopic
approach for RFA of HCC nodules are very limited [11–14].
A total of six independent papers could be identified in a
Medline search that report on the treatment of patients with
HCC in a liver cirrhosis by laparoscopic RFA with a mean
follow-up of 12 or more months [15, 23–27]. RFA per-
formed in a laparoscopic way is a safe treatment of liver
tumors with deep locations, superficial nodules adjacent to
diaphragm and organs or multiple lesions [14, 28]. There is
no limitation to treat tumors located centrally in the liver
parenchyma or beneath the diaphragm as it is in the percu-
taneous access. The intraoperative ultrasound in the laparo-
scopic approach allows a much more accurate staging than
the preoperative imaging and an adaptation of the treatment.
Laparoscopy enables the visualization and protection of
surrounding structures (bowel, stomach) through some lap-
aroscopic maneuvers. According to our results and the cited
series, there have not been any procedure-related complica-
tions (visceral damage, intraperitoneal bleeding, seeding) as
observed in percutaneous RFA [29]. A Pringle maneuver to
increase the zone of ablation is contraindicated in liver
cirrhosis due to the risk of portal thrombosis. However, an
enlargement of the zone of ablation can be reached by
reduction of liver blood flow by up to 30–40 % caused by
pneumoperitoneum [30]. The Trucut biopsy after RFA
allows a safe histological diagnosis without the risk of
intraperitoneal seeding of the tumor. The postoperative hos-
pital stay after a laparoscopic RFA is remarkable short (8.3±
4.9 days) compared with other studies [26]. Unfortunately,
the RFA has a higher incidence of local recurrence com-
pared to liver resection but this is not the only factor that
affects the overall survival [23]. A single nodule, a nodule
size of 3 cm and more are certainly factors favoring resec-
tion [31, 32]. Further data is needed to allow a better
stratification for surgery versus RFA [33]. We observed
a local recurrence of 15 % of the ablations and an
intrahepatic recurrence of new HCCs of 61.8 % during
the follow-up due to multifocal character of the disease.
Compared with the published survival rates of patients
with HCC [29, 34], a better median survival could be
achieved.

Conclusion

Laparoscopic RFA is a feasible and reliable therapy for
unresectable HCCs especially in patients with cirrhosis
when a surgical resection is not possible. It allows an effec-
tive local control of the disease and can be performed safely
with a low rate of complications. In comparison to percuta-
neous access, difficulties due to localization of the nodule
within the liver are not observed and the size of the zone of
ablation can be increased. The laparoscopic RFA combines
the advantage of a minimally invasive procedure with the
ability of an accurate intraoperative staging by laparoscopic
ultrasound. The laparoscopic RFA can provide significant
survival for patients with hepatocellular cancer while also
forming a bridge to liver transplantation.
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