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KEYWORDS Abstract Background: The treatment of choice for hepatocellular carcinoma (HCC) is surgi-
Hepatocellular cal resection but only a small percentage of patients are operative candidates. Percutaneous
carcinoma; radiofrequency interstitial thermal ablation (RFA) has proved to be effective in the treatment
Liver cirrhosis; of unresectable HCC. However, there is a sub-group of patients who may benefit from a lapa-
Laparoscopic roscopic rather than a percutaneous approach. Laparoscopic RFA offers the combined advan-
ultrasound; tages of improved tumor staging based on the intracorporeal ultrasound examination and safer
Radiofrequency access to liver lesions that are difficult or impossible to treat with a percutaneous approach.
interstitial thermal The aim of our review was to evaluate the advantages and limitations of the laparoscopic
ablation. approach, according to the criteria of evidence-based medicine.

Conclusions: Laparoscopic RFA of HCC proved to be a safe and effective technique, at least in
terms of the short- and mid-term results. This technique may be indicated in selected cases of
HCC when percutaneous RFA is very difficult or contraindicated.

Sommario Background: Il trattamento ottimale dell’epatocarcinoma é la resezione epatica.
Tuttavia, solo una piccola percentuale di pazienti puo essere sottoposta a intervento. La ter-
moablazione mediante radiofrequenza per via percutanea si € dimostrata efficace nel tratta-
mento degli epatocarcinomi non resecabili. Tuttavia, esiste un sottogruppo di pazienti che
potrebbe essere adatto a un approccio per via laparoscopica. Il razionale di questa tecnica e
quello di associare i vantaggi di una miglior stadiazione assicurata dalla valutazione ecografica
intraoperatoria con un sicuro approccio alle lesioni epatiche difficili o impossibili da trattare
per via percutanea. Lo scopo di questa revisione critica del tema € quello di valutare vantaggi
e limiti dell’approccio laparoscopico secondo i criteri di una medicina basata sull’evidenza.
Conclusioni: La radiofrequenza per via laparoscopica del’epatocarcinoma si € dimostrata una
metodica sicura ed efficace almeno a medio-termine. Questa tecnica puo essere indicata in
casi selezionati quando ’approccio percutaneo alla lesione da trattare € molto difficile o
controindicato.
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Introduction

Radiofrequency interstitial thermal ablation was initially
used as an attempt to achieve local control in cases of
unresectable liver tumors. More recently, however, its use
has been considered with curative intent [1]. An increasing
number of patients with cirrhosis and hepatocellular carci-
noma (HCC) are being treated with radiofrequency abla-
tion (RFA), but these patients are still less in number
than those with metastatic lesions [2]. Radiofrequency ab-
lation is most commonly performed as a percutaneous pro-
cedure [3,4], but there is a sub-group of patients who may
benefit from laparoscopic RFA [5—8]. The latter approach
combines the advantages of improved staging accuracy
based on the intracorporeal ultrasound (US) examination
[9] with increased safety in the elimination of liver lesions
that are difficult or impossible to treat percutaneously
[10]. The aim of our review was to evaluate the advan-
tages and limitations of RFA from a surgeon’s point of
view, according to the levels of evidence (Table 1) [11].

Laparoscopic staging

Intraoperative US (IOUS) is the most accurate diagnostic
technique for detecting focal liver lesions [12]. However, in
patients with cirrhosis and HCC, some of the nodules de-
tected with this approach are non-neoplastic [13]. Its accu-
racy can be enhanced by the use of second-generation US
contrast agents, which improves the power of differentiat-
ing new nodules detected by intraoperative US in cirrhotic
livers [14].

The use of laparoscopic ultrasound (LUS) overcomes the
two major limitations of laparoscopy, i.e., inspection
limited to the surface of the organs and the impossibility
of evaluation based on palpation of structures. LUS pro-
vides the advantages of an IOUS examination, in terms of
similar accuracy, with a mini-invasive access [15]. However,
at the moment, LUS technology does not permit the use of
a US contrast agent. The problem of differentiating new
malignant nodules from other kinds of lesions remains
open: from a technical point of view, it can be very difficult
to insert a fine needle into deep-seated hepatic tumors us-
ing this type of probe [10] (Fig. 1). Some authors have eval-
uated the potential benefits of LUS in staging liver tumors.
Only some of these reports dealt with patients with liver
cirrhosis and hepatocellular carcinoma (Table 2) [16—21].

There is a reasonable amount of evidence supporting the
value of laparoscopic staging and its potential impact on
the management of patients with HCC and liver cirrhosis
(level 2b evidence), as shown by the results of our study
published in 2002 [21]. Our updated personal experience
now includes 207 patients who have been evaluated with
LUS. In 53 (25%) of these cases, LUS revealed new malignant
liver lesions that had not been detected with preoperative
US or computed tomography (iodized-oil and/or spiral). In
19 cases, the new tumors were located in the same liver
segment, near the primary lesion, and in 34 cases, in differ-
ent liver segments (Fig. 2). Prior to the LUS examination,
130 of the 207 patients were believed to have a solitary
HCC; in 24 of these cases (18%) new malignant nodules
were identified. New malignant lesions were detected in
29 (38%) of the 77 patients with a preoperative diagnosis
of two or more nodules. The likelihood of identifying new

Table 1 Levels of evidence
Level Therapy/prevention, aetiology/harm Diagnosis
1a SR (with homogeneity®) of RCTs SR (with homogeneity®) of level 1 diagnostic studies; clinical
decision rules with 1b studies from different clinical centres
1b Individual RCT (with narrow confidence interval) Validating cohort study with good reference standards;
or clinical decision rules tested within one clinical centre
1c All or none case-series Absolute SpPins and SnNouts®
2a SR (with homogeneity?®) of cohort studies SR (with homogeneity?®) of level > 2 diagnostic studies
2b Individual cohort study (including low quality RCT; Exploratory cohort study with good reference standards;
e.g., <80% follow-up) clinical decision rules after derivation, or validated only
on split-sample or databases
2c ‘*Outcomes’’ research; ecological studies
3a SR (with homogeneity®) of case-control studies SR (with homogeneity®) of 3b and better studies
3b Individual case-control study Non-consecutive study; or without consistently applied
reference standards
4 Case-series (and poor quality cohort and Case—control study, poor or non-independent reference
case-control studies) standard
5 Expert opinion without explicit critical appraisal, Expert opinion without explicit critical appraisal, or based

or based on physiology, bench research or
“first principles’’

on physiology, bench research or “*first principles’’

Source: Ref. [11].
SR = systematic review and RCT = randomized controlled trials.

2 By homogeneity we mean a systematic review that is free of worrisome variations (heterogeneity) in the directions and degrees of

results between individual studies.

b An "*Absolute SpPin”’ is a diagnostic finding whose specificity is so high that a positive result rules-in the diagnosis. An “‘Absolute
SnNout’’ is a diagnostic finding whose sensitivity is so high that a negative result rules-out the diagnosis.
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Fig. 1 Ultrasound and intraoperative images with radiofre-
quency needle electrode. The tip of the electrode has been po-
sitioned inside the target liver nodule.

malignancies intraoperatively is thus higher when more
than one lesion has been detected preoperatively
(p = 0.0022).

Most of the new nodules were very small with a mean
diameter of 10.8 +4.5 mm (median: 10 mm). In our experi-
ence, the results of LUS modified the original treatment
plan in 49 of the 53 patients with new malignant nodules:
11 patients underwent only laparoscopic exploration, 32
required an additional session of interstitial therapy, and
in 4 other cases an additional non-anatomic resection was
performed. In the remaining four cases, the new malignant
lesion was close to the primary nodule and was therefore
included in the planned segmental hepatic resection.

Comparison with liver surgery

It is currently unclear whether accurate understanding of
the stage of disease can benefit the patient, with respect to

Table 2  Published series of laparoscopic ultrasound (LUS)
staging of hepatocellular carcinoma (HCC)

References No. of HCC Further information
patients (% of total
patients)
John et al. [16] 43 15 Better staging in 42%
Tandan et al. 31 10 Avoidance of useless
[15] LPT in 10%

Ido et al. [17] 186 100
Loetal. [18] 198 100

Better staging in 12%
Avoidance of useless

LPT in 16%
D’Angelica 401 8 Avoidance of useless
et al. [19] LPT in 20%
De Castro 76 43 Avoidance of useless
et al. [20] LPT in 24%
Montorsi 132 100 Avoidance of useless
et al. [21] LPT in 14%

LPT = laparotomy.

prognosis and treatment planning (level 2b evidence). An
answer to this question could be obtained by analyzing the
results of prospective studies, comparing patients treated
with RFA and those who underwent surgical resection with
I0US evaluation (Table 3). There are five studies of this type
in the literature [22—26], but only one was a randomized
controlled trial (RCT) [26]. Some biases are present: none
of the studies examined the impact on outcome of the
more accurate staging based on 10US, which is the most
important advantage of using a therapeutic modality asso-
ciated with IOUS examination. Our study is the only one
that evaluated this aspect, comparing the 10US findings ob-
tained during liver resection with the results of LUS during
RFA [23]. It is reasonable to assume that IOUS-based staging
will influence the incidence of HCC recurrences. In fact,
four studies [22—25] documented lower rates of intrahe-
patic recurrence after surgery than after RFA (in one, the
difference was limited to local recurrences [24]), while
the RCT [26] showed no differences. The lower recurrence
rates observed in the majority of these studies might be de-
termined at least in part by improved I0US-based staging.
Two of the studies [22,25] also found better survival rates
after surgery, while no differences were observed in the
other three. The similar overall survival rates associated
with RFA in these studies may be the result of repeat abla-
tion after local recurrence. The most successful predictor
of outcome seems to be the underlying state of the liver.
However, in patients with small nodules, RFA may be a po-
tential alternative to liver resection [27]. For larger tumors
that are still resectable, surgery is unquestionably the best
option, although laparoscopic RFA could eliminate some
of the problems associated with percutaneous RFA, by
allowing intraoperative staging and/or more aggressive
treatment of the nodule. However, use of RFA as an alter-
native to surgery in patients with resectable HCCs cannot
be justified. The role of RFA in HCC patients who are surgi-
cal candidates is still controversial, and it is not sufficiently
well-established to be considered as the equivalent of
surgery (level 2b evidence). More work needs to be done
to define the role of RFA as an alternative to resection,
but compared with percutaneous RFA, the use of laparo-
scopic RFA with LUS examination is more likely to provide
the advantages of surgical resection with IOUS staging.

Today, the majority of RFA procedures are still per-
formed percutaneously. In the absence of data from
randomized trials, there is no consensus among experts
about which approach is the best [27]. Laparoscopic access
can be used successfully to treat patients with tumor char-
acteristics that have been associated with unsuccessful
treatment with percutaneous RFA, i.e., superficial lesions
located near other organs, deep-seated tumors, multiple
lesions, or large HCCs [28,29]. Laparoscopy is less invasive
than laparotomy, but it also offers decreased access to
the liver and limits the positioning of US and radiofrequency
ablation probes.

Effects of the laparoscopic approach

Several authors [5—7,29—37] have evaluated the potential
benefits of laparoscopic RFA for treatment of liver tu-
mors, but only a few of these reports involved series
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Fig. 2 Laparoscopic ultrasonographic (LUS) images of new, sub-centimeter lesions (satellite and at a distance from the primary

tumor) missed by preoperative computed tomography and ultrasonography.

with more than 10 patients with liver cirrhosis and hepa-
tocellular carcinoma (Table 4) [29-31,36,37]. Because
laparoscopic RFA is a relatively new treatment modality
for HCC, the data in the literature consist largely of pre-
liminary observations with short periods of follow-up.
Complete necrosis was achieved in 86% [7] to 100%
[6,29,31,33,34] of the lesions treated, although in some
situations a second procedure was required to ablate re-
sidual tumor tissue. Intrahepatic recurrence of HCC is
common with all types of treatment (excluding liver
transplantation), and incidence rates following laparo-
scopic RFA range from 0% [7,32] to 54% [36,37] after
mean follow-ups of 6.8—24.2 months.

One of the largest series reported to date is the one we
analyzed in 2003—2005 [36,37]. The present report ana-
lyzes the efficacy of laparoscopic RFA based on updated
data: 153 patients with HCC and liver cirrhosis have now
been treated with laparoscopic RFA. The laparoscopic ap-
proach proved to be useful for the treatment of superficial
tumors (30 patients). It allowed direct visualization and dis-
placement of surrounding structures (gallbladder, colon,
stomach), which reduced the risks of damage during abla-
tion of the liver tumor. The group of patients with HCCs lo-
cated near these visceral structures was not significantly
different from the group with tumors in other areas of
the liver, in terms of total necrosis rates (93% vs. 86%;

Table 3  Published series of HCCs treated with radiofrequency ablation (RFA) vs. surgical resection
Author Study type Patients and treatment Size HCC Recurrence rates Survival rates
Vivarelli et al. [22] Retrospective 79 RES <5cm 50% RES* 65% RES*
Comparative 79 P-RFA 66% P-RFA* 33% P-RFA*
3 Years 3 Years
Montorsi et al. [23] Retrospective 40 RES <5cm 30% RES* 73% RES
Comparative 58 L-RFA 53% L-RFA* 61% L-RFA
3 Years
Hong et al. [24] Retrospective 93 RES <4cm 45% RES°® 84% RES
Comparative 55 P-RFA 58% P-RFA° 73% P-RFA
3 Years
Wakai et al. [25] Retrospective 85 RES <4cm 2% RES* 75% RES*
Comparative 64 P-RFA 27% P-RFA* 55% P-RFA*
5 Years
Chen et al. [26] RCT 90 RES <5cm 31% RES 73% RES
90 P-RFA 40% P-RFA 69% P-RFA
3 Years 3 Years

RCT = randomized controlled trial; L-RFA = laparoscopic RFA; P-RFA = percutaneous RFA; and RES = resection.

*p < 0.05; and “p < 0.05 only for local recurrences.
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Table 4 Published series of hepatocellular carcinomas (HCCS) treated with laparoscopic radiofrequency ablation
Authors No. of Child—Pugh  Ablative Total Morbidity, HCC Mean
patients  classes device necrosis, n (%) recurrence, follow-up
n (%) n (%) (months)
Ido et al. [29] 15 8A; 4B; 3C Microwave 15 (100) 0 2 (13) 16.8
Goletti et al. [7] 7 = Cooled 6 (86) 0 1 (14) 17
Seki et al. [30] 24 21A; 3B Microwave 22 (92) 3 (12)2 13 (54) 18
Podnos et al. [31] 12 12B Multi-array 12 (100) 1 (8)? 1(8) 7
Cuschieri et al. [6] 2 = Multi-array 2 (100%) O 0 11.1
Chung et al. [5] 4 = Multi-array  — 0 2 (50) 8.2
Siperstein et al. [32] 4 — Multi-array  — — 0 13.9
Machi et al. [33] 3 - Multi-array 3 (100) 1 (33)° - 6.8
Okano et al. [34] 6 3A; 3C Microwave 6 (100) 0 3 (50) 20.2
Topal et al. [35] 8 3A; 4B; 1C Cooled — 1 (12)¢ 3 (37) —
Santambrogio et al. [36,37] 104 61A; 43B Cooled 88 (87) 9 (9)>cd 55 (54) 24.2

2 Pneumothorax.

b Ascites.

Intraperitoneal bleeding.
Jaundice.

C
d
€ Local abscess.

p = 0.284), HCC recurrences (50% vs. 57%; p = 0.468), or
survival curves (p = 0.863). Furthermore, no major compli-
cations occurred in this group of patients, and this finding is
in contrast with the complication rate reported for percuta-
neous thermoablation of tumors located close to other vis-
ceral structures [29]. In 73 patients, the main nodule was
located deep in the liver, and RFA was deemed very difficult
without laparoscopy and LUS guidance. In 38 cases, the le-
sion proved impossible to localize with percutaneous ultra-
sound. These 73 patients presented rates of total necrosis
(87% vs. 88%; p = 0.96) and HCC recurrence (52% vs. 66%;
p = 0.128), and survival curves (p = 0.863) that were simi-
lar to those whose tumors could be well visualized with per-
cutaneous US. These findings suggest that laparoscopic RFA
can be used to treat liver lesions that are poor candidates
for percutaneous RFA.

On the other hand, when our data were analyzed based on
the number of HCC nodules being treated (single vs.
multiple), laparoscopic and percutaneous RFA produced
similar results [27,28]. In both cases, complete necrosis rates
are higher in patients with a single lesion than in those with
multiple lesions (92% vs. 80%; p = 0.02). However, these two
groups were not significantly different in terms of survival
(p = 0.424) or HCC recurrence (55% vs. 57%; p = 0.773)
rates. Similar findings have been reported regarding the im-
pact on outcomes of HCC diameter [27,28,30]. In 98 patients
with lesions smaller than 3 cm, total necrosis was achieved in
92 cases (94%), and this rate is significantly better than that
recorded in the other 47 patients with lesions larger than
3cm (74%) (p = 0.009). However, nodule size did not have
a statistically significant impact on survival (p = 0.572) or
HCC recurrences (55% vs. 57%; p = 0.790). The number and
dimensions of the HCC nodules seem to influence total necro-
sis rates achieved with both laparoscopic and percutaneous
RFA [2,3,38,39]. However, they do not seem to have any
effect on the recurrence rate associated with laparoscopic
RFA. This difference is difficult to explain based on the
current literature data [27].

Laparoscopic RFA seems to be associated with good rates
of total necrosis even in patients with HCCs that are
relatively difficult to treat percutaneously due to inacces-
sible positions, multiplicity, or large tumor volumes (level
3b evidence). Additional studies are needed to determine
whether laparoscopic RFA is also superior to the percuta-
neous approach in unselected patients.

The choice of the approach to be used for RFA of an HCC
is usually dictated by the training and experience of the
operator. Increased training and experience are accompa-
nied by improvement in patient selection, choice of the
appropriate approach, electrode-placement and ablation
techniques [10], and perioperative management. Laparo-
scopic RFA is technically more demanding than the percuta-
neous approach because it requires experience in both
laparoscopic ultrasound and laparoscopic, ultrasound-
guided needle placement. In any case, the indications for
laparoscopic RFA are likely to expand with the increasing
experience and skill of the laparoscopic surgeon (level-4
evidence).

Thus far, we have excluded large tumors (>5 cm) from
our studies [36,37]. Other authors have reported good re-
sults in these cases [4], although longer treatment and mul-
tiple electrode insertions may be necessary to achieve
complete necrosis of the lesion. Interruption of hepatic
blood flow has been shown to increase the volume of tissue
that can be ablated with a single needle insertion in both
experimental and clinical settings [40]. However, this ap-
proach has not been extensively studied in cases involving
an HCC located in proximity to major hepatic vessels in
a cirrhotic liver. Scott et al. [41] showed that ablations per-
formed in a pig model with hepatic inflow occlusion were
superior in size, shape, and symmetry to those performed
under conditions of normal perfusion. However, no data
are available on the safety of this approach. During RFA,
blood flow protects vascular and biliary structures, and
the absence of blood flow could thus result in thermal dam-
age to blood vessels or bile ducts [42]. Two cases of vascular
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injury have been reported following open RFA performed
during the Pringle maneuver [43].

Considering the risk of portal thrombosis associated with
the Pringle maneuver, we do not favor its use. Moreover, it
is important to recall that the pneumoperitoneum induced
during laparoscopy already reduces hepatic blood flow by
30—40%, and this factor alone may increase the area of liver
tissue necrosis that can be produced with RFA [42]. In the
last 3 years, we have modified the technique in this way.
Tumor vascularity was evaluated with color Doppler imag-
ing (Fig. 3). Under ultrasonographic guidance, the RF elec-
trode was then directed towards the tumor with direct
puncture of the nearby blood vessel. The ablation cycle
lasted 2—4 min. A second color Doppler study was per-
formed to confirm that the vascular area had been com-
pletely ablated, and the nodule itself was then treated
with conventional insertion of the RF electrode [10]. With
this technique, we have treated 27 patients. At the 1-
month CT evaluation, total necrosis was confirmed in all
27 patients. In contrast, in the group of 118 patients
treated with standard laparoscopic RFA, total necrosis
was observed in only 85% of cases (p = 0.03). Further anal-
ysis is necessary to determine whether this new technique
also has a positive impact on recurrences and survival.

Complications

The laparoscopic procedure proved to be feasible and safe
with a low rate of serious complications [21,23,29,31]. In
our series, only two patients required surgical intervention
for hemorrhage at a trocar site. Bleeding from hepatic
puncture sites or trocar insertion sites is a potential
problem, but it can be readily recognized and treated lap-
aroscopically. The laparoscopic approach allowed good he-
mostasis in nearly all cases in which active post-treatment

\
ablation

Fig. 3 Tumor vascularity was evaluated with color Doppler
imaging. Under ultrasonographic guidance, the tip of the nee-
dle was directed towards the tumor with direct puncture of the
nearby blood vessel (inset A) and the ablation cycle lasted 2—
4 min (inset B). Under laparoscopic vision, it is possible to see
the color change of the liver surface produced by RFA.

bleeding occurred at the puncture site or trocar insertion
sites. Treatment-related side effects (pain and fever)
were mild, and the clinical course of the procedure was
quite similar to that of diagnostic laparoscopy. Percutane-
ous access seems to be associated with a similar rate of
complications, but they are more severe than those seen
with laparoscopic approach: in a report published in 2002,
14 deaths were described in a group of patients treated
with percutaneous RFA, while none occurred when laparo-
scopic access was used [42].

In one of our cases (1%), laparoscopic RFA was associated
with parietal seeding. This problem can sometimes be
eliminated by preliminary insertion of a 14-gauge intrave-
nous needle or a 2-mm trocar through the abdominal wall.
The 18-gauge needle electrode is then inserted through the
larger-gauge sheath. In the case cited above, this type of
protection could not be used because the lesion to be
treated was large and a cluster needle had to be used. A
review of the literature shows that the risk of electrode-
track seeding varies widely, with rates ranging from 0.2% to
12.5% in patients treated with percutaneous RFA. The
reasons for these differences are not clear [42,44,45].

Laparoscopic RFA seems to be a safer procedure. It is
possible to prevent some complications, such as bleeding or
visceral perforation, for certain patients at a risk of visceral
lesions (level 2a evidence). Laparoscopy may often be the
approach of choice to reduce the risk of electrode-track
seeding (level 2c evidence).

Conclusions

In conclusion, laparoscopic RFA represents a safe, effective
treatment for HCCs that are not amenable to surgical
resection, especially when percutaneous RFA is deemed
very difficult or impossible. The main advantages of the
laparoscopic approach include better protection of vital
structures and more accurate staging. Its use can therefore
be proposed in appropriately well-selected patients (level
2c evidence).
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