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Objective. We hypothesize that perfusion of an ex-
pandable radiofrequency ablation (RFA) needle with
saline solution might help prevent charring and in-
crease efficiency.

Summary Background Data. RFA has become an
important adjunct to modern liver surgery. However,
ablation is time-consuming and hazardous due to char-
ring around the radiofrequency electrodes.

Methods. From June 2000 to November 2004, 159
liver tumors with a median diameter of 2.0cm were
treated with RFA, 54 tumors of them according to the
manufacturer’s standard protocol and 105 tumors ac-
cording to the novel perfusion protocol. No randomiza-
tion was applied. All patients were followed up with
contrast enhanced computed tomography (CT) at regu-
lar intervals. Local recurrence was defined as radio-
logic and/or histologic evidence of viable tumor
within or at the ablated liver area.

Results. Both study groups were comparable with
regard to tumor characteristics, procedure related
complications, and median times of follow-up (27 mo
in the standard group versus 23 mo in the perfusion
group). The median RFA time was significantly re-
duced from 18.9 min in the standard group to 8.0 min
in the perfusion group. The rates of incomplete abla-
tions were comparable in both groups (3.7% versus
2.8%). The rate of local recurrences at the RFA site
was 6.9% overall, 11.1% in the standard group, and
4.8% in the perfusion group. No tumor seeding along
the puncture channel was observed.

Conclusions. The perfusion of an expandable RFA
needle with saline solution significantly accelerates

the ablation procedure of liver tumors without in-
crease of complications and without compromising
the oncosurgical result. � 2010 Elsevier Inc. All rights reserved.
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INTRODUCTION

Radiofrequency (RF) induced thermal ablation is one
of the favored local ablative techniques for nonresect-
able liver tumors [1–14]. RF waves of 460-500 kHz re-
sult in frictional heat, distributed from the electrodes
by conduction into the tissue. At a temperature near
60�C, cellular damage becomes irreversible: intracellu-
lar proteins and collagen are denatured, lipids are dis-
solved [15], and cell necrosis occurs. Experimental
studies with increasing energy delivered into the tissue
have shown that the higher the locally reached temper-
ature, the bigger the resulting ablation area and the
more complete the ablation [16]. It is important to en-
sure that no charring occurs around the electrodes,
since charring reduces conductivity and, hence, makes
it vastly more difficult to effectively convey energy into
the depth of the tissue [17, 18]. A first attempt to over-
come this problem consisted in the use of water-cooled
needles [19, 20]. The direct cooling of the electrodes by
an internal rinsing system reduced the charring, but
prolonged the ablation procedure substantially. An-
other approach to optimize ablation is the interstitial
application of a high-percentage saline solution directly
into the tumor [21–23]. Better tissue conductivity and
larger ablation areas have been the results. However,
charring around the electrodes still occurred, ablation
areas might be irregular, and tumor seeding by tumor
punctures remained as a problem.
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Considering published papers dealing with tissue im-
pedance [3, 15, 17–23], we thought that the efficiency of
the expandable RFA-needle device with open electrodes
could be improved by continuous rinsing of the elec-
trodes with saline solution. Hence, abundant charring
at the electrodes might be prevented, higher energy to
the target tissue might be delivered, and thus a signifi-
cant reduction of the treatment time might result.

Using the RITA Starbust XL needle (RITA Medical
Systems Inc., Mountain View, CA) in conjunction with
the proposed manufacturer’s RFA protocol, the output
power, the length of the exposed hooks, and the target
temperature have to be increased slowly and stepwise
to avoid charring. We found this to be an elaborate
and time-consuming procedure. In practice, the abla-
tion of an area with a diameter of 5 cm lasted about
30 min. Therefore, we began to perform the RFA with

full power (150 W) at once and to perfuse the needle
with saline 0.9% according to a proposed novel
protocol (Table 1).

The purpose of this study was to compare the stan-
dard RFA protocol from RITA Medical System with
a proposed novel RFA protocol with needle perfusion re-
garding time spent on the procedure, completeness of
tumor ablation, and local recurrence rate at the site of
the ablation.

MATERIALS AND METHODS

Patient Selection and Work-Up

The RFA program for the treatment of irresectable tumors confined
to the liver was adopted in 1998. All consecutive patients were pro-
spectively registered in a computerized data base. In the period
between June 1, 2000 and November 30, 2004, a total of 159 liver

TABLE 1

Steps in the Application of the RITA Starburst XL Needle With Perfusion for the Ablation of Liver Tumors

Generator settings:
1. Mode: Power mode
2. Output power: 150W
3. Duration of treatment: 10 min
Perfusion settings:
1. 0.9% saline solution
2. 60 mL/h¼ 1 mL/min
3. The perfusion hose and the needles are

flushed to be free of air
Step 1 Remove the needle from the packaging under sterile conditions
Step 2 Connect the needle to an air-evacuated, sterile infusion device containing 0.9% saline

solution
Step 3 Flush the needle thoroughly with sterile 0.9% saline solution until fluid emerges at the tip.

The hook electrodes are not yet moved out
Step 4 Place the needle in position using ultrasound or CT monitoring while the hook electrodes

remain retracted. Correct placement (distance from the tumor) is effected in accordance
with Table 2

Step 5 Move the hook electrodes out to 2cm
Step 6 � No needle perfusion

� Ablate at 150W until an average temperature of 100�C has been reached at each of the four
measuring electrode tips

Step 7 � Stop radiofrequency application. Retract the hook electrodes.
Step 8 Infuse 1mL of 0.9% saline solution
Step 9 � Start perfusion with 0.9% saline solution at 60mL/h.

�Move hook electrodes out again to 2cm
� Start ablation at 150W

Step 10 �Move the electrodes out as far as the desired maximum exposure, with perfusion
continuing. This is dependent on the size of the tumor (Table 2) In each case, movement is
by 1cm steps as soon as 100�C has been reached

� As soon as the maximum needle electrode exposure has been reached and the average
temperature is 100�C, ablate for 5 min. Monitor impedance continuously. If a rapid rise in
impedance occurs (risk of charring), stop the procedure, fully retract the electrode hooks
again with the needle left in situ, fill the puncture channels with saline solution, and move
the electrode hooks out into position again

Step 11 At the end of ablation:
� Turn to ‘Power Off’
� Stop perfusion
� Retract hooks

Step 12 Track ablation:
� Track Ablation setting is ‘On’
� Activate with pedal
� Retract needle slowly
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tumors were treated during 95 sessions of RFA with the same type of
generator and the same type of RFA-needle with nine expandable
electrodes. Tumors of various origin isolated to the liver were treated
with RFA for the following situations: (1) high surgical risk/critically
small liver remnant, (2) R0-resection of the liver considered impossi-
ble by an experienced hepato-biliary surgeon, (3) small but centrally
sited tumor that would require an extensive liver resection, or (4) ex-
plicit wish of the patient to undergo RFA instead of resection.

For preoperative staging, all patients underwent a three-phase con-
trast enhanced spiral CT (or an MRI) of the abdomen and of the chest.
Tumor sites other than the liver (anastomotic recurrence, a metachro-
nous second colorectal primary) were excluded by colonoscopy in pa-
tients with colorectal primaries in the history and by diagnostic
laparoscopy as well as bone scintigraphy in patients with breast pri-
maries. In hepatocellular carcinoma (HCC), only patients not suitable
for liver transplantation, with cirrhosis Child A or B and with not
more than three nodules, were considered for the RFA treatment.
The neighborhood of liver tumors to major liver vessels was not a con-
traindication for RFA due to the self-protecting cooling effect by
means of the blood stream. Routine laboratory tests were performed,
including liver function tests and tumor-specific markers. Written
informed consent was obtained from all patients.

Techniques of RFA

The goal of the RFA was to get complete tumor necrosis. Therefore,
we always tried to create an ablation area that exceeded the tumor
area for at least 1 cm in all three dimensions. Accordingly, a minimum
ablation area of 3 cm in diameter was usually obtained. During the ra-
diofrequency ablation, no liver inflow occlusion (Pringle maneuver)
was performed.

We used the RITA Starburst XL radiofrequency needle with nine
expandable hooks connected with the generator model 1500 with
maximal output power of 150 W (RITA Medical Systems Inc.). Local
temperature, tissue impedance, power output, and procedure time
were continuously monitored. Two dispersive electrode pads were
placed to each of the patient’s thighs.

During the period from June 2000 to December 2001, tumors were
treated according to the proposed manufacturer’s protocol from RITA
Medical Systems. The treatment was performed expanding stepwise
the needle hooks from 0 to 5 cm and increasing stepwise the output
power of the connected generator, depending on the reached imped-
ance, and to avoid charring around the electrode hooks. Since January
2002, we began to use our proposed protocol with interstitial perfusion
over the RFA needle, but still with exactly the same RITA generator
and the same needle type. Herewith, the needle gets flushed with sa-
line solution 0.9% to wet the tissue surrounding the RFA electrodes
and the full output power of 150 W is applied at once. The precise
placement of the RFA needle and the ablation sequence of the perfu-
sion protocol are dependent on the tumor size, and are carried out as
described in Tables 1 and 2. Lesions beyond 3.5 cm in diameter were
usually treated with multiple overlapping ablations.

For ultrasound-guided placement of the RFA needle, a biopsy ded-
icated probe (Hitachi EUB-6500, EUB-8500 XP, and Hitachi B-514;

Hitachi, Zug, Switzerland) is used, while CT-guided placement is car-
ried out directly under fluoroscopy.

The percutaneous approach was used only if tumors are easily and
clearly delimited using ultrasound or CT scan. No tumors were
treated percutaneously if sited close to the upper abdominal organs
or on the liver surface.

Using ultrasound, progress of the ablation process was monitored,
observing the increasing hyperechoic gas formation due to the heated
tissue at the ablation site. The ablation procedure was continued until
a temperature of 120�C was reached, or until at least 100�C were
reached for at least 5 min, at all six measuring electrode tips. The ab-
lation was regarded as complete once the tumor was completely
within the hyperechoic gas zone in all planes. Analogously using
CT, the ablation of the tumor was considered as complete if no con-
trast enhancing area was present anymore within the tumor and if
the nonenhancing area overlapped the tumor area by at least 1 cm
in all three dimensions where normal liver parenchyma was adjacent.
No additional chemotherapy was started without evidence of recur-
rent disease.

Post-RFA Follow-Up

After the initial treatment, each patient was followed up with blood
tests for liver function, tumor-specific markers, and contrast-
enhanced computed tomography within the first wk as well as after
3, 6, 12, 18, and 24 mo, and then annually, if no clinical or laboratory
signs of recurrence occurred. For patients who did not undergo follow-
up examinations at our clinic, continued contact was established with
the medical practitioner providing CT images and laboratory results.

Local hepatic recurrence after RFA was defined as radiologic and/or
histologic evidence of viable tumor. Radiologic criteria for local recur-
rence appeared anew and enhanced liver lesion within or adjacent to
the ablated liver area, irregular configuration of the ablation margin,
or an increasing size of the ablation area [24, 25].

Statistics

For statistical evaluation, the statistics program WinSTAT for Ex-
cel (Fitch Software, Staufen, Germany) was used. The results were
presented as median values with ranges, or mean values with stan-
dard errors of mean. Qualitative variables were statistically analyzed
using a c2 test or a contingency table. Quantitative variables were an-
alyzed by the Mann-Whitney U test. P< 0.05 was considered as statis-
tically significant.

RESULTS

Fifty-four tumors were treated without perfusion ac-
cording to the standard protocol provided by RITA
Medical Systems, and 105 liver tumors were treated
according to the novel perfusion protocol described
above.

The two groups were homogeneous regarding mal-
e:female ratio, origin of primaries, median tumor size,
number of large tumors, synchronous other surgical in-
terventions, and follow-up time. The only statistically
significant difference between the two groups’ charac-
teristics was the approach used for needle insertion
(Table 3).

The required ablation time was significantly in-
creased in the group treated according to the standard
protocol from RITA Medical Systems without needle
perfusion: the standard group required median

TABLE 2

Correct Placement of the RITA Starburst XL Needle

Tumor size
Distance of needle

tip from tumor
Maximum exposure

of needle electrodes to

<1cm 1cm 3cm
1–2cm 1cm 4cm
2–3cm 1cm 5cm
3–4cm 0.5cm 5cm
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18.9 min per tumor (range 0.2–176 min) for complete
ablation compared with median 8.0 min (range 0.3–
143 min) in the perfusion group (P< 0.001). Omitting
the upper extreme value in both groups, each, the
mean time required was 29.8 min (standard error of
mean 6 35.2 min) in the standard group and 8.3 min
(6 11.4 min) in the group with needle perfusion. Ana-
lyzing the subgroups of tumors within cirrhotic livers,
the median time for complete ablation was 20.6 min
(2.0–167.9 min) in the standard group and 4.5 min
(0.3–110 min) in the perfusion group (P< 0.001), al-
though the median tumor diameter was tendentially
smaller in the standard group than in the perfusion
group (20 mm versus 24 mm, P¼ 0.25).

The rates of incomplete ablations detected at the im-
mediate post-interventional CT-control were compara-
ble in both groups: two out of 54 tumors (3.7%) in the
standard group versus 3 of 105 tumors in the perfusion
group (2.8%) (P¼ 0.78). All five patients with incom-
plete ablations were treated a second time during the
same hospital stay.

The number of recurrences at the ablation site was 6
of 54 (11.1%) in the standard group and 5 of 105 (4.8%)
in the perfusion group. Statistically, this difference was
not significant (P¼ 0.14). No tumor seeding along the
puncture channel could be found in either group during
the follow-up period. No recurrence occurred in tumors

smaller than 3 cm. The median number of required
overlapping ablations cycles for each tumor was one
overlapping cycle in both groups. In addition, the num-
bers of the ablation-related complications were similar
in both groups (2/54 versus 6/105, P¼ 0.18). In the stan-
dard group, we observed two cases of liver abscess. In
the group with perfusion, there were four patients
with liver abscesses, one with biliary fistula, and one
with coagulation necrosis of the colon wall.

DISCUSSION

In the treatment of primary and metastatic liver tu-
mors, liver resection or liver transplantation are cur-
rently considered the first line treatment for those
patients with resectable metastatic disease or limited
HCC, but many patients are not suitable for resection
or transplantation due to comorbidity, tumor location,
or inadequate hepatic reserve. For these patients,
RFA may be an interesting new treatment option, ei-
ther alone or in conjunction with other therapies. The
mechanism of tissue heating by application of RFA is
based on the conversion of electrical into thermal en-
ergy, resulting in coagulation necrosis and cellular
death. The lesion size created with RFA depends on

TABLE 3

Characteristics of Patients and Tumors

Conventional RITA
protocol

Novel protocol with
needle perfusion P value

Number of tumors treated 54 105
Male:female ratio 33:21 66:39 0.83
Origin of primaries
� Colorectal 32 (59.3%) 56 (53.3%) 0.48
� Liver
(hepatocellular carcinomas)

7 (13.0%) 10 (9.5%) 0.51

�Mammary gland 4 (7.4%) 11 (10.5%) 0.53
� Other 11 (20.4%) 28 (26.7%) 0.38

Cirrhotic liver 7 10 0.55
Median size

(diameter) of tumors
in cm

2.1 (0.5–12) 1.9 (0.4–7.7) 0.16

Percentage of tumors >3cm in diameter 29.0 18.9 0.13
Approach
� RF ablation via laparotomy 35 (64.8%) 83 (79.0%) 0.052
� Percutaneous RF ablation 17 (31.5%) 17 (16.2%) 0.03
� RF ablation via laparoscopy 2 (3.7%) 5 (4.8%) 0.76

Synchronous surgery
� Liver resection 9 (16.7%) 10 (9.5%) 0.42
� Removal
of primary

4 (7.4%) 5 (4.8%) 0.49

� Removal
of extrahepatic metastasis

1 (1.9%) 9 (8.6%) 0.10

Median follow-up
time (mo)

27(3–65) 23 (3–57) 0.88
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how much energy in total can be delivered into the tis-
sue in a given period of time [23].

Tissue Conductivity and Impedance

In the present study, we tried to validate our pro-
posed treatment modification with interstitial tumor
perfusion by means of saline solution over a RFA needle
with expandable electrodes. The expandable function of
electrodes, nine in number, significantly increases the
total surface for the release of energy. In addition, along
these inserted electrodes, saline can be instilled to
a larger area of the target tissue. This fluid, containing
electrically conductive ions, enhances the conductivity
of the surrounding tissue [21, 22]. Better conductivity
of the tissue allows application of more energy per
time without provocation of charring around the elec-
trodes. Hereby, the saline solution might continuously
wet the target tissue and avoid tissue desiccation.
Therefore, the applied RF-energy rather induces a boil-
ing rather than a carbonization process. Indeed, al-
though we applied the maximum possible output
power immediately at the beginning of the ablation cy-
cles, we rarely had to interrupt the ablation due to
strong increase of the measured impedance, which is
an indirect indicator of charring [23]. Hence, faster en-
ergy release to the tissue and almost no interruptions of
energy release seem to save significant time. Our data
confirms that the ablation time per tumor was reduced
by more than a half by the use of the novel RFA protocol.
This fact is even more pronounced in cirrhotic livers,
probably due to the ‘‘microwave oven’’ effect caused by
the pseudocapsule of hepatocellular carcinomas.

If nevertheless the impedance increases markedly,
we recommend cleaning of the expandable electrodes,
i.e., retracting the hooks with the needle left in situ, fill-
ing the puncture channels with saline solution, and
pushing the electrode hooks into position again. The
cleaning procedure contributes to the continuous appli-
cation of maximum power and permits the creation of
large areas with complete ablation.

Since the patients in the perfusion group were con-
secutive to the patients in the standard group, one
might argue that the reduced time consumption for
the perfusion protocol is due to the advanced learning
curve. However, since we started the RFA program
more than 2 y before the study period, and since the
time necessary only for the ablation process itself and
not for the whole procedure (i.e., approach, exposure
of liver, intraoperative ultrasound, needle insertion un-
der imaging control) was calculated, the demonstrated
saving in time with the novel protocol seems to be real
and representative.

Local Tumor Control

The percentage of incomplete ablations was compara-
ble and below 4% in both groups. In addition, the local
recurrence rate was not significantly different between
the two study groups. Therefore, the acceleration of the
ablation process found in the perfusion group did not
compromise the oncosurgical result. The tendentially
even higher local recurrence rate in the standard group
might be due to the significantly higher rate of percuta-
neous RFA procedures in the standard group compared
with the perfusion group, since the percutaneous tech-
nique of RFA has been reported to lead to a threefold in-
crease of local recurrence in comparison with the open
or laparoscopic approach for all tumor sizes [24].

Accordingly, excluding the percutaneously per-
formed RFAs in both groups, the local recurrence rates
were very similar in both groups: two out of 37 tumors
(5.4%) in the standard group versus four out of 88
tumors (4.5%) in the perfusion group.

Overall, our low local recurrence rate in the perfusion
group might indicate further that RFA according to the
novel perfusion protocol is highly efficient. Given the
median observation time of at least 23 mo in both
groups, our local recurrence rates seem to be reliable,
especially since a meticulous CT follow-up of all pa-
tients was done and since local recurrences of ablated
liver tumors usually are detectable rather early [16,
25, 26].

Morbidity

The treatment-related morbidity in the present se-
ries was comparable to the results reported in a recent
meta-analysis from Mulier et al. [14] and was not signif-
icantly different in both of our two study groups. There-
fore, the enhanced efficiency by means of the novel
needle perfusion technique seems not to be more dan-
gerous with regard to postinterventional complications.

From our patients with postinterventional liver ab-
scess, two patients had an underlying infectious situa-
tion, and one patient has a biliodigestive anastomosis
with probably ascending cholangitis, as promoters of
a liver abscess. Therefore, the indication for RFA needs
to be done with caution in these situations. The creation
of liver necrosis at or near the liver surface may lead to
the development of a biliary fistula. To avoid this com-
plication, the ablation area should not reach the liver
surface and the puncture channel should be set away
from this critical zone. Furthermore, we seal the punc-
ture site with fibrin glue or argon plasma coagulation.

The patient in whom a coagulative necrosis of the
right colonic flexure occurred as a consequence of RFA
suffered from recurrent hepatocellular carcinoma
near the former resection area, in liver segment 6,
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about 2 cm away from the liver surface. The treatment
was performed percutaneously because the tumor was
small and easy to identify. This complication might be
the result of the high temperature reached at the preex-
istent surgical clips at the former resection plane adja-
cent to the injured colon. Therefore, when in any doubt
regarding adjacent organs, RFA should be applied by
open or laparoscopic exposure of the liver, and not by
the percutaneous route.

CONCLUSIONS

Satisfactory local tumor control was achieved with
radiofrequency ablation of liver tumors in the present
series. Based on our data, we propose a novel RFA pro-
tocol comprising a needle perfusion with saline solution
that showed higher efficiency compared with the con-
ventional RFA protocol of the manufacturer. The novel
perfusion protocol for RFA saves significant time with-
out compromising morbidity or local recurrence rate of
liver tumors. With this technical improvement, RFA
may become more attractive for patients and col-
leagues.
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