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Abstract

Purpose: To evaluate the influence of continuous infusion
of acetic acid 50% during radiofrequency ablation (RFA) on
the size of the thermal lesion produced.
Methods: Radiofrequency (RF) was applied to excised
bovine liver by using an expandable needle electrode with
10 retractable tines (LeVeen Needle Electrode, RadioTher-
apeutics, Sunnyvale, CA) connected to a commercially
available RF generator (RF 2000, RadioTherapeutics, Sun-
nyvale, CA). Experiments were performed using three dif-
ferent treatment modalities: RF only (n = 15), RF with
continuous saline 0.9% infusion (n = 15), and RF with
continuous acetic acid 50% infusion (n = 15). RF duration,
power output, tissue impedance, and time to a rapid rise in
impedance were recorded. The ablated lesions were evalu-
ated both macroscopically and histologically.
Results: The ablated lesions appeared as spherical or ellip-
soid, well-demarcated pale areas with a surrounding brown
rim with both RF only and RF plus saline 0.9% infusion. In
contrast, thermolesions generated with RF in combination
with acetic acid 50% infusion were irregular in shape and
the central portion was jelly-like. Mean diameter of the
coagulation necrosis was 22.3 € 2.1 mm (RF only),
29.2 € 4.8 mm (RF + saline 0.9%) and 30.7 € 5.7 mm (RF
+ acetic acid 50%), with a significant increase in the RF plus
saline 0.9% and RF plus acetic acid 50% groups compared
with RF alone. Time to a rapid rise in impedance was sig-
nificantly prolonged in the RF plus saline 0.9% and RF plus
acetic acid 50% groups compared with RF alone.
Conclusions: A combination of RF plus acetic acid 50%
infusion is able to generate larger thermolesions than RF
only or RF combined with saline 0.9% infusion.
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In recent years image-guided percutaneous thermotherapies,
such as radiofrequency ablation (RFA), laser induced ther-
motherapy (LITT), and microwave coagulation therapy
(PMCT), have emerged as promising minimally invasive
treatment modalities for primary and secondary liver neo-
plasms in selected patients [1, 2]. However, all thermoab-
lation techniques are limited by both the volume of the
coagulation necrosis created in one treatment session with-
out needle repositioning and the rate of postinterventional
local recurrence, especially at the margin of the thermole-
sion [2]. Many technical developments and improved
treatment strategies have been attempted to overcome these
limitations [3–7]. Our goal was to evaluate whether simul-
taneous infusion of acetic acid 50% during RFA is able to
increase the coagulation size and whether there are different
effects on the margin of the thermal lesion due to acetic acid
50% that could have an impact on preventing local tumor
recurrence.

Materials and Methods

RFA Setting

All ablations were done using a commercially available RFA unit
(RF 2000, RadioTherapeutics, Sunnyvale, CA) and probes
(LeVeen Needle Electrode, RadioTherapeutics, Sunnyvale, CA).
The radiofrequency (RF) generator operated at 460 kHz and
delivered variable power, up to a maximum of 100 W. It moni-
tored tissue impedance, RF power applied, and time of applica-
tion. The electrodes were hollow, 15-gauge needles equipped
with 10 retractable, curved distal tines that when fully deployed
encompassed an area 2 cm in diameter. As return electrode a
dispersive electrode (Valleylab PolyHesive) plugged into the RF
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generator return receptacles was used in all trials. After con-
necting the needle electrode to the RF generator, the RF gener-
ator was switched on and, for all procedures, output was initially
set to 30 W. Every 60 sec the wattage was increased by 10 W
until 50 W were attained. The power was maintained at 50 W for
5 min or until a rapid rise in impedance which stopped current
flow and the ablation. All experiments were limited to a single-
phase ablation.

Study Design and Ex Vivo Experiments

Bovine livers were obtained from a local butcher, warmed to room
temperature, and placed in a metallic basin. Then a return electrode
was attached to the outer side of the bottom of the metallic basin
and plugged into the RF generator return receptacles. Experiments
were performed using three different treatment modalities:

1. RF only (n = 15)

2. RF with continuous saline 0.9% infusion (n = 15)

3. RF with continuous acetic acid 50% infusion (n = 15).

The RF electrode was inserted at least 2 cm into the ex vivo
liver tissue and held in place by a rigid fixing. An additional
infusion needle with a closed conical tip and three sideholes
(Pflugbeil, Germany) was placed in the liver tissue with its tip
directly adjacent to the RF electrode. According to the study pro-
tocol either saline 0.9% or acetic acid 50% was administered
continuously at a flow rate of 0.5 ml/min during the ablation
procedure.

Documentation and Pathologic Assessment

During the experiments parameters including RF duration, power
output, impedance, and time to a rapid rise in impedance were
monitored. After completion of the experiments, the liver was
sectioned across the ablation site along the needle track. The ab-
lated lesions were examined both macroscopically and histologi-
cally. Visual examination included photographic documentation
and determination of the size and shape of the thermal lesions. The
maximal transverse diameter of each visible thermal lesion was
measured.

For pathologic examination the lesions were carefully excised,
sliced into 5–10 mm sections and fixed in formalin for 1 week.
The specimens then were serially cut into sections 4 lm thick
and embedded in paraffin. Staining with hematoxylin–eosin
followed.

Statistical Analysis

The primary endpoint of the experimental study was lesion
diameter. Secondary endpoints were RF duration, power output,
tissue impedance, and time to a rapid rise in impedance. The
diameter of the coagulation necrosis achieved with RF only was
compared with those achieved with RF in combination with saline
0.9% or acetic acid 50%. Forty-five complete datasets were eval-
uated. The data were displayed as means € standard deviation. The
two-tailed Student's t-test was used to determine statistical signif-
icance. A p value of less than 0.05 was considered statistically
significant. Data analysis was done using SPSS for Windows
(SPSS, Chicago, IL).

Results

The results of the experiments are summarized in Tables 1,
2, and 3.

The ablated lesions generated with RF only and RF in
combination with saline 0.9% both appeared as spherical or
ellipsoid, well-demarcated areas within the liver tissue.
There was a central charred zone with a small cavity cor-
responding to the needle tract surrounded by pale tissue
representing coagulation necrosis. All thermolesions pro-
duced by RF only and RF in combination with saline 0.9%
had a small brownish rim attributed to vascular congestion
encompassing the lesion (Fig. 1). The mean diameter of the
lesions produced with RF only was 22.3 € 2.1 mm (range
18.8–25.5 mm) and for those produced by RF plus saline
0.9% was 29.2 € 4.8 mm (range 21.5–41.4 mm). A rapid
rise in impedance with RF only was registered in all
experiments after a mean RF duration of 1.6 € 0.4 min
(range 1.2–2.5 min). In the RF plus saline 0.9% group a
rapid rise in impedance was found in all but one experiment
with a mean RF duration of 2.9 € 1.2 min (range 1.2–5.00
min).

In contrast, lesions generated with RF together with
acetic acid 50% infusion appeared as irregular-shaped areas
with the central parts being brown and jelly-like. There was
no clear demarcation of the thermolesion and in most cases
only an incomplete brownish rim was present (Fig. 2).
Histologic investigation revealed coagulation necrosis with
incomplete vascular congestion and surrounding areas of
coagulated tissue. The mean diameter of the lesions was
30.7 € 5.7 mm (range 20.9–46.6 mm). A rapid rise in
impedance was documented in all but one experiment with
the mean RF duration being 2.7 € 0.8 min (range 1.6–5.00
min).

Lesion diameters were significantly larger in the RF
plus saline 0.9% and RF plus acetic acid 50% groups
compared with RF alone. There was a tendency toward

Table 1. Coagulation necrosis induced with radiofrequency only

Liver
RF duration
(min)

Maximum power
(W)

Coagulation
diameter (cm)

1 2.5 41 24.1
2 1.5 31 22.8
3 2.1 33 24.4
4 2.3 41 19.8
5 2.4 39 19.7
6 1.5 39 21.0
7 1.5 37 22.3
8 1.3 31 20.0
9 1.4 36 21.6
10 1.5 41 24.6
11 1.3 37 23.4
12 1.2 33 18.8
13 1.5 39 23.9
14 1.5 39 25.5
15 1.2 35 23.1
Min/max 1.15/ 2.45 31/ 41 18.8/ 25.5
Mean € SD 1.6 € 0.4 36.8 € 3.5 22.3 € 2.1
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further enlargement of the thermal lesion when com-
paring the RF plus saline 0.9% and RF plus acetic acid
50% groups. Time to a rapid rise in impedance was
significantly longer in the RF plus saline 0.9% and RF

plus acetic acid 50% groups compared with RF alone.
No difference was observed in RF duration between the
RF plus saline 0.9% and RF plus acetic acid 50%
groups.

Table 3. Coagulation necrosis induced with radiofrequency in combina-
tion with acetic acid 50% infusion

Liver
RF duration
(min)

Maximum
power (W)

Coagulation
diameter (mm)

1 2.6 50 32.0
2 2.6 51 29.5
3 3.2 49 32.0
4 2.3 48 27.3
5 2.5 50 20.9
6 2.1 43 25.1
7 2.0 42 31.7
8 2.5 50 32.2
9 1.6 40 25.5
10 2.0 43 33.0
11 3.2 50 34.2
12 5.0 50 46.6
13 3.1 53 28.4
14 2.5 50 29.6
15 3.6 52 33.1
Min/max 1.6/ 5.0 40/ 53 20.9/ 46.6
Mean € SD 2.7 € 0.8 48 € 4.0 30.7 € 5.7

Table 2. Coagulation necrosis induced with radiofrequency in combination
with saline 0.9% infusion

Liver
RF duration
(min)

Maximum
power (W)

Coagulation
diameter (mm)

1 4.5 76 26.8
2 2.5 50 29.8
3 2.0 40 24.6
4 1.2 39 24.0
5 1.5 40 28.5
6 4.0 50 28.5
7 2.1 45 27.9
8 2.3 50 26.8
9 4.5 52 34.3
10 2.1 42 21.5
11 3.1 61 31.1
12 2.6 50 28.7
13 5.0 52 41.4
14 3.2 54 33.9
15 3.2 49 30.6
Min/max 1.2/ 5.0 39/ 76 21.5/ 41.4
Mean € SD 2.9 € 1.2 50 € 9.4 29.2 € 4.8

Fig. 1. A Thermolesion generated with radiofrequency only, showing a sharp demarcation and the typical peripheral
brownish rim. B Thermolesion generated with radiofrequency and continuous saline 0.9% infusion, showing the same
appearance as lesions created by radiofrequency alone.
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Discussion

Percutaneous RFA will have an important role as an
alternative treatment option of focal liver malignancies [1,
2]. Several clinical trials have outlined the efficacy of RFA
concerning local tumor destruction and control in different
small tumors [8–12]. However, key limitations of this
minimally invasive treatment are the extent of the coagu-
lation necrosis achievable in a single application session
and the rate of local recurrence [13, 14]. In addition to the
effects of different generator algorithms and needle de-
signs, modulation of the biological environment of treated
tissues has been shown to increase the volume of coagu-
lation necrosis [4, 15]. One strategy is to inject saline in
different concentrations into the tissue during RFA. The
mechanisms of actions are alteration of local tissue elec-
trical conductivity and energy deposition with consecutive
increase in tissue heating and coagulation [4]. In addition
liquids create improved tissue heat conduction which also
results in a greater lesion size [5]. The goal of the present
study was to evaluate whether RFA with simultaneous

infusion of a liquid that also has marked antitumoral effect
is able to increase coagulation size, too. The second
intention was to evaluate whether there are different ef-
fects with this combined treatment option, especially
regarding the margin of the thermal lesion compared with
that produced by RF alone or RF plus infusion of saline
0.9%, that might have an impact on preventing local
recurrence. Because acetic acid has been described as a
potential alternative to percutaneous ethanol injection in
the treatment of small hepatocellular carcinomas [16, 17],
we decided to use acetic acid as the fluid agent. Ohnishi et
al. [18] demonstrated acetic acid to be superior to ethanol,
producing a higher degree of necrosis and having more
homogeneous diffusion. The cytotoxic mechanisms of
acetic acid are similar to those of ethanol and include
protein denaturation, and dissolution of basement mem-
branes and interstitial collagen resulting in coagulative
necrosis of tumor cells [19–21]. Acetic acid has the
advantage of infiltrating the septa and capsule of tumors,
whereas ethanol does not. In addition, acetic acid appears
to infiltrate through firm lesions more homogeneously than

Fig. 2. Thermolesion generated with
radiofrequency and continuous acetic acid
50% infusion, showing an incomplete
peripheral rim and diffuse surrounding
coagulation (arrow).
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ethanol and therefore may hold promise in the treatment of
liver metastases too [18, 19]. Our results showed that
combined treatment, RFA plus acetic acid infusion, pro-
duces a significant enlargement of the ablated area com-
pared with RFA alone. The mechanisms of actions are
speculated to be the same as those responsible for modu-
lation of the biological environment which has been
demonstrated with saline in nonperfused livers: (1) alter-
ation of local tissue electrical conductivity and energy
deposition with consecutive increase in tissue heating and
coagulation and (2) improved tissue heat conduction
resulting in a greater coagulation necrosis [4, 5]. It is very
important to differentiate between perfused and nonper-
fused livers because in perfused livers there is another
effect that might contribute to an enlargement of lesion
size: thrombosis of traversing vessels. Acetic acid, like
ethanol, has the potential to induce thrombosis of small
vessels within the ablated area resulting in a reduced heat
sink effect with consecutive enlargement of the thermole-
sion [21, 22]. Compared with RFA plus saline 0.9%, a
further tendency to increase coagulation diameter was
demonstrated with RFA plus acetic acid 50% in our
experiments. On the one hand this might be due to the
limited number of experiments. On the other hand this is
supposed to be due to the fact that acetic acid 50% itself
has a marked cytotoxic effect which leads to a higher rate
of tissue destruction and better diffusion of the liquid [23,
24]. This hypothesis is supported by the different macro-
scopic and microscopic findings in the groups treated with
saline 0.9% or acetic acid 50% in addition to RF. In
particular the margins of the ablated lesions were found to
be irregular-shaped after RF plus acetic acid 50%, unlike
those after RF plus saline 0.9%. Thermal lesions produced
with RF plus simultaneous saline 0.9% infusion showed a
complete brown rim around the central pale area, whereas
lesions produced with RF plus acetic acid 50% infusion in
most cases did not. Histologic investigation revealed
devitalized necrotic lesions with patchy fibrosis not only
within the central parts but also at the margins of the
lesions, the surrounding rings of inflammatory tissue being
incomplete. We conclude that the greater enlargement of
coagulation necrosis after treatment with RFA plus acetic
acid 50% compared with that produced by RF combined
with saline 0.9% is attributable to diffusion of acetic acid
50% to the periphery of the ablated area with consecutive
tissue destruction by the cytotoxic effect of the acid itself.
Because of uneven diffusion of the acetic acid, the margins
of the coagulation necrosis appeared irregular. Our data
compare favorably with those recently published by Lee et
al. [25, 26]. These authors found an enlarged and irregular
shape of the RF thermolesion after tissue modulation with
acetic acid. Concerning the clinical use of combined RF
and acetic acid, one has to consider that the use of acetic
acid could result in thermolesions of an unpredictable size
and shape [26]. Especially in liver tumors, which are
usually spherical lesions, an irregularly shaped ablation

area would not seem to be helpful in achieving complete
tumor necrosis [27].

Conclusion

Our data suggest that RFA combined with infusion of acetic
acid 50% holds the promise to treat even larger tumorous
focal lesions in a single treatment session and to reduce
peripheral local recurrence because of the additional cyto-
toxic effect of acetic acid at the periphery of the thermal
lesion. However, it needs to be considered that acetic acid
50% will not be controllable when used as a tissue modu-
lator during RFA because of its highly cytotoxic effects with
consecutive uneven diffusion. This might result in a lower
rate of complete tumor necrosis and higher rate of compli-
cations in a clinical setting, especially as a result of tissue
destruction of sensitive structures adjacent to the ablated
area. Further experimental evaluation of acetic acid as a
tissue modulator for RFA is mandatory to determine clear
recommendations for its clinical use.
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