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Radiofrequency Ablation of Rabbit 
Liver In Vivo: Effect of the Pringle
Maneuver on Pathologic Changes in Liver
Surrounding the Ablation Zone

Objective: We wished to evaluate the effect of the Pringle maneuver (occlusion
of both the hepatic artery and portal vein) on the pathologic changes in the hepat-
ic vessels, bile ducts and liver parenchyma surrounding the ablation zone in rab-
bit livers. 

Materials and Methods: Radiofrequency (RF) ablation zones were created in
the livers of 24 rabbits in vivo by using a 50-W, 480-kHz monopolar RF generator
and a 15-gauge expandable electrode with four sharp prongs for 7 mins. The tips
of the electrodes were placed in the liver parenchyma near the porta hepatis with
the distal 1 cm of their prongs deployed. Radiofrequency ablation was performed
in the groups with (n=12 rabbits) and without (n=12 rabbits) the Pringle maneu-
ver. Three animals of each group were sacrificed immediately, three days (the
acute phase), seven days (the early subacute phase) and two weeks (the late
subacute phase) after RF ablation. The ablation zones were excised and serial
pathologic changes in the hepatic vessels, bile ducts and liver parenchyma sur-
rounding the ablation zone were evaluated. 

Results: With the Pringle maneuver, portal vein thrombosis was found in three
cases (in the immediate [n=2] and acute phase [n=1]), bile duct dilatation adja-
cent to the ablation zone was found in one case (in the late subacute phase
[n=1]), infarction adjacent to the ablation zone was found in three cases (in the
early subacute [n=2] and late subacute [n=1] phases). None of the above
changes was found in the livers ablated without the Pringle maneuver. On the
microscopic findings, centrilobular congestion, sinusoidal congestion, sinusoidal
platelet and neutrophilic adhesion, and hepatocyte vacuolar and ballooning
changes in liver ablated with Pringle maneuver showed more significant changes
than in those livers ablated without the Pringle maneuver (p < 0.05)

Conclusion: Radiofrequency ablation with the Pringle maneuver created more
severe pathologic changes in the portal vein, bile ducts and liver parenchyma sur-
rounding the ablation zone compared with RF ablation without the Pringle
maneuver. Therefore, we suggest that RF ablation with the Pringle maneuver
should be performed with great caution in order to avoid unwanted thermal injury.

adiofrequency (RF) ablation is a local ablation technique designed to
destroy tumors by heating the cancerous tissue (1). Numerous experi-
mental and clinical studies have suggested that the technique is safe and

effective in treating malignant hepatic tumors (2-13). For RF ablation to be completely
successful, all the malignant tissue should be ablated. The strategy for successful RF
ablation includes ablating an adequate margin, about 0.5-1 cm, of normal hepatic
tissue surrounding the tumor as well as the entire tumor itself (14-18). 

The hepatic inflow seriously limits the ablation zone size and alters its shape by
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creating heat sinks and carrying heat away from the area
of ablation (19-21). The Pringle maneuver (occlusion of
both the hepatic artery and portal vein) alleviated the heat
sink effect associated with perfusion of the hepatic artery
and portal vein and it increased the size of ablation zone
(20, 22-26). However, the Pringle maneuver requires a
laparotomy, which negates the minimal invasiveness
advantage of RF ablation itself, and this invasiveness is an
obvious disadvantage of the Pringle maneuver. 

Since the test animals were sacrificed immediately after
RF ablation in most of the previous animal studies (22-24,
26), any potential changes in hepatic vessels, bile ducts and
liver parenchyma surrounding the ablation zone could not
be assessed in those studies. Its been recently shown that
RF ablation with vascular occlusion increased the risk of
injury of surrounding biliary structures, portal vein or
parenchyma (25), and RF ablation that comes in contact
with the bile duct induced bile duct stenosis or dilatation
(27). In those studies (25, 27), the pathologic changes in
the hepatic vessels, bile ducts and liver parenchyma
surrounding the ablation zone were not fully described. 

The purpose of the present study was to evaluate the
effect of the Pringle maneuver during RF ablation on the
pathologic changes in the hepatic vessels, bile ducts and
liver parenchyma surrounding the ablation zone in rabbit
livers. 

MATERIALS AND METHODS

Animals
Our experimental protocol was approved by the

Institutional Animal Care and Use Committee at our
hospital. Twenty-four New Zealand white rabbits (all
males and 2.6-3.3 kg each, mean weight: 3.0 kg) were
randomly assigned to two treatment groups of 12 rabbits
each: the control group and the experimental group with
temporary occlusion of their portal veins and hepatic
arteries (the Pringle maneuver). All the animals were
handled and cared for in accordance with the recommen-
dations of the National Research Council Guidelines for
the Care and Use of Laboratory Animals. 

Experimental Procedure

A. Surgery
All the rabbits were anesthetized by an intramuscular

injection of 35 mg/kg ketamine hydrochloride (Ketamine;
Yuhan, Seoul, Korea) and 5 mg/kg of xylazine (Rompun;
Bayer Korea, Ansan, Korea). A 22-G x 1-inch IV catheter
was inserted into the dorsal ear vein and the anesthesia
was maintained with an intravenous injection of 17.5

mg/kg of ketamine hydrochloride every 40 minutes.
After an adequate state of anesthesia was achieved, the

epigastrium and back of the rabbits were shaved and steril-
ized, and a grounding pad (13×21 cm) was applied to the
rabbits’back. A midline laparotomy incision was
performed from the xiphisternum to the umbilicus to
expose the liver. The hepatic artery and portal vein were
isolated by using umbilical tape, and they were temporar-
ily occluded with an atraumatic vascular clamp. 

B. RF ablation
Radiofrequency ablation was performed by using a 50-

W, 480-kHz monopolar RF generator (model 500 series;
Radiofrequency Interstitial Thermal Ablation Medical
System, Mountain View, California) and an active expand-
able RF electrode (model 30; Radiofrequency Interstitial
Thermal Ablation Medical System). The RF generator had
instrument displays that indicated the hook temperatures,
tissue impedance value, and treatment time. The RF
electrode consisted of a 15-gauge shaft through which four
sharp prongs, each 0.021 inches in diameter (25 gauge),
could be deployed. When fully extended, the prongs were
in an “umbrella”configuration, with each prong at a 90�
interval and the entire “umbrella”device was 3 cm in
diameter. The electrode was insulated with a 0.1-mm-thick
plastic film and it had a noninsulated 1-cm distal part that
delivered the RF current in addition to the four expandable
electrodes. Each electrode had a thermistor at its tip to
monitor the temperature in the surrounding tissue. In this
study, the tip of the electrode was placed in the liver
within 2 cm from the porta hepatis of the rabbit liver, and
the distal 1 cm of the prongs was then deployed. 

The RF generator was set at 50 W of power and applied
for seven minutes in the mean-temperature-control mode
with a target temperature of 100�C. This mode allowed
the delivery of the maximum power output until the mean
value of the temperatures measured at the tip of the four
electrodes reached the threshold, whereon the generator
maintained this mean temperature by automatically adjust-
ing the power output. Hook temperatures, the tissue
impedance value and treatment time were displayed on
the panel of the RF generator during the procedure. 

Radiofrequency ablation was performed with and without
the Pringle maneuver in 12 rabbit livers. When Pringle
maneuver was applied, the blood flow was restored to the
liver immediately after the cessation of RF ablation.

Data Analysis

A. Analysis of the size and shape of the ablation zones 
Three rabbits of each group were sacrificed immediately,
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and then three rabbits were sacrificed at three days (the
acute phase), seven days (the early subacute phase) and
two weeks (the late subacute phase) after RF ablation by
using an overdose of intravenous ketamine hydrochloride,
and the livers were removed from the rabbits and
examined. 

Specimens of the livers were fixed in a 10% buffered
formalin solution for a minimum of 24 hr for routine
histologic processing. The formalin-fixed specimens were
cut into 5-mm-thick slices at intervals perpendicular to the
RF electrode tract, and they were macroscopically
evaluated by measuring with calipers the maximum and
minimum diameters of the ablation zone perpendicular to
the electrode axis. Depth of ablation zone was measured
along the electrode axis as the sum of the thickness of the
axial sections. Based on previous reports (7, 27), we used
the well-circumscribed central white zone seen on gross
pathological examination to define the coagulation
necrosis. The diameter of ablation zone was measured by
consensus of two radiologists. Assuming that the ablation
zones were spheroid, the volume was calculated by using
the following formula:

Volume (cm3) = 4/3 π(maximum diameter/2)×
(minimum diameter/2)×(depth/2)

The shape of ablation zone was characterized by the
ratio between the maximum and minimum diameter. 

These three dimensions, depth, maximum and minimum

diameters and volume of the ablation zone, and the ratio
between the maximum and minimum diameter were
compared between the two groups with a Mann-Whitney
U test. Significant statistical differences were defined as p
values < 0.05. 

B. Histopathologic analysis
The formalin-fixed slices of livers were evaluated by one

of two pathologists for the gross changes in the hepatic
vessels, bile ducts and the liver parenchyma surrounding
the ablation zones.

Two tissue samples for each case were then embedded in
paraffin, and 6-mm-thick sections were serially cut and
stained with hematoxylin and eosin (H & E) and Masson
trichrome stain. The other pathologist evaluated the
following nine microscopic variables for changes in the
hepatic vessels, bile ducts and liver parenchyma surround-
ing the ablation zone: portal inflammation, portal fibrosis,
portal congestion, centrilobular necrosis, centrilobular
congestion, sinusoidal congestion, sinusoidal platelet and
neutrophilic adhesion, proliferation of bile duct epithelium,
and hepatocyte vacuolar and ballooning changes. The
grades of microscopic variables were rated according to the
following four-point scale: 0, no change; 1, mild change; 2,
moderate change; 3, severe change. 

We compared the grades of microscopic variables
between the two groups by using the Mann-Whitney U
test. Statistically significant differences were defined as p
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Fig. 1. Photographs of gross specimens of rabbit livers resected immediately
after radiofrequency ablation. 
A. Liver ablated without the Pringle maneuver. 
B. Liver ablated with the Pringle maneuver. The ablation zone (arrows) created
with the Pringle maneuver (B) is substantially larger than that (arrows) of the
liver ablated without the Pringle maneuver (A). A

B



values < 0.05. 

RESULTS

Size and Shape of Ablation Zone 
The size in the three dimensions and the volume of the

ablation zones created in rabbit livers with and without the
Pringle maneuver are summarized in Table 1. The ablation
zones created with the Pringle maneuver were significantly
larger in all three dimensions and volumes than those
ablation zones created without the Pringle maneuver: the
mean maximum diameter was 2.8 cm versus 1.9 cm, the
mean minimum diameter was 2.5 cm versus 1.8 cm, the
mean depth was 2.2 cm versus 1.6 cm, and the mean

volume was 8.7 cm3 versus 3.2 cm3, respectively, for the
Pringle maneuver ablation zones versus the standard
ablation zones (all the p values were < 0.05) (Fig. 1). 

The ratio of between the maximum and minimum
diameters for ablation zones created with the Pringle
maneuver (1.21±0.16) was larger than that for the
ablation zones created without the Pringle maneuver (1.08
±0.05) (p = 0.08). The ratio between the maximum and
minimum diameters for five ablation zones created with
the Pringle maneuver was larger than 1.3, which
represents an elliptical shape. The shapes of the RF
ablation zones without the Pringle maneuver were near
spherical with some distortion being noted from the heat
sink effect created by the adjacent large blood vessels.

Gross Pathology
In the Pringle maneuver group, portal vein thrombosis

was found in three cases (in the immediate phase [n=2]
and acute phase [n=1]) (Fig. 2), bile duct dilatation
adjacent to the ablation zone was found in one case (in the
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Fig. 2. Photograph of a gross specimen of a rabbit liver resected
three days (in the acute phase) after radiofrequency ablation with
the Pringle maneuver. The dissected liver shows portal vein
thrombosis (thin arrows) adjacent to the ablation zone (arrows).

Fig. 3. Gross specimen (A) and microphotograph (B) of a rabbit liver resected two weeks (in the late subacute phase) after radiofre-
quency ablation with the Pringle maneuver. 
A. Gross specimen shows tortuous dilatation of the bile duct (thin arrows) adjacent to the ablation zone (arrows). 
B. Microphotograph (H & E, ×40) shows the markedly dilated bile duct (arrows).

A B

Table 1. Three Dimensions and Volume of Ablation Zones
Created in Rabbit Livers with and without Pringle
Maneuver

Dimension (cm)
No Pringle Pringle 

(n=12) (n=12)
p values*

Mean maximum diameter (cm) 1.9±0.4 2.8±0.4 < 0.05
Mean minimum diameter (cm) 1.8±0.4 2.5±0.5 < 0.05
Mean depth (cm) 1.6±0.4 2.2±0.4 < 0.05
Mean volume (cm3) 3.2±1.8 8.7±5.1 < 0.05

Note.─ *p values from Mann-Whitney U test 



late subacute phase [n=1]) (Fig. 3), and infarction adjacent
to the ablation zone was found in three cases (in the early
subacute phase [n=2] and late subacute [n=1] phase) (Fig.
4). None of the above changes was observed in the livers
ablated without the Pringle maneuver.

Microscopic Pathology
The mean grades of the microscopic variables surround-

ing the ablation zones created in the rabbit livers with and
without the Pringle maneuver are summarized in Table 2.
Centrilobular congestion, sinusoidal congestion, sinusoidal

platelet and neutrophilic adhesion, and hepatocyte
vacuolar and ballooning changes in livers ablated with the
Pringle maneuver showed more significant changes than
those changes observed in livers ablated without the
Pringle maneuver (p < 0.05) (Fig. 5). The bile duct epithe-
lium was mildly proliferated in two cases of livers ablated
with the Pringle maneuver (Fig. 6), while the bile duct
epithelium was normal in livers ablated without the Pringle
maneuver. The mean grade of centrilobular necrosis
between the two groups was similar, but the extent of
centrilobular necrosis in livers ablated with the Pringle
maneuver was significantly larger than that in the livers
ablated without the Pringle maneuver (p < 0.05).

The mean grades of the microscopic variables surround-
ing the ablation zones created in the rabbit livers with the
Pringle maneuver in each phase are summarized in Table
3. Portal congestion in livers ablated with the Pringle
maneuver at the immediate and acute phases showed more
significant changes than that in those livers at the early and
late subacute phases (Fig. 7). Centrilobular necrosis in
livers ablated with the Pringle maneuver at the early and
late subacute phases showed more significant changes than
the changes in those livers at the immediate and acute
phase.

DISCUSSION

The goal of RF ablation is to consistently produce a zone
of necrosis large enough to encompass the hepatic tumor
with an appropriate safety margin of ablated normal tissue.

Kim et al.
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Fig. 4. Fresh gross specimen (A) and microphotograph (B) of a rabbit liver resected seven days (in the early subacute phase) after
radiofrequency ablation with the Pringle maneuver. 
A. Fresh gross specimen shows a wedge shape infarction (thin arrows) adjacent to the ablation zone (arrows).
B. Microphotograph (H & E, ×100) of the infarction exhibits coagulative necrosis of the hepatocytes with loss of nuclei and preservation
of the general tissue architecture.

A B

Table 2. Mean Grades of the Microscopic Variables of the
Surrounding Ablation Zones Created in Rabbit
Livers with and without the Pringle Maneuver

Microscopic Variables
No Pringle Pringle 

(n=12) (n=12)
p values*

Portal inflammation 1.2 1.2 NS
Portal fibrosis 0.2 0.4 NS
Portal congestion 0.1 0.3 NS
Centrilobular necrosis 2.1 2.0 NS
Centrilobular congestion 0.1 0.5 0.021
Sinusoidal congestion 0.1 0.3 0.048
Sinusoidal platelet and  0.2 0.5 0.040

neutrophilic adhesion
Proliferation of bile duct epithelium 0 0.1 NS
Hepatocyte vacuolar, 0.5 0.9 0.039

ballooning change 

Note.─ * p values from Mann-Whitney U test 
NS: not significant



The size of the resulting necrosis is determined by a variety
of factors, including the electrode size and gauge, ablation
temperature and duration, and these factors have been
extensively studied (28). An adequate ablative margin of
at least 0.5 cm of normal hepatic tissue surrounding the
tumor is ideal to decrease the residual unablated tumor or
local tumor progression (14-18). 

The Pringle maneuver, which is a temporal occlusion of
the hepatic artery and portal vein, can be obtained by
compressing the hepatoduodenal ligament with the fingers
or by a vascular clamp. The safe hepatic ischemic time is
difficult to determine under the variable conditions of
shock, hypovolemia and hypothermia. Therefore, periodic

release of the occluded portal triad is best done every 15 to
30 minutes to allow for hepatic perfusion (29).

The hepatic inflow seriously limits the ablation zone size
and it can alter the shape of the ablation zone due to the
heat sink effect of blood flow (20, 21). Several investiga-
tors have claimed that the size of the ablation zone can be
increased by means of occlusion of hepatic inflow (20, 22-
26). Our investigation of the Pringle maneuver also
revealed that the ablation zones created with the Pringle
maneuver were significantly larger on all three dimensions
and volume than those ablation zones created without the
Pringle maneuver. The Pringle maneuver helps overcome
the heat sink effect of tissue perfusion and thereby
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Fig. 5. Microphotographs (H & E, ×100) of the resected specimens obtained immediately after radiofrequency ablation. The microphoto-
graph of the specimen ablated with the Pringle maneuver (B) shows the distended central vein (arrows) and sinusoids (thin arrows),
suggesting congestion, while the central vein (arrows) and sinusoids are normal in the liver ablated without the Pringle maneuver (A).

A B

Fig. 6. Microphotographs (H & E, ×400) of resected specimens obtained immediately after radiofrequency ablation. The microphoto-
graph of the liver specimen ablated with the Pringle maneuver (B) shows mild proliferation of bile duct epithelium (arrows), whereas it is
normal (arrows) in the liver ablated without the Pringle maneuver (A).

A B



increases the size of ablation zone (20, 22-26). Compared
to RF ablations performed with normal perfusion, RF
ablations performed with occlusion of the hepatic inflow,
such as with using the Pringle maneuver, have superior
size and shape, and this improvement for the ablation
geometry translates into greater tumor-free margins. In our
study, five ablation zones created with the Pringle
maneuver were elliptical shaped and these shapes may
have been due to the surrounding infarction or the zones’
close proximity to the liver surface.

The combination of RF ablation and hepatic artery
occlusion would seem feasible to achieve in a clinical
setting (30). Temporary occlusion of the hepatic artery can
be accomplished by balloon occlusion during RF ablation.
Hepatic artery occlusion can also be accomplished with
selective transarterial chemoembolization before RF

ablation, which would have the added benefit of treating
the tumor with both heat and high concentrations of
chemotherapy. To embolize or inflate a balloon in the
hepatic artery is simpler and less prone to complication
than to introduce a balloon in the portal vein through a
transhepatic approach. 

When used for short periods of time, the Pringle
maneuver is considered to be safe during hepatic resection
(31, 32). Blood inflow protects the integrity of the vascular
and biliary structures during RF ablation, and the Pringle
maneuver combined with RF ablation may result in
injuries to the blood vessels or bile ducts (20, 31, 32). Two
cases of vascular injury have been reported following
intraoperative RF ablation with the Pringle maneuver (33,
34). On the other hand, Curley et al. (8) found no vascular
or biliary injuries in 92 patients who underwent intraoper-
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Fig. 7. Microphotographs (H & E, ×100) of resected specimens obtained after radiofrequency ablation with the Pringle maneuver. The
microphotograph of the resected specimen obtained immediately after ablation (A) shows the distended portal vein (arrows), suggesting
congestion, while the portal vein (arrows) is normal in the specimen obtained two weeks after ablation (B).

A B

Table 3. Mean Grades of the Microscopic Variables of the Surrounding Ablation Zones Created in Rabbit Livers with the
Pringle Maneuver during the Immediate and Acute Phase and during the Early and Late Subacute Phases

Microscopic Variables Immediate and Acute Phases (n=6) Early and Late Subacute Phases (n=6) p values*

Portal inflammation 1.3 1.1 NS
Portal fibrosis 0.5 0.3 NS
Portal congestion 0.6 0.0 0.025
Centrilobular necrosis 1.1 2.9 0.002
Centrilobular congestion 0.7 0.3 NS
Sinusoidal congestion 0.3 0.4 NS
Sinusoidal platelet and neutrophilic adhesion 0.4 0.7 NS
Proliferation of bile duct epithelium 0.1 0.0 NS
Hepatocyte vacuolar, ballooning change 1.0 0.8 NS

Note.─ *p values from Mann-Whitney U test 
NS: not significant



ative RF ablation using the Pringle maneuver (median
follow-up: 15 months). Any direct thermal injuries may
affect the vascular or biliary structures adjacent to the
ablation zone. Therefore, RF ablation should be performed
with caution in treating the tumors near the major vascular
and biliary structures.

In a recent animal study (25), biliary stenosis was found
in four cases (two arterial occlusions, one portal occlusion,
and one arterioportal occlusion). In another recent animal
study (27), biliary stenosis, with or without upstream bile
duct dilatation, or complete interruption of the bile duct
were observed with the use of RF ablation. In our study,
bile duct dilatation adjacent to the ablation zone was found
in one case that was ablated with the Pringle maneuver.
Because we did not perform ex-vivo cholangiograms using
direct intubation of the main bile duct, the bile duct
changes may have been underestimated compared with the
above previous study (25). On microscopic examination,
mild proliferation of bile duct epithelium was found in two
cases of livers ablated with the Pringle maneuver (Fig. 5),
while the bile duct epithelium was normal in livers ablated
without the Pringle maneuver. Portal tract damage such as
occlusion of the hepatic inflow can induce proliferation of
the duct epithelial cells and also looping and reduplication
of bile ducts (35).

Two cases of portal vein thrombosis have been reported
following intraoperative RF ablation with the Pringle
maneuver (32, 33). In a recent animal study (25), partial
portal vein thrombosis adjacent to the ablation zone was
found via ultrasound in one case of portal occlusion during
RF ablation and this resolved two weeks after ablation.
Our study also showed similar results with portal vein
thrombosis being found in three cases using the Pringle
maneuver (in the immediate [n=2] and in the acute phase
[n=1]) whereas no portal vein thrombosis was found in the
livers ablated without the Pringle maneuver. Moreover,
none was found in livers at the early and late subacute
phases. On microscopic examination, portal congestion in
the livers ablated with the Pringle maneuver at the
immediate and acute phases showed more significant
changes than that in those livers at the early and late
subacute phases. These results may suggest that occlusion
of hepatic inflow may cause portal vein thrombosis at the
immediate and acute phase, but the later continuous blood
flow to the portal vein may wash out the thrombosis. 

In a recent animal study (25), ischemic damage of the
liver parenchyma adjacent to the ablation zone was found
in two cases using arterioportal occlusion. The liver surface
peripheral to the ablation zone displayed a pale, wedge-
shaped area starting from the ablation zone to the periph-
ery of the liver. Our study also showed similar results:

infarctions in the liver adjacent to the ablation zones were
found in three cases with the Pringle maneuver (in the
early subacute [n=2] and late subacute [n=1] phases) (Fig.
4). These infarctions may have been due to combination of
ischemia and heating, and they may become apparent
during the subacute phase. On microscopic examination,
this type of infarction exhibited ischemic coagulative
necrosis of the hepatocytes with loss of nuclei and preser-
vation of the general tissue architecture (Fig. 4B). 

On microscopic examination, centrilobular and
sinusoidal congestion were more severe in the livers
ablated with the Pringle maneuver. These results may
suggest that RF ablation with the Pringle maneuver causes
more severe microvascular change or injury. Sinusoidal
platelet and neutrophilic adhesion represents the inflam-
matory reaction and more severe inflammatory reaction
was seen in livers ablated with the Pringle maneuver.
Hepatocyte vacuolar and ballooning changes represent the
damage from toxic insult such as thermal injury, and more
severe damage was seen in livers ablated with the Pringle
maneuver (36). 

Occlusion of hepatic inflow, as during the Pringle
maneuver, may not be necessary for RF ablations of all
liver tumors, but it is a possible option for treating large or
highly vascular tumors or those tumors in close proximity
to the large blood vessels. However, RF ablation combined
with the Pringle maneuver should be performed with
caution because any direct thermal injuries may affect the
vascular or biliary structures, or the liver parenchyma
adjacent to the ablation zone. 

Our study had several limitations. First, because we did
not use imaging guidance for the RF ablation, the exact
placement of electrodes in the same area of the liver near
the porta hepatis was impossible, although we tried to
place the tip of the electrode into the liver within 2 cm
from the porta hepatis. 

Second, rabbit livers are small and so we restricted the
power and time of the RF energy to a lower level as
compared to the true human clinical parameters (2-13).
Therefore, the effect of the Pringle maneuver during RF
ablation on the pathologic changes in the hepatic vessels,
bile ducts and liver parenchyma surrounding the ablation
zone might have been underestimated.

Third, all the recent RF devices use more powerful
generators capable of producing 150-200 W, whereas we
used a 50-W generator, which might not have been strong
enough to overcome cooling of the perfused tissue gaps
between the prongs (22) and therefore, this may have
produced less effect on hepatic vessels, bile ducts and liver
parenchyma surrounding the ablation zone. More changes
in these structures may have been observed if we had
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performed the study with a high power generator.
Fourth, because we performed neither a direct cholan-

giogram nor a portogram, the changes in the portal vein
and bile ducts might have been underestimated. 

In conclusion, the Pringle maneuver used during RF
ablation demonstrated more severe pathologic changes in
the portal veins and bile ducts, and also more severe
parenchymal changes surrounding the ablation zone.
Therefore, although further experimental and clinical
studies are needed for confirmation, RF ablation with the
Pringle maneuver should be performed with great caution
to avoid the unwanted thermal damage to blood vessels
and bile ducts, and especially performing ablation with
more powerful generators and larger electrodes. 
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