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Prevention of Biliary Lesions That May Occur During
Radiofrequency Ablation of the Liver

Study on the Pig

Frédéric Marchal, MD,* Dominique Elias, MD, PhD,† Philippe Rauch, MD,* Rasa Zarnegar, MD,‡
Agnès Leroux, MD,§ Joseph Stines, MD,� Jean-Luc Verhaeghe, MD,* François Guillemin, MD, PhD,*

Jean Pierre Carteaux, MD, PhD,¶ and Jean Pierre Villemot, MD, PhD¶

Objective: To prevent bile duct injury by using a cold 5% glucose
isotonic solution cooling in the bile ducts when radiofrequency (RF)
is performed in a porcine model.
Summary Background Data: Complications that may arise during
liver RF ablation include biliary stenosis and abscesses.
Methods: The RITA 1500 generator was used for the experiments.
Two lesions were performed in the left liver. The pigs were killed 1
or 3 weeks after the procedure. An ex vivo cholangiogram was
obtained by direct injection into the main bile duct. Samples of RF
lesions, of liver parenchyma near and at a distance from the RF
lesions, underwent pathologic studies. Two groups of 20 pigs each
were treated: one without perfusion of the bile ducts and the other
with perfusion of cold 5% glucose isotonic solution into the bile
ducts. The Pringle maneuver was used in 50% of the RF procedures.
Radiologic lesions were classified as biliary stenosis, complete
interruption of the bile duct, or extravasation of the radiologic
contrast liquid.
Results: Histologic lesions of the bile ducts were observed near the
ablated RF lesion site and at a distance from the RF lesions when a
Pringle maneuver was performed. Radiologic and histologic lesions
of the bile ducts were significantly reduced (P � 0.0001) when the
bile ducts were cooled.
Conclusions: Cooling of the bile ducts with a cold 5% glucose
isotonic solution significantly protects the intrahepatic bile ducts
from damages caused by the heat generated by RF when performed
close to the bile ducts.

(Ann Surg 2006;243: 82–88)

Radiofrequency (RF) ablation is a new technique used to
destroy locally malignant hepatic tumors. The RF current

is a high frequency sinusoidal current (400–500 kHz) that
produces ionic agitation and results in frictional heat, distrib-
uted by conduction into the tissue about the electrode.1 At a
temperatures near 60°C, the intracellular proteins and colla-
gen are denatured, lipids are dissolved, and cellular death
becomes irreversible. Coagulation starts at 70°C and tissue
desiccation at 100°C, thus causing coagulation necrosis of the
tumor tissue and the surrounding parenchyma.2–4 The mor-
bidity rate of this technique varies according to the studies
from 3% to 14%.1,5–9 The bile ducts cannot withstand the
heating effect, leading to either ductal stenosis with dilation
of the upper bile duct or abscess formation.10,11 Most authors
recommend a minimal distance of 1.5 to 2 cm, from a
proximal intrahepatic bile duct, to perform RF ablation with-
out any risk.1,12–14

An experimental model was designed for secondary
biliary lesions in pig.15 RF ablation in proximity to the bile
duct consistently induced radiologic and histologic lesions.
The radiologic lesions observed were either biliary stenosis
with upstream dilation or complete interruption of the bile
duct, or destruction of the bile duct with extravasation of
contrast. Histologic examination showed desquamation of the
biliary epithelium associated with destruction of the biliary
duct wall. The aim of this study was to evaluate the role of
bile ducts cold 5% glucose perfusion during RF ablation on
secondary post-RF biliary lesions.

MATERIALS AND METHODS

Animals
Forty-four pigs French hybrid 54 EYL (Einville aux

Jards, France 54 EYL), 12 to 14 weeks old, with an average
weight of 32.8 � 2.1 kg (range, 22–44.5 kg) were used. All
animals received care in accordance with French legal re-
quirements. All procedures were performed in the laboratory
for experimental surgery (UPRES EA 2403) of the Faculty of
Medicine in Nancy (54500 Vandoeuvre-lès-Nancy). Upon
arrival, each group of pigs were kept in sheds for 7 days prior
to any experiment.
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The animals were divided into 8 groups of pigs. Groups
1 to 4 were selected to the experimental model of intrahepatic
lesions and groups 5 to 8 to the experimental model with
cooling of the hepatic duct. The characteristics of each group
are reported in Table 1.

Animal Preparation and Anesthesia
Twenty-four hours before and after RF, the food in-

take of the animal was restricted with free access to water.
The animals were premedicated by injecting intramuscular
ketamine hydrochloride (Ketalar, Parke-Davis, Courbevoie,
France), midazolam (Hypnovel, Roche, Neuilly-sur-Seine,
France), and atropine sulfate (Atropine Laboratory Aquettant,
Aquettant, Lyon, France) at respective doses of 22 mg/kg, 1.5
mg/kg, and 0.25 mg. A 6.5-French catheter (Willy Rusch,
Waiblingen, Germany) was placed on an ear vein. A dose of
2 mg/kg of 1% propofol (Diprivan, AstraZeneca, Rueil Mal-
maiso, France) was administered just before intubation. The
pig was in a dorsal decubitus position.

Anesthesia was maintained with halothane (Halothane
Belamont, Belamont, Paris, France) concentrated at 1.5%.
Ventilation was performed with a respirator Monal A type
(Compagnie Française de Produits Oxygène, Paris, France)
with a 50% air/oxygen mix. The tidal volume was 15 mL/kg
with a respiratory rate of 18 to 20; 750 mg of cefamandol
(Kefandol, Lilly France, St. Cloud, France) was given intrave-
nously prior to the cutaneous incision, with a second identical
dose of cefamandol being injected during the closure of the
laparotomy. One gram of paracetamol (Pro-dafalgan, Upsa,
Agen, France) was administrated 20 minutes before the
end of the surgical procedure by intravenous slow perfu-
sion, for postoperative analgesia. Monitoring during anes-
thesia and wake-up was monitored with ECG from Hewlett
Packard 78353A (Agilent Technology, Palo Alto, CA).

Surgical Procedure
A 15-cm median laparotomy was performed from the

xiphoı̈d process. The hepatic pedicle was isolated on lace
when clamping was programmed (hepatic artery and portal
vein). The common bile duct was dissected when a chole-
dochotomy was planned; 7.5 MHz linear probe was used to
localize the intrahepatic bile ducts (Focus linear small parts
probe, Siemens, Erlangen, Germany). The probe was con-
nected to a Sonoline SL-2 ultrasound machine (Siemens,
Erlangen, Germany). The RF electrode was placed under
ultrasound imaging in contact with a bile duct. Every main

bile ducts in pig liver are parallel to and in contact with the
vessels of the portal system and the hepatic arterial system.16

At the end of the procedure, ultrasound imaging confirmed
that the ablated zone overlaps the intrahepatic bile duct. Two
lesions were created in each liver: one on the medial left lobe
and another on the lateral left lobe. After placing the elec-
trode accurately, the RF procedure was activated. The needle
array was deployed to 2 cm, power was set at 50 W, and the
target temperature was set at 80°C for a period of 5.5 minutes.
Thirty seconds after the end of this first period, the electrode
arrays were deployed to 3 cm, the power was set at 70 W, and
target temperature at 105°C for a period of 5 minutes. Thirty
seconds after the end of this second period, the temperatures
displayed on the generator was expected to be greater than
60°C to validate the procedure.17 This protocol is recom-
mended by the manufacturer of the RF device for a 3-cm
tumor ablation in humans.

Cooling of the bile duct was performed by perfusing
cold 5% glucose solution (Fresenius Kabi France, Sèvres,
France). A transverse choledochotomy enabled the placement
of a Seldicath 4F (Plastimed, Saint-Lieu-la-Forêt, France)
catheter (4 cm long, section 1.3 mm) that was pushed into the
common hepatic bile duct in the hepatic hilum. Selective
catheterization, of the left or right hepatic bile ducts, was not
performed. The diameter of the intrahepatic bile duct in a
40-kg pig was too small to move the catheter up the bile
ducts. Second, the left and right intrahepatic bile ducts in pigs
do not join in one left bile duct or one right bile duct, and
every bile duct flows separately into the common bile duct.
The right bile ducts flow into the common bile duct forming
a 90° angle. The left bile ducts meet in a very short, left bile
duct with a wider angle. We consequently chose to create 2
lesions on the left liver lobe to have a better cooling quality.
The catheter was connected to a 1-L pouch of 5% glucose
isotonic solution, connected via a perfusion set with stop cock
(Codan, Lensahm, Germany). Through the stop cock, sam-
ples of the serum glucose, and temperature measurements
could be performed. The isotonic glucose was introduced
using a pressure infusor (Infusable Vital Signs, Barnham,
UK) allowing fluid delivery control at exactly 90 mL/min.
We used 2 pouches per RF procedure. Each procedure lasted
15 minutes, and cooling of the bile ducts was initiated 5
minutes prior to the RF procedure, thereby providing a total
cooling time of 20 minutes. The isotonic glucose solution
pouches were exchanged before they were completely

TABLE 1. Characteristics for the 8 Pig Groups According to Pedicle Clamping, With or Without Cooling of the Intrahepatic
Ducts and the Date of Death

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8

No pedicle clamping X X X X

Pedicle clamping X X X X

No biliary cooling X X X X

Biliary cooling X X X X

Death after 1 wk X X X X

Death after 3 wk X X X X
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emptied. We used 900 mL per pouch: 1800 mL/20 minutes �
90 mL/min. The catheter was fixed at the peritoneum of the
hepatic pedicle with a polyamide monofilament 3.0 stitches
(Ethilon Johnson&Johnson, Brussels, Belgium). The bile
and the glucose solution were drained through the chole-
dochotomy and removed from the peritoneal cavity. The
choledochotomy was sutured with separate stitches with a
polypropylene 1.0 suture (Prolène Johnson&Johnson, Brus-
sels, Belgium). When the pedicle was clamped using the
Pringle maneuver, it was maintained during the 2 RF proce-
dures.

RF System
The RITA 1500: RF generator (RITA Medical Sys-

tems, Inc., Mountain View, CA) is a monopolar system rated
at 460 kHz 150 W at 50 ohms. Two dispersive electrodes
were placed on the anterior face of the pig back legs. We used
a Starburst XL (RITA Medical Systems, Inc.) 15 gauge, 15
cm length with 7 retractable arrays. The needle is insulated on
its whole length except the distal 0.5 cm of the tip, allowing
us to ablate the needle track when retracting the electrode at
the end of the procedure. Four of the 7 electrode arrays have
thermocouples that monitor tissue temperature in real time.
Impedance of the necrotic zone and the power delivered by
the generator were displayed in real time on the generator
screen. The preoperative settings of the generator (target
temperature, impedance, power delivery, time set, control
mode, thermocouple selection) were saved on the computer.
The RITA generator adjusted the power delivery according to
the tissue impedance (the power delivery decreased when the
impedance increased) and according to the target tempera-
tures set for the thermocouples situated at the tip of 4 of the
7 arrays that were deployed in the liver. The generator
delivered the maximum set power until the target tempera-
ture was reached and then automatically adjusted the power
to maintain the target temperature at the tip of the 4 thermo-
couples.16 The generator calculates the average tempera-
ture in the ablation zone. When one of the 4 thermocouples
was placed into contact with or inside a cooled hepatic duct,
the temperature did not rise over 45°C to 50°C. In such cases,
the electrode was removed from the algorithm. As soon as the
target temperature was reached, the countdown started.

Temperature Measurement
The temperature of the perfusion liquid was measured

as it came out of the refrigerator during setup, and as it was
removed from the catheter. A thermocouple thermometry
sensor (Digi-Sense Cole Parmer Instrument Company, Chi-
cago, IL) was used for this purpose.

Liver Removal
The pig was premedicated using the same procedure

described for the RF application. The death was performed
by intravenous injection of 500 mg of thiopental sodium
(Penthotal Abbot, Rungis, France) with 4 mg pancuronium
bromide (Pavulon, Laboratories Rion, Rion, France), fol-
lowed by the injection of 20 mL of potassium chloride at 10%
(Fresenius Kabi, Sèvres, France).

Data Analyses
Radiologic Study

A cholangiography was performed immediately after
the liver removal. A cholangiographic drain 10-French and
25 cm long (Pedinelli, Porgès, Le Plessis Robinson, France)
was placed into the common bile duct. The cholangiography
was performed by injecting ioxalate sodium and meglumine
concentrated at 320 mg of iodine per milliliter (Hexabrix,
Guerbet, Aulnay-sous-Bois, France). Two milliliters of eth-
ylene blue dye at 1% (Renaudin, Itxassou, France) was also
added. The ethylene blue dye allowed viewing of the bile
ducts during the histologic microscopic dissection prior to
fixing. By studying the cholangiograms, we could determine
whether there was a biliary lesion at the ablated zone, with or
without any impact on the upper bile duct causing dilation.
Biliary stenosis was defined by the ratio equal or less than
50% of the diameter of the ablated zone over the diameter of
the bile duct situated close to the inferior ablated zone.

Histologic Study
Each hepatic lesion was sectioned transversally. Ne-

crotic lesion dimensions were determined by caliper measure-
ments. The volume of each necrotic lesion was calculated
using the following formula: V � 4/3 � � � (a/2) � (b/2) �
(c/2) (where a is the longitudinal diameter, b is the short
diameter, and c is the thickness). The hepatic sample was
fixed with alcoholic Bouin liquid (Dubosq-Brasil, Elvetec
Services, Genas, France) for 24 hours. The studies focused on
the ablated lesions, at the periphery of these lesions, up and
down the bile ducts in contact with the lesions, and at a
distance from the lesions on the left liver and on the right
liver. The samples were fixed in paraffin and then cut up in
series of 6 �m. They were colored with saffron hematoxylin
and eosin before microscopic analysis.

Statistic Tests
Data are given as mean values � SEM. The pigs that

died before the hepatic removal were excluded except for the
mortality criteria. The effective comparison was made by the
�2 test and the average comparison using the Mann-Whitney
U test. The significance level for all tests was fixed at P �
0.05. Statistical analysis was done using BMDP software
(BMDP Statistical Software, Inc., Los Angeles, CA).

RESULTS

Postoperative Complications
Four pigs died (9%) before the end of follow-up. The

first died 15 days after the experiment, after a fight with other
pigs. Hepatic removal was not performed because of the
decomposition of the cadaver. The second one died 4 days
after the experiment, probably due to prolonged hepatic
clamping considering its weight. During the autopsy, no
peritonitis was detected, but the liver showed signs of isch-
emia. The third pig was found dead 6 days after the experi-
ment. It had tracheal injury during intubation resulting in
subcutaneous emphysema. Upon awakening and during the
first few days after the experiment, the injury did not cause
any problems and the autopsy did not show any signs of
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peritonitis or ischemia. The fourth pig died during the exper-
iment from preoperative cardiac disorders (tachycardia, fi-
brillation, and heart failure) secondary to a malignant hyper-
thermia of the halothane. The histologic study of the excised
liver showed a shocked liver with diffused distress to the
hepatic cells. These 4 pigs were excluded from the radiologic
and histologic analysis.

The morbidity rate was 12.5%: 4 subcutaneous ab-
scesses and 1 biliary peritonitis. The biliary peritonitis, sec-
ondary to a leak of the choledochotomy suture, was detected
when the liver was removed 1 week after the experiment.

The Cooling Impact on the Volume of Necrosis
The average necrosis volume after RF ablation (Fig. 1)

after 1 week and after 3 weeks were 16.4 � 4.8 cm3 and

7.7 � 2.8 cm3 (P � 0.001), respectively. The average volume
of necrosis was 6.2 � 1.4 cm3 without clamping and 17.9 �
5.1 cm3 with clamping (P � 0.0005). The necrotic volume
was 14.1 � 5.1 cm3 without cooling and 10 � 2.7 cm3 with
cooling of the bile ducts (P � 0.9, not significant). The
average temperature at the beginning of the perfusion was
7.1°C � 0.8°C with extremes from 2°C to 13°C. The average
temperature at the end of the perfusion was 10.1°C � 0.8°C
(SD � 2.6°C) with extremes from 5.5°C to 16.5°C.

The Cooling Impact on the Radiologic Study
We observed that cooling of the bile ducts strongly

influenced the radiologic lesions (Table 2). We observed 36
radiologic lesions (90%) among 40 liver ablations without
bile ducts cooling and 7 lesions (18%) with bile ducts cool-
ing. Furthermore, no radiologic lesion was observed at dis-
tance from the ablated zone when the bile ducts were cooled.
Radiologic lesions according to cooling of the intrahepatic
ducts and pedicle clamping are reported in Table 3. The
clamping of the hepatic pedicle and the date of removal of the
liver did not influence radiologic biliary lesions.

Cooling Impact on Histologic Studies
We observed that cooling of the bile ducts strongly

influenced the histologic lesions (Table 4). We observed 38
histologic lesions (95%) among 40 ablations without cooling
of the bile ducts and 5 histologic lesions with cooling of the
bile ducts (13%). We observed no histologic lesions at dis-
tance from the ablated zone when the cooling of the bile ducts
was performed during the ablation independent of clamping
of the pedicle.

The histologic study of the necrotic zones with cooling
of the bile ducts showed a certain lack of homogeneity of
the necrosis. The necrotic zones in contact with the cooled
bile duct were incomplete. Cells structure persisted, but they
were not functional since the intracellular cytoplasmic struc-
ture had coagulated (Fig. 2A). The necrosis at the center of
the lesion was total (Fig. 2B). This lack of homogeneity was
only observed when the cooling of the bile duct without
clamping of the pedicle was performed. When clamping and
cooling were performed, the necrosis was total and accurate,
with persistence of some phantoms of cell nucleus.

When the bile duct was cooled (with or without clamp-
ing), the histologic study of the bile duct in contact with the
necrotic area showed that the integrity of the bile duct had
been preserved in 35 of 40 cases (Fig. 3). In 5 cases, we

FIGURE 1. Distribution of the necrosed volumes (cm3) per
pig group. In groups 1, 3, 5, and 7, the liver was removed 1
week after the RF procedure. In groups 2, 4, 6, and 8, 3
weeks after the RF ablation. Pedicle clamping: groups 3, 4,
7, and 8. Biliary cooling: groups 5–8.

TABLE 2. Radiologic Lesions According to Cooling of the
Intrahepatic Ducts

No Cooling Cooling P

No lesion 4 33 0.0001

Stenosis 10 5 0.25

Stenosis and dilation 12 0 0.0006

Extravasation 10 1 0.01

Interruption of the hepatic duct 4 1 0.4

TABLE 3. Radiologic Lesions According to Cooling of the Intrahepatic Ducts and Pedicle Clamping

Without Cooling With Cooling

No Pedicle Clamping Pedicle Clamping No Pedicle Clamping Pedicle Clamping

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8

No lesion 0 3 0 1 9 7 7 10

Stenosis 3 1 2 4 0 3 2 0

Stenosis and dilatation 5 1 5 1 0 0 0 0

Extravasation 2 4 2 2 0 0 1 0

Interruption of the hepatic duct 0 1 1 2 1 0 0 0
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observed biliary duct lesions in contact with the necrotic area.
These lesions were desquamations of the epithelium or glossy
aspect of the epithelium. The structure of the bile ducts
crossing the necrotic zone was preserved (Fig. 4).

Histologic lesions according to cooling of the intrahepatic
ducts and pedicle clamping are reported in Table 5. The local-
ization of the histologic lesions on the biliary tree was influenced
by the clamping of the pedicle with a bigger proportion of
distanced lesions of the biliary tree when the clamping of the
pedicle without cooling was associated. The liver removal date
also influenced the localization of the biliary lesions on the
biliary tree. There were more distal lesions associated to
proximal lesions when the liver was removed after 3 weeks.

DISCUSSION
In 2005, the only possibly curative approach for pa-

tients with liver tumor is surgical resection.8 However, fol-
lowing extended or repeated hepatectomies or severe cirrho-
sis, some patients have poor hepatic reserve. To avoid the risk
of hepatic failure that can follow hepatic resection in such
patients, RF ablation could be an alternative treatment.14 RF
is on the way to be considered as a first-line local palliative

therapy for unresectable liver tumors owing to be a safety
procedure with acceptable complication rates.4,8,14 Mulier et
al6 described the complications of RF ablation of liver tumors
from 82 series found in the literature, published from 1990 to
December 2001. The bile ducts represented 1% of the com-
plications in 3670 patients. This rate was probably underes-
timated since peripheral biliary lesions are often clinically

FIGURE 2. A, Histologic appearance of incomplete necrosis
of hepatic parenchyma. Radiofrequency was performed
without hepatic pedicle clamping. The bile ducts (BD) were
cooled with cold 5% glucose isotonic serum. Hepatic re-
moval was performed 1 week after RF (hematoxylin and eo-
sin stain). The cell structures indicated that the intracellular
cytoplasmic structures had coagulated (original magnifica-
tion �40). B, Histologic appearance in the center of the
same area of hepatic necrosis: the necrosis was total (origi-
nal magnification �40) (inset).

FIGURE 4. Histologic appearance of damaged bile duct (BD)
in contact with the hepatic radiofrequency (RF) necrosis. RF
was performed with hepatic pedicle clamping. The bile
ducts were cooled with cold 5% glucose isotonic serum. He-
patic removal was performed 3 weeks after RF (hematoxylin
and eosin stain). *The epithelium was dislocated. **The bile
duct wall was preserved. Necrosis (N) of hepatic paren-
chyma (original magnification �20).

TABLE 4. Histologic Lesions According to Cooling of
Intrahepatic Ducts

No Cooling Cooling P

No lesion 2 35 0.0001

Proximal lesions 17 5 0.006

Proximal and distal lesions 21 0 0.0001

FIGURE 3. Histologic appearance of bile duct (BD) after he-
patic radiofrequency (RF) necrosis with hepatic pedicle
clamping. The bile ducts were cooled with cold 5% glucose
isotonic serum. Hepatic removal was performed 3 weeks af-
ter RF (hematoxylin and eosin stain). The bile ducts in con-
tact with the necrotic area were preserved. Necrosis (N) of
hepatic parenchyma (original magnification �20).
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asymptomatic. Furthermore, biliary lesions have delayed pre-
sentation up to 4 months after RF.5,18

We observed that cooling the intrahepatic bile ducts
with a cold 5% glucose isotonic solution prevented radiologic
and histologic lesions during an RF ablation in contact with
the intrahepatic bile ducts. Indeed, the radiologic and histo-
logic lesions observed without biliary cooling were not ob-
served anymore when the bile ducts were chilled. The group
of pigs that had their intrahepatic bile ducts cooled showed
more radiologic biliary lesions (7 cases) than histologic
lesions (5 cases). The radiologic lesions associated with no
histologic lesions were hepatic ducts that crossed the necrotic
zone. Indeed, the bile ducts surrounding the ablated zone
seemed protected from the heat, and we observed that only
the bile ducts included in the necrosis were damaged. Since
liver tumors do not invade the biliary structures but tend to
press them back,19 it may be argued that these radiologic
lesions that we observed in the pig19,20 would not exist in
humans. Intrahepatic bile ducts are more suspected to sur-
round human liver tumors and consequently be more pro-
tected from the heat. Interestingly, 3 of these 5 histologic
lesions occurred on clamped livers. Elias et al21 emphasized
that hepatic flow (no pedicle clamping) could prevent the heat
diffusion to the bile duct, but with a potentially higher risk of
tumor recurrence.22,23

Moreover, the pig intrahepatic bile ducts run along and
in contact with the hepatic vessels. The vascular flow is also
considered to protect the bile ducts from the thermal effects
of RF by dissipating the heat generated in the ablated area
(“cooling effect” or “heat-sink effect”).17,19,20,24,25 To neu-
tralize the “cooling effect” and to evaluate more specifically
the role of bile ducts cooling, we also clamped the hepatic
pedicle during the present study. The use of pedicle clamping
had a great effect on the lesion size. We also observed a
relation between pedicle clamping and presence of histologic
lesions at longer distance from the RF zone.15 The tissue
reaction created by the ablation continues through 7 days
after the procedure;26 thus, the time to remove the liver was
fixed at 1 week and 3 weeks after the ablation. This allowed
to follow up the evolution of the lesions and particularly the
necrosis of the lesions that shrinks and modifies over time.27

We are not aware of other experimental studies in the
literature evaluating bile duct protection during RF ablation.
However, Seifert et al28 protected bile ducts with hot serum
perfusion in a pig ex vivo liver model using cryotherapy in
vicinity of the bile ducts. This model consisted in the per-
fusion of the bile duct with a saline-based isotonic serum
heated at 37°C, via a catheter introduced through a chole-

dochotomy.28 Cryotherapy (instead of RF), type, and temper-
ature of cooling liquid and bile ducts cooling liquid flow rates
were different in this study and make comparison unreliable.

Several authors have proposed different solutions when
an ablation was considered near the bile ducts to prevent
secondary lesions. Bilchick et al29 recommended placing a
stent before the ablation of central lesions dangerous for the
bile ducts. Elias et al21 reported the cooling of the bile ducts
in 3 cases. In follow-up over 3 months, the 3 patients did not
show any evidence of biliary complications or local tumor
recurrences.

Studies evaluating local recurrences after RF ablation
of primary tumors (hepatocellular carcinoma) or secondary
tumors (mainly from colorectal tumors) showed a correlation
with the size of the tumor (up to 35% for tumors with a
diameter over 2–3 cm).30–32 Several solutions have been
developed to lower the local recurrence rate. These solutions
included the use of sodium chloride, either by perfusing the
tumor with an isotonic physiologic serum during the RF
procedure33 or by injecting, prior to the procedure, hypertonic
physiologic serum into the tumor.34 Sodium chloride, what-
ever its concentration,34 modifies the electric conductivity
inside the hepatic tissue. For this reason, physiologic serum
(sodium chloride 0.9 g/100 mL) and ringer lactate (containing
sodium chloride 0.6 g/100 mL) were not used in this study to
cool the bile ducts. We demonstrated that cooling of the bile
ducts with a cold 5% glucose isotonic solution effectively
prevented biliary lesions during an ablation. However, the
key point is still to set up the optimal bile duct cooling
temperature that could prevent biliary lesions but should also
guarantee the intended therapeutic effect (tumor necrosis
volume and low recurrence rate) at the same time. Another
issue to evaluate is to know whether the less complete
necrotic zones observed in contact with the cooled hepatic
ducts are viable by studying the enzymatic activity of the
mitochondria24 or the respiratory metabolism by using a
NADH-diaphoresis tinting (nicotinamide adenine dinucleoti-
de-diaphorase).35

CONCLUSION
Cooling of the intrahepatic bile ducts with a cold 5%

glucose isotonic solution during an RF ablation of liver tissue
in contact with intrahepatic bile ducts protects them from
secondary effects of hyperthermia. This protection is effec-
tive for the bile ducts situated in contact with the ablated
zones and on bile ducts at distance. The total volume of
necrosis achieved is not significantly different with or without
biliary cooling.

TABLE 5. Histologic Lesions According to Cooling of the Intrahepatic Ducts and Pedicle Clamping

Without Cooling With Cooling

No Pedicle Clamping Pedicle Clamping No Pedicle Clamping Pedicle Clamping

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8

No lesion 0 2 0 0 9 9 8 9

Proximal lesions 9 4 4 0 1 1 2 1

Proximal and distal lesions 1 4 6 10 0 0 0 0
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