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ABSTRACT ARTICLE INFO

Objective: Analysis of renal excretory system integrity and efficacy of radiofrequency
ablation with and without irrigation with saline at 2°C (SF2).

Materials and Methods: The median third of sixteen kidneys were submitted to radio-
frequency (exposition of 1 cm) controlled by intra-surgical ultrasound, with eight mi-
nutes cycles and median temperature of 90°C in eight female pigs. One excretory renal
system was cooled with SF2, at a 30ml/min rate, and the other kidney was not. After
14 days of post-operatory, the biggest diameters of the lesions and the radiological
aspects of the excretory system were compared by bilateral ascending pyelogram and
the animals were sacrificed in order to perform histological analysis.

Results: There were no significant differences between the diameters of the kidney
lesions whether or not exposed to cooling of the excretory system. Median diameter of
the cooled kidneys and not cooled kidneys were respectively (in mm): anteroposterior:
11.46 vs. 12.5 (p = 0.23); longitudinal: 17.94 vs. 18.84 (p = 0.62); depth: 11.38 vs. 12.25
(p = 0.47). There was no lesion of the excretory system or signs of leakage of contrast
media or hydronephrosis at ascending pyelogram.

Conclusion: Cooling of excretory system during radiofrequency ablation does not sig-
nificantly alter generated coagulation necrosis or affect the integrity of the excretory
system in the studied model.
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INTRODUCTION However, heat is heterogeneously distrib-
uted. Generally, there is a major heating close to
the needle and lower temperature in the outer

tissues, since there is no uniform heat conductiv-

The rationale of the use of radiofrequency
(RF) in medicine is based on the generation of

heat in order to destroy cells.

At temperatures 60-100°C range, there
is instant protein coagulation that frequently
evolves to coagulation necrosis (1). Consequent-
ly, the ideal working temperature varies from 50
to 100°C throughout the target tissue (2).
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ity to the surroundings (2). A simple needle is
capable to produce a maximum lesion of 1.6 cm
of diameter (3).

Although not extensively studied, the use
of saline in the excretory system before or during
radiofrequency ablation may interfere in the heat
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distribution and consequently in the efficacy and
complications of the method.

We evaluated the integrity of the excre-
tory system and efficacy of renal radiofrequency
in an animal model with and without irrigation of
the excretory system, using saline at 2°C.

MATERIALS AND METHODS

After approval of the local Ethical Com-
mittee in Animal Research (protocol 041/03) and
technique standardization during a pilot study
using 12 kidneys of 6 animals, 16 kidneys of 8
female pigs free of specific pathogens (SPF - Spe-
cific Pathogen Free) of Large White breed, with
ages from 54 to 62 days of life, weighting 15.5 to
26 kg, were studied.

The animals were adequately anesthetized
(sodic thiopental, 2mg/kg; midazolam 0.1 mg/kg;
alfentanil 0.1 mg/kg and pancuronium bromete
0.1mg/kg), submitted to oro-tracheal intubation
and mechanic ventilation (Takaoka®) and placed
on a horizontal dorsal decubitus. Then, it was per-
formed a median longitudinal laparotomy, the kid-
neys were identified and the bladder was incised.

One of the ureteral meatus was catheter-
ized with a double-lumen 7 Fr catheter in order
to perform cooling using saline at 2°C (using a
digital thermometer Testo 106-T1® for control) at
a medium flow of 30ml/min. Eight kidneys were
randomly distributed, 4 animals at right and 4 at
left, and the perfusion was initiated two minutes
before the ablation, as proposed by Margulis et al
(4). One of the ports of the catheter was used to
infuse and the other to collect the cooled saline.

A generator model 1500 (RITA Medical
Systems, Mountain View, California, maximum
potency of 150W) was used to apply radiofre-
quency under direct vision in the medium third of
both kidneys of each animal (n = 16), using a 1cm
exposition needle and ultrasound control, keeping
a constant distance between the center of the ab-
lation area and the excretory system in all cases. It
was used a cycle of 8 minutes and a medium tem-
perature of 90°C. The catheter was removed and
the bladder was sutured.

After ablation was completed, the medium
temperature of the liquid that was returning from
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the double-lumen catheter was 13.5°C. Animal
temperature was controlled intra-rectally and var-
ied from 37 to 37.5°C.

After 14 days, the integrity of the collect-
ing system was evaluated using bilateral ascend-
ing pyelogram in vivo, injecting 5ml of iodine
contrast after incision of the bladder and catheter-
ization of both ureters.

The kidneys were removed and opened
(convex part) and the biggest dimensions of the
lesion were recorded: longitudinal, anteroposteri-
or and depth, using a digital capiler rule as previ-
ously proposed (5,6).

Cellular viability was confirmed by histo-
logical aspect and presence of coagulation necro-
sis after hematoxilin-eosin stain. Next, the ani-
mals were sacrificed and the histopathologic exam
was performed by a blind examiner, who was not
aware of which side was cooled.

The size of the studied population (8 ani-
mals, 16 kidneys) was based on a pilot study us-
ing 14 animals (28 kidneys) and similar protocols
in the literature. The “SAS System for Windows”
(Statistical Analysis System), version 6.12. “SAS
Institute Inc.”, 1989-1996, Cary, NC, USA and the
t-Student tests were used to compare the mea-
sures. Significance level was 5% (p < 0.05).

RESULTS

The sample was quite homogeneous, given
the animals weight and the kidney dimensions,
with elevated p values (Table-1). There was no le-
sion of the excretory systems, signs of contrast
leakage or hydronephrosis during ascending py-
elogram.

All kidneys showed a lesion with a central
area of coagulation necrosis, and the tubules and
glomerules lost their cellular limits, with intense
eosinophilia in the cytoplasm and areas with total
destruction of cellular architecture and no nucle-
us. In the middle of the area of necrosis, some
vessels with thrombosis and recanalization were
observed, showing that heat ablation also dam-
aged vessels, adding ischemic lesion to the area
previously irrigated by those vessels. In the tran-
sition area with viable locals, it was possible to
identify a well defined circle around the central



Table 1 - Sample data of the animals submitted to thermoablation using radiofrequency.

MEDIAN SD MIN. MAX. P-VALUE
Animal (kg) 21.44 3.58 15.1 26
High (C) (mm) 111.38 5.7 945 117

p =0.995
High (mm) 101.39 7.24 90.3 111
Width (C) (mm) 50.18 438 44.2 56.7

p=0.232
Width (mm) 51.69 3.78 44.9 56.7
Thickness (C) (mm) 23.86 1.56 22.3 26.9

p =0.329
Thickness (mm) 24.63 1.86 22.6 28.1

SD = Standard deviation; MIN = Minimum; MAX = Maximum; (C) = Cooled kidney

necrosis. It is a transition area with acute tubular
necrosis (ATN), with hypereosinophilia of the tu-
bular cytoplasm, nuclear basophilia and alteration
of the glomerular architecture with inflammatory
infiltrate. Cell viability in the area is uncertain,
and it may or may not show tissue recovery.

There was no significant difference be-
tween the groups in terms of area of lesion, what-
ever considered diameter (Tables 2 and 3).

Media of diameters of lesion of the cooled
and not cooled kidneys were, respectively (mm):

Anteroposterior: 11.46 vs. 12.5 (p = 0.23)

Longitudinal: 17.94 vs. 18.84 (p = 0.62)

Depth: 11.38 vs. 12.25 (p = 0.47)

There were no differences between the

closest and the more distant areas in the irrigated
kidneys. The microscopic aspects of lesions were
very similar, independently of cooling of excre-
tory system. There was no difference at histopa-
thology and coagulation necrosis area between
the groups (p > 0.05) (Figure-1).

In the urothelium areas close to the tissue
submitted to RF it was observed a light distortion
of the urothelial architecture. The umbrella cells,
that form the most superficial layer of the urothe-
lium, were bigger in size, vacuolated, suggesting
entrance of liquid in the intracellular space due to
alteration of permeability. There was also inflam-
matory process and some areas of subepithelium
fibrosis. In some regions there was a massive lost of

Table 2 - Median size of the lesions of cooled and not cooled kidneys (mm).

MEDIAN SD MIN. MAX. P - VALUE

AP-C 11.46 1.3 10 13.2
p=0.232

AP 12.5 2.21 9.3 16.9

Longitudinal - C 17.94 2.81 13.1 22.2
p=0.625

Longitudinal 18.84 3.71 13.3 254

Depth - C 11.38 1.77 7.6 13.3
p = 0.467

Depth 12.25 2.41 7.8 15.8

SD = Standard deviation; MIN = Minimum; MAX = Maximum; AP = Anteroposterior; (C) = Cooled kidney
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IBJU 1 ANALYSIS OF THE EFFECT OF RENAL EXCRETORY SYSTEM

Table 3 - Size of the lesions in each animal (mm).

Cooled kidney Kidney not cooled

AP Long. Depth AP Long. Depth
Pig 1 11.3 17.8 13.5 10 13.1 7.6
Pig 2 13.2 18 14.2 10 174 11.3
Pig 3 12 22.5 15.8 13.2 16.6 12.7
Pig 4 16.9 25.4 11 11.7 18.9 13.3
Pig 5 13.1 17.2 125 12.2 17.4 12
Pig 6 13 19.7 12.1 10.2 21 11.6
Pig 7 9.3 13.3 7.8 13 22.2 12.2
Pig 8 11.2 16.8 1141 114 16.9 10.3

AP = Anteroposterior; Long = Longitudinal

Figure 1: A) external aspect of the lesion; B) Ascending pyelogram without alterations; C) macroscopic aspect of the excretory
system; D) Microscopy, 40X, urothelium.

d - -
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cellular layers, with a single layer of paving stone
cells. However, the alterations were discrete without
cellular necrosis. Actually the urothelium showed
signs of regeneration, with recovery of layers. Mi-
croscopic aspects of urothelium were very similar in
the kidneys submitted to cooling or not.

DISCUSSION

Heat lesion of urothelium during thermoab-
lation of renal tumor with radiofrequency is one of
the complications of this form of treatment (7).

In the studied model, cooling of excretory
system did not alter coagulation necrosis or inter-
fere with the integrity of urothelium after 14 days
of surgery, adding data to previous studies that
limited evaluation to 74.8 to 107 days of protocol.

In order to define the sample size, we
considered the study by Chang et al (8) that used
six animals. Also, the present study was based
on a pilot protocol that allowed the necessary
standardizations with 12 kidneys of 6 animals,
finishing with 28 kidneys and 14 animals. There
was also intra-individual pairing: the same ani-
mal was submitted to two different forms of RF
ablation allowing the use of a small population in
order to obtain relevant statistical data (4), spar-
ing experimental animals according to the best
practices of animal experimentation.

We used ablation under direct vision, since
porcine perirenal fat is scarce (9), favoring lesion
of neighbor structures. In humans, this layer is
less than 1 cm of thickness, with better protection
and thermal isolation during RF ablation.

We defined a median temperature of 90°C,
capable to destroy tissues (1) during eight min-
utes, in one cycle, since this pattern proved to be
effective during the pilot study.

The way to evaluate the renal lesion cre-
ated by RF is also not standardized in literature,
since it is quite irregular. Some use a formula to
calculate the volume of an ellipse (10), others use
only the greatest diameter (11) or both diameters
multiplied. We believe that the analysis of the
three biggest diameters (longitudinal, anteropos-
terior and depth), as described by Gettman and
Rehman (5,6) is more accurate since allows tridi-
mensional analysis of the lesion.
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Lesions have a wedge form, probably due
to the segmental pattern of renal circulation, with
the flow running from the medulla to the cortex.
When central flow is interrupted, the area down-
stream becomes ischemic and suffers infarct. So
the tissue necrosis after RF ablation is obtained
not only by heat but also by occlusion of vessels,
followed by ischemia. The present study shows
that the longitudinal diameter is around 6mm
greater than the anteroposterior and depth diam-
eters. These data were obtained in normal renal
tissue. Maybe in tumor tissue the interaction with
RF may be different.

The organ to be submitted to RF may be
accessed by laparotomy, laparoscopy or percuta-
neously, the latter cheaper and less aggressive,
that can be performed under local anesthesia and
sedation (12). The advantage of ablation by lapa-
rotomy or laparoscopy, using an intra-surgical ul-
trasound is the capacity of direct visualization of
the tumor and possible concurrent tumor lesions.

Image control during the procedure is
fundamental to avoid lesions of neighborhood or-
gans or even incomplete ablation. Unfortunately,
there is still no image method able to fulfill this
task and identifies the needle and its eventual re-
positioning (13).

In the present study, confirmation of cel-
lular viability by histopathology is justified since
there is no adequate correlation of radiologic
image and histopathology after renal radiofre-
quency (14). The median temperature of the re-
turning liquid by the double-lumen catheter of
13.5°C is in accordance to other experiments in
literature (4,15).

Anidjar et al (16), in 1999, studied the ex-
perimental model of heat ureteral lesion in pigs,
coagulating all median upper ureter circumfer-
ence using an electrical scalpel. After a median
interval of 9 days, there was a marked hydrone-
phrosis in all animals. Besides, current literature
about lesions of excretory systems during tumor
ablation by radiofrequency shows that in the ma-
jority of cases the lesion occurs in the first 15
days after the procedure (7,17). Also, maximal
extension of necrosis is detected after 7 days of
RF (7,18), which corroborates our analysis after
14 days of protocol.



In relation to the absence of difference of
the size of lesion whether the kidney was cooled
or not, Landman et al experiment (15) showed that
during cooling performed exclusively by ureteral
catheter, intraparenchymal temperature was not al-
tered, since renal temperature depends mainly of
arterial flow, that keeps the organ stable, as long
as the flow is not obstructed. In that manner, it is
possible to understand the results, independently of
the cooling effect of the excretory system, proved
but not completely explained.

On the other hand, although not statisti-
cally significant, it is important to observe a con-
stant difference of 1mm less in the media of the
lesion diameters of the cooled kidneys (Tables 2
and 3). It is important to confirm the clinical im-
portance of this aspect since it can alter the effi-
cacy of RF during cooling of excretory system of
human beings. Long term studies with oncological
data are necessary (19).

Hwang et al (20) also showed evidences,
although fragile, that cooling of excretory system
may alter the clinical results of RF. They observed
a variation of the median diameter of the ablat-
ed area of cooled kidneys in relation to those not
cooled after 7 days of post-operatory: 7.5% (P =
0.002) and 9.6% (P = 0.008), respectively.

The size of the lesion is not constant, and
each situation is different in terms of interaction
with the energy source and tissue response. The
variation of the lesion size probably is related to
the high blood flow of kidneys (15).

The comparison of the results of the present
study with those related to biliary duct cooling dur-
ing thermoablation with RF (21) shows that cool-
ing is capable to reduce significantly the possibility
of fistula or stenosis of biliary ducts. Some possible
explanations can be discussed why the same was
not observed in the urothelium. First, the epithelium
linings are different. Second, urine and bile compo-
nents are different and may have different electri-
cal proprieties. And finally, space disposition of the
biliar tree and of the urinary tract are different.

In the kidney, major complications occur
after lesion of ureter or pelvic-ureteral junction,
away from the renal cortex. In the liver, intra-he-
patic lesion of the biliar ducts may present signifi-
cant damages.
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Also, the exposition of the needle was
smaller in the present study (1cm) in relation to
previous ones (3cm) (20) and intentionally was
not place upon the excretory tract (7). So our re-
sults are related to lesions close to the urothelium
and further studies are needed for more profound
lesions with bigger damage to the urothelium and
to test the consequences of cooling.

Some aspects differentiate our study: the
use of in vivo retrograde pyelogram (most studies
used ex vivo (20)), lower morbidity of retrograde
cooling in relation to antegrade (that requires
nephrostomy), avoiding dissemination, bleeding
and additional trauma (20), use of hystopathol-
ogy to measure the lesion, ablation under direct
vision and use of intrasurgical ultrasound in order
to maximize accuracy of ablation, data collection
and hystological interpretation without knowl-
edge of cooling, avoiding bias and the use of sa-
line in order to avoid complications in the event
of leakage and absorption.

Main limitations of our study are the ab-
sence of median and long terms data and not use
of an oncological model, as occurred with other
studies (4,7,20) as well as the low exposition of
the needle (1cm) avoiding lesion of the excretory
tract, although the clinical significance of the le-
sions is questionable (4,7,20).

CONCLUSIONS

Cooling of the excretory tract during abla-
tion of renal parenchyma did not alter significantly
the integrity of the urothelium and did not interfere
with the area of coagulation necrosis generated by
RF in relation to conventional ablation, without
cooling, microscopically and radiologically.
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