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Abstract Minimally invasive treat-
ment for small renal cell carcinoma
(RCC) can be necessary in selected
patients and, anyway, is desirable. 
In situ ablation techniques, including
RFA, have been developed. The aim
of this study is to evaluate the feasi-
bility, safety and short-term local 
effectiveness of percutaneous 
US-guided RFA in a small series, as
well as mid-term patient outcome.
Thirteen patients with a total of 18
tumors (17 small lesions, 35 mm in
size or less, and a larger one, 75 mm
in size) underwent 19 RFA sessions.
Seven patients had a solitary kidney,
and three suffered from VHL dis-
ease, too. We treated four lesions in
a patient with a bilateral tumor. In
another patient, three lesions were
ablated. Seventeen tumors were
RCC; one was a metastasis from
lung cancer. Eight lesions were pa-
renchymal, six exophytic, two paren-
chymal/exophytic, one parenchy-
mal/central and one central. A mono-
polar RF system with multitined ex-
pandable electrode needles was used.
The 35-mm lesion underwent two
sessions; the 75-mm lesion was
treated with transcatheter arterial
embolization before RFA. Tumors
with complete loss of contrast en-
hancement at short-term CT (or MR)
were considered successfully treated.
Percutaneous US-guided RFA was
always feasible without major com-
plications. The success rate after a
single treatment in tumors less than

35 mm in size was 88.2% (15/17)
and rose to 94.1% (16/17) after the
second treatment of the largest le-
sion. After a mean 14-month follow-
up, no successfully treated lesions
recurred locally. Only the patient
with metastasis from lung cancer
died from disease progression in a
further location, while all other pa-
tients are alive, with renal function
still sufficient to avoid dialysis. 
US guidance allows an easy and safe
percutaneous approach for RFA of
small non-parahilar RCC. The treat-
ment is locally effective and can be
proposed as a minimally invasive
therapy for patients with contraindi-
cations to surgery or to those ex-
pressing an informed consent. 
Based on the results of this study 
and of the literature, mid-term 
results on the clinical usefulness are
very encouraging.
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Introduction

Extensive application of modern imaging modalities
such as US and CT has led to a greater incidental detec-
tion of renal masses. Such incidental tumors are likely to
be small and in an early stage [1]. They are mostly found
in elderly patients with significant co-morbidity [2] and
in patients with previous or synchronous homolater-
al/contralateral renal cell carcinoma (RCC) or with he-
reditary carcinomas, like in von Hippel-Lindau (VHL)
syndrome [3, 4]. These tumors represent a lowly aggres-
sive disease in patients unfit to undergo major surgery;
therefore, they should undergo nephron-conserving and
minimally invasive treatment [5].

Surgical treatment options for RCC are radical ne-
phrectomy and partial resection or nephron-sparing sur-
gery (open or laparoscopic). All are similarly effective,
but carry their own morbidity, with a complication rate
up to 30% in several series [6]. Some patients have con-
traindications to general anesthesia. Moreover, patients
with congenital or acquired solitary kidney cannot un-
dergo radical nephrectomy without subsequent dialysis
or transplantation.

Recently, several minimally invasive techniques for
local destruction of parenchymal tumors without surgical
removal (so-called in situ ablation) were developed, in-
cluding RFA [7, 8], which was shown to be useful in
causing necrosis of small RCC both in experimental
studies [9] and in several clinical series. Potential advan-
tages of RFA versus surgery are that it can be performed
percutaneously, under US or CT guidance, without gen-
eral anesthesia and without damage to adjacent tissues,
preserving the surrounding renal parenchyma and reduc-
ing the complication rate.

Our aim is to present our preliminary experience with
a small consecutive series of patients who underwent
percutaneous US-guided RFA for renal tumors, because
it was clinically indicated as the treatment of choice in-
stead of surgical resection. We evaluated the feasibility,
safety and short-term local efficacy of RFA and mid-
term patient outcome.

Materials and methods

Patients

Between December 2000 and July 2003, we treated 13 patients at
our institution, 8 males and 5 females, aged between 39 and 83
years old (median, 65 years old). Seven of 13 (54%) patients had a
solitary kidney (5 right, 2 left; 1 congenital, 6 after contralateral
nephrectomy); three also had VHL. These patients had a total of
18 neoplastic lesions (10 in the right kidney, 8 on the left): 11 pa-
tients had one lesion each, two females underwent two separate
sessions for several lesions (patient no. 4, first for one, then for
three lesions, and patient no. 5, for two earlier tumors and one
subsequent lesion).

All tumors were RCC but one, a metastasis from lung cancer.
The diameter range was 15–75 mm; except for the biggest lesion,
submitted to “combined” therapy (transcatheter arterial emboliza-
tion followed by RFA), the range was 15–35 mm, and the median
diameter was 25 mm. Eight lesions were parenchymal, six exo-
phytic, two parenchymal/exophytic, one parenchymal/central and
one central. The 35-mm lesion underwent two sessions, so that the
total number of treatments was 19.

The first patient treated, a 62-year-old male affected by VHL,
underwent RFA after right nephrectomy and multiple left nephron-
sparing surgical resections. The second, a 60-year-old male with
congenital right solitary kidney, had two other neoplasms and a bi-
opsy-proven primary parahilar tumor in the mid-kidney (28 mm in
size). The patient with lung cancer developed one metastasis in the
left mid-kidney. After 6 months, we agreed to treat the renal lesion
because of its slow increase and the absence of other metastases.
Patient no. 4, a 68-year-old female affected by multiple synchro-
nous bilateral RCC, refused radical bilateral nephrectomy and ac-
cepted only left nephrectomy and RFA of the main lesion in the
right mid-kidney (Fig. 1). Seventeen months later, she underwent
a new RFA session because of the increase of three other lesions.
Also patient no. 5, a young female affected by VHL, underwent
two sessions, first to treat two lesions (Fig. 2) and then one more
lesion.

Regarding our selection criteria, our five patients without soli-
tary kidney are also to be analyzed: the first two, who were elder-
ly, had contraindications to general anesthesia; the last three with
small exophytic lesions were recruited not because of surgical
contraindications, but because they chose this type of treatment,
considering the good technical conditions for RFA and, of course,
after signing an informed consent. An informed consent was also
obtained from all other patients.

Patients with VHL did not undergo biopsy because solid renal
tumors on CT in these cases are invariably clear-cell neoplasms
[10]. In all other cases, clinical history and CT features before and
after contrast administration were conclusive as well, except in pa-
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Fig. 1 a Patient no. 4, with bi-
lateral multiple RCC: left ne-
phrectomy and chemotherapy,
plus RFA of the main mid-right
renal lesion. b,c “Collapse” of
the lesion at mid-term follow-
up CT
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Fig. 2 Patient no. 5, VHL and solitary right kidney. Synchronous
treatment of two small tumors in the upper and mid portion, via a
retroperitoneal approach (partially transparenchimal). a,b US and

CT before the treatment. c Contrast-enhanced CT study after RFA
depicted that both lesions were completely devascularized

Fig. 3 Patient no. 7, a VHL and right solitary kidney, with a small
RCC between the upper pole and the mid-renal medial side. 
b Transperitoneal/transhepatic US-guided RFA, without complica-
tions, but a thin hemorrhagic fluid collection is visualized in the

Morison’s pouch both at US during the treatment and at unen-
hanced CT at the end of the maneuver (arrows). c At short-term
multi-phase CT, no residual hematoma or enhancing tumoral tis-
sue was seen



tient no. 2, who also had a colonic tumor, and in the last three pa-
tients without solitary kidney, who also underwent needle biopsy.

RF ablation procedure

Preoperative serum creatinine was evaluated. All patients received
intravenous hydration the night before treatment as well as antibi-
otic prophylaxis with intravenous cephtizoxime (1 g twice daily).
Prophylaxis was also continued on an outpatient basis with oral
ciprofloxacin for 5 days. All patients were treated in the oblique or
lateral position after monitoring of vital signs.

All RF ablations were performed by a single interventional ra-
diologist with extensive percutaneous RFA experience (V.A.).
Conscious sedation was performed by an anesthesiologist; he ad-
ministered midazolam, fentanyl, droperidol and ondansetron. Lo-
cal anesthesia was added, with 1% lidocaine injected both superfi-
cially and at mid-depth. In some cases, deep sedation and ventila-
tion with an oxygen mask was required.

A monopolar RF device, consisting of an “active” needle with
nine retractable electrodes and two neutral electrodes applied to
the anterior face of the patients’ thighs (RITA Medical Systems,
Inc. Mountain View, CA), was used. The maximum spread
reached by the expandable electrodes was 5 cm. The electrode
needles (Starburst XL) were powered by a 150-W RF generator
(RITA Model 1500). Treatment was performed with ultrasound
guidance only (Technos, ESAOTE, Genoa, Italy). Needle insertion

was guided up to the periphery of the lesions, and US was also
used for real time monitoring of each step of the procedure. When
possible, we chose a retroperitoneal approach. In two patients with
a lesion on the deep side of the right upper pole, we opted for a
transperitoneal transhepatic path, which was easier to perform
without crossing renal parenchyma and easier to follow with US
thanks to the “hepatic window” (Fig. 3). In two other anterior le-
sions located on the internal margin of a lower pole cyst in the left
kidney, a transperitoneal transcystic path was chosen (Fig. 4). At
the periphery of the tumors, the needle tips were expanded to an
initial 2-cm width and the generator was activated, increasing the
delivered power up to the target temperature (100°C). This was
verified by measurements taken by five thermistors located on the
central electrode and on four of the eight lateral tips (average).
The delivered power was then automatically regulated by the de-
vice in order to keep both temperature and impedance constant.
After an initial 5-min application, the electrodes were gradually
expanded to approximately 1 cm beyond the lesion diameter to ob-
tain a safety rim: at each 1-cm step, a 5-min RF application was
performed; when the sufficient opening was reached, the applica-
tion lasted over 10 min. Therefore, in our series, session time
ranged between 15 and 25 min.

Therapeutic response evaluation

Patients with treatments that were technically more difficult un-
derwent unenhanced CT at the end of the procedure in order to ex-
clude an immediate bleeding that might not have been visible at
US. However, bed rest and clinical observation for at least 4 h
were arranged. In addition, blood cell count after 2–3 h, presence
of macroscopic hematuria and serum creatinine level were evalu-
ated and compared with pre-procedural values. Besides, a short-
term CT study was scheduled after approximately 1 month, ac-
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Fig. 4 Patient no. 8, elderly, with prostate cancer and left solitary
kidney, developing a very small RCC exophytic towards the lu-
men of a subcapsular cyst. a Multi-phase CT before b US-guided
transperitoneal transcystic RFA, and c after the treatment



cording to the clinical outcome of each patient. CT study was per-
formed with a multi-phase protocol (contrast flow rate 3 ml/s; un-
enhanced, arterial and venous phases; slice thickness 2.5 mm) and,
recently, by a multidetector scanner (General Electric, LightSpeed
QX/I, Milwaukee, WI). The absence of contrast enhancement on
CT (evaluated by comparing HU measurements before and after
contrast administration) was considered as complete ablation of
the tumor (technical success). At that time, serum biochemistry
and urine analysis were also obtained. Patients were then clinical-
ly and radiologically followed up with US every 3 months and (if
US did not depict any lesion growth or other abdominal changes
earlier) with CT or MRI every 6 months. Serum creatinine and
electrolytes were evaluated at every follow-up visit. Clinical suc-
cess was defined as the absence of local recurrence during follow-
up (3–34 months, mean 14 months, median 9 months), provided
that a sufficient renal function was maintained (Table 1).

Results

RFA was feasible in all patients, except for the one with
the largest lesion, which was already embolized. In this
patient, the procedure could not be carried on for more
than 10 min because of inadequate compliance of the pa-
tient without deep sedation, which we were unable to use
because of his severely impaired respiratory function.

US allowed us to localize all lesions and to guide
their puncture. However, simultaneous review of CT im-
ages (in order to exploit anatomic references, cysts, etc.)
was useful to better delineate smaller or isoechoic tu-

mors. Therefore, in our experience, US guidance was
suitable to reach each lesion and to follow the treatment
in real-time (despite the characteristic intense echoes
spreading from the tissue during RFA). Moreover, RFA
proved to be a safe treatment, as demonstrated by the ab-
sence of major complications. Two patients had persis-
tent pain for a few hours after the procedure, whereas
only in one patient, for whom we used a transperitoneal
transhepatic path, a minimal hemorrhage in Morison’s
pouch was detected by US during the treatment and was
confirmed by an unenhanced CT at the end of the proce-
dure. No additional symptoms or significant serum value
alterations were detected, and the hematoma was com-
pletely resolved at the 10-day CT (Fig. 3). No late com-
plications were detected during the follow-up.

Short-term contrast-enhanced CT examinations were
performed between 3 and 62 days after the first RFA
(median 26 days) and were compared with pre-procedu-
ral CT studies. Complete devascularization (loss of all
contrast enhancement) was shown in 15/18 lesions
(83.3%). Due to the intent of obtaining a safety rim, in
completely ablated tumors the hypodense area at the site
of the treated lesion was often slightly larger than the
previous tumor area. Except for the largest tumor (treat-
ed with an incomplete combined therapy due to RFA in-
terruption), the complete necroses after one session were
15/17 (88.2%). The two tumors with partial residual con-
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Table 1 Characteristics of patients and lesions

Pa- Age Disease Lesion site Lesion Lesion type/location No. of Ablation F-U 
tient (years)/ size treatments/approach (months)
no. sex (mm)

1 62/M VHL/solitary kidney L-upper 21 RCC/parenchymal- 1/retroperitoneal Complete 34
exophytic

2 60/M CLL/colonCa/solitary K R-mid 28 RCC/central 1/retroperitoneal Incomplete 22
3 69/M LungCa L-upper/mid 25 MTS/parenchymal 1/retroperitoneal Complete 6a

4 68/F Bilateral RCC/solitary K R-mid 27 RCC/parenchymal 1/retroperitoneal Complete 26
4 – R-upper 25 RCC/parenchymal 1/retroperitoneal Complete

R-mid 30 RCC/parenchymal 1/retroperitoneal Complete
R-lower 25 RCC/parenchymal 1/retroperitoneal Complete

5 39/F VHL/solitary kidney R-upper 25 RCC/parenchymal 1/retroperitoneal Complete 18
5 – R-mid 20 RCC/exophytic 1/retroperitoneal Complete

R-upper 16 RCC/parenchymal- 1/transperitoneal- Complete
exophytic transhepatic

6 64/M Bilateral RCC/solitary K R-upper/mid 15 RCC/exophytic 1/retroperitoneal Complete 10
7 61/F VHL/solitary K R-upper/mid 20 RCC/parenchymal 1/transperitoneal- Complete 9

transhepatic
8 75/M ProstateCa/solitary K L-lower/mid 19 RCC/exophytic 1/transperitoneal- Complete 8

(endocystic) transcystic
9 77/F Old age/hypertyroidism L-upper/mid 35 RCC/parenchymal- 2/retroperitoneal Complete 7

central
10 83/M Old age/obesity/COPD L-lower 75 RCC/exophytic 1b/transperitoneal- Incomplete 7

(deep to a cyst) transcystic (post-TAE)
11 65/M – L-mid 23 RCC/exophytic 1/retroperitoneal Complete 5
12 53/F – L-lower 16 RCC/exophytic 1/retroperitoneal Complete 3
13 69/M – L-mid 30 RCC/parenchymal 1/retroperitoneal Complete 3

a Deceased.
b Not completed.



trast enhancement were the biggest (35 mm) and the
nearest to the hilum (central). The former underwent one
more session and was completely hypodense at the fol-
lowing CT, while the latter has not been retreated yet (af-
ter 22 months) because of its slow growth and serious
neoplastic co-morbidity (patient no. 2, with chronic lym-
phatic leukemia and previous metastatic colon cancer).
In summary, the success rate for lesions ≤35 mm in 
diameter after one or two session was 94.1% (16/17)
(Table 1).

According to the above-mentioned protocol, radiolog-
ical follow-up was always performed with US and CT,
except in patient no. 1. In this patient, after the 6-month
CT study, the administration of iodinated contrast agent
was precluded due to severe chronic renal failure, and
MR imaging replaced CT in the radiological follow-up.
The devascularized area (hypodense on CT) was stable
or decreasing in size in all patients (Fig. 1). We had no
mid-term local recurrences. Only the small parahilar hy-
pervascular residual lesion in patient no. 2 showed a
minimal growth of its viable portion almost 2 years after
the treatment. In patient no. 4, who had four treated le-
sions, venous thrombosis was detected at the last check
because of progression of a further neoplastic lesion.
This patient has now accepted radical intervention and
will undergo nephrectomy more than 2 years after her
first RFA. Only patient no. 3, with metastasis from lung
cancer, died from brain metastases 6 months after the
treatment. All other patients are alive with normal or re-
duced renal function, but still sufficient to avoid dialysis.

Discussion

RCC have a potential for local progression, metastatic
disease and fatal outcome even when 3 cm in diameter or
less. Therefore, treatment is always necessary [11].
However, up to that diameter, hereditary renal tumors do
not develop metastases and can undergo renal parenchy-
mal-sparing surgery [3]. Our study is not designed to
compare RFA results with those of conservative surgery;
however, in terms of safety, short-term local efficacy and
mid-term patient outcome, RFA results seem to be better
compared to those from surgical series [6]. Its clinical
use in association with laparoscopic surgery has already
been reported [12, 13], and the substitution of laparo-
scopic partial nephrectomy by minimally invasive tech-
niques has been suggested [14]. Our RFA series cannot
be correctly compared with other non-surgical treatments
(cryotherapy above all), but according to data from the
literature, it does not seem to be less useful [1]. In any
case, long-term (>5 years) results are not yet available
either for cryotherapy or RF ablation, and we should
consider them as experimental techniques [15].

Thanks to the many experimental studies on RFA of
liver neoplasms that are already available, the applica-

tions of RFA for RCC developed almost simultaneously
in experimental and clinical fields; for example, in 1997,
Zlotta presented the first cases of RFA in ex vivo and in
vivo human kidney (only before surgical resection) [16],
and in 1999, he published an experimental study on an
animal model (rabbit) [17]. Similarly, the first case of
RCC completely treated by RFA via percutaneous place-
ment of an electrode needle under US guidance was pub-
lished in 1999 by McGovern [18], and experimental stud-
ies on rabbit and porcine models have been reported up to
2003 [9, 19–23]. Our first patient was treated in 2000.

In 2001, Wood described the first case of “combined”
treatment of a 7-cm tumor because of persistent hema-
turia despite transcatheter embolization [24]. Combining
hilar occlusion or arterial embolization with RFA can be
considered a treatment option for larger tumors, and it
has been used experimentally on an animal model [12]
and in clinical practice [25, 26], respectively. The aim is
to increase the necrosis volume by ischemia, despite the
higher risk of damaging the whole kidney in the study on
a porcine model treated after hilar occlusion [12]. We
used this technique only once and incompletely, so we
cannot express our opinion.

In our series, feasibility of percutaneous renal RFA is
similar to that reported in the studies of the above-men-
tioned authors [2, 4, 5, 27] and in a few others [28].
However, we always performed our treatments under US
guidance, never using CT guidance. This technique al-
lows real-time control of electrode-needle placement and
makes the procedure less time consuming and less ex-
pensive. Nevertheless, in a few difficult patients or loca-
tions, CT guidance can be necessary in order to better vi-
sualize the lesion and precisely position any electrode.
Moreover, due to hyperechoic artifacts caused by RF, CT
might be better than US in detecting needle displacement
during the procedure and correctly replacing it.

Regarding safety, in our small series no renal or col-
lecting-system major complications occurred (neither in-
tranephric or perinephric hematomas, nor macroscopic
hematuria), but only a minimal asymptomatic blood col-
lection in Morison’s pouch resulting from a complex
transperitoneal transhepatic path. It was only detected by
imaging, and it resolved spontaneously before the short-
term CT control; so, high safety of percutaneous treat-
ment (no procedure-related mortality; acceptable mor-
bidity) [4, 27] was confirmed also for difficult approach-
es.

Regarding clinical aspects, our experience confirms
other authors’ results, although the small number of pa-
tients and lesions treated precludes a statistical analysis.
First of all, the decision to perform a needle biopsy of
the lesions only when strictly necessary was taken on 
the basis of risk/benefit ratio criteria to reduce the risk of
complications.

Like Gervais et al., short-term and mid-term follow-
up of the treatment were based on loss of contrast en-
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hancement at CT scans, except for patients with compro-
mised renal function, in which gadolinium-enhanced
magnetic resonance imaging was used [27]: technical
success was defined as the absence of contrast-enhance-
ment at the first (about 1-month) follow-up study, and
then after at least 6 months. Local efficacy of RFA is the
most controversial topic: while some studies on lesions
treated with RFA and then resected immediately or with-
in a short period assert that necrosis induced by the treat-
ment is often incomplete [29, 30], others demonstrate
that tissue destruction can be complete [31, 32]. These
differences can reflect the scarce standardization of the
procedure, which is performed with different ablation
systems and techniques (single or multiple-electrode ar-
rays, cooled or hooked needles, dry or wet-tip probes;
varying power and time settings; temperature- or imped-
ance-based protocols) [15]. Moreover, Gervais demon-
strated that the technical success of the therapy depends
on the tumor size and location, being maximum for exo-
phytic or parenchymal tumors (that are different from
central tumors, i.e., those with extension into renal fat)
and for those 3 cm or smaller [27]. Also in our series, the
two non-completely ablated tumors after the first session
were, respectively, a central lesion and a lesion larger
than 3 cm; the latter, parenchymal-central, required two
sessions for a complete treatment.

To date, in all published studies the median follow-up
period is relatively short (also considering the natural

history of RCC). In our series, the only death was not re-
lated to RCC. All other patients have a stable local result
at imaging with normal or reduced renal function, but
still sufficient to avoid dialysis. These clinical results are
very encouraging; however, considering the rationale to
treat these lesions (potential long-term mortality for
metastatic or multifocal progression of the disease) [11],
a much longer follow-up time is required before clinical
usefulness of the technique can be validated. Compara-
tive studies with nephron-sparing surgery and other min-
imally invasive techniques should be recommended, too
[33].

Conclusions

US-guided RF thermal ablation for RCC is feasible and
safe. Our experience and most published reports show
that RF thermal ablation can be proposed in clinical
practice for small non-parahilar renal tumors in patients
with solitary kidney (especially those with hereditary re-
nal tumors), with coexisting morbidity, short life expect-
ancy or other surgical contraindications, e.g., in case of
transplanted kidney [34]. Treatment can be effective in
these patients in order to avoid or delay nephrectomy or
dialysis. A wide standardization and larger follow-up are
necessary to permit RFA to develop past its “infancy”
[28, 33].

2309

References

1. Reddan DN, Raj GV, Polascik TJ
(2001) Management of small renal tu-
mors: an overview. Am J Med
110:558–562

2. Roy-Choudhury SH, Cast JE, Cooksey
G, Puri S, Breen DJ (2003) Early expe-
rience with percutaneous radiofrequen-
cy ablation of small solid renal masses.
Am J Roentgenol 180:1055–1061

3. Walther MM, Choyke PL, Glenn G,
Lyne JC, Rayford W, Venzon D, 
Linehan WM (1999) Renal cancer in
families with hereditary renal cancer:
prospective analysis of a tumor size
threshold for renal parenchymal spar-
ing surgery. J Urol 161:1475–1479

4. Pavlovich CP, Walther MM, Choyke
PL, Pautler SE, Chang R, Linehan
WM, Wood BJ (2002) Percutaneous 
radio frequency ablation of small renal
tumors: initial results. J Urol
167:10–15

5. Gervais DA, McGovern FJ, Wood BJ,
Goldberg SN, McDougal WS, Mueller
PR (2000) Radio-frequency ablation of
renal cell carcinoma: early clinical ex-
perience. Radiology 217:665–672

6. Uzzo RG, Novick AC (2001) Nephron
sparing surgery for renal tumors: indi-
cations, techniques and outcomes. 
J Urol 166:6–18

7. Chin JL, Pautler SE (2002) New tech-
nologies for ablation of small renal tu-
mors: current status. Can J Urol
9:1576–1582

8. Janzen N, Zisman A, Pantuck AJ, 
Perry K, Schulam P, Belldegrun AS
(2002) Minimally invasive ablative 
approaches in the treatment of renal
cell carcinoma. Curr Urol Rep 
3:13–20

9. Lee JM, Kim SW, Chung GH, Lee SY,
Han YM, Kim CS (2003) Open radio-
frequency thermal ablation of renal
VX2 tumors in a rabbit model using a
cooled-tip electrode: feasibility, safety,
and effectiveness. Eur Radiol
13:1324–1332

10. Poston CD, Jaffe GS, Lubensky IA,
Solomon D, Zbar B, Linehan WM,
Walther MM (1995) Characterization
of the renal pathology of a familial
form of renal cell carcinoma associated
with von Hippel-Lindau disease clini-
cal and molecular genetic implications.
J Urol 153:22–26

11. Eschwege P, Saussine C, Steichen G,
Delepaul B, Drelon L, Jacqmin D
(1996) Radical nephrectomy for renal
cell carcinoma 30 mm or less: long-
term followup results. J Urol
155:1196–1199

12. Corwin TS, Lindberg G, Traxer O,
Gettman MT, Smith TG, Pearle MS,
Cadeddu JA (2001) Laparoscopic 
radiofrequency thermal ablation of re-
nal tissue with and without hilar occlu-
sion. J Urol 166:281–284

13. Jacomides L, Ogan K, Watumull L,
Cadeddu JA (2003) Laparoscopic ap-
plication of radio frequency energy en-
ables in situ renal tumor ablation and
partial nephrectomy. J Urol 169:49–53

14. Ogan K, Cadeddu JA (2002) Minimal-
ly invasive management of the small
renal tumor: review of laparoscopic
partial nephrectomy and ablative tech-
niques. J Endourol 16:635–643

15. Desai MM, Gill IS (2002) Current sta-
tus of cryoablation and radiofrequency
ablation in the management of renal 
tumors. Curr Opin Urol 12:387–393



16. Zlotta AR, Wildschutz T, Raviv G,
Peny MO, van Gansbeke D, Noel JC,
Schulman CC (1997) Radiofrequency
interstitial tumor ablation (RITA) is a
possible new modality for treatment of
renal cancer: ex vivo and in vivo expe-
rience. J Endourol 11:251–258

17. Zlotta AR, Schulman CC (1999) Abla-
tion of renal tumors in a rabbit model
with interstitial saline-augmented ra-
diofrequency energy. Urology
54:382–383

18. McGovern FJ, Wood BJ, Goldberg SN,
Mueller PR (1999) Radio frequency
ablation of renal cell carcinoma via im-
age guided needle electrodes. J Urol
161:599–600

19. Patel VR, Leveillee RJ, Hoey MF, 
Herron AJ, Zaias J, Hulbert JC (2000)
Radiofrequency ablation of rabbit kid-
ney using liquid electrode: acute and
chronic observations. J Endourol
14:155–159

20. Gill IS, Hsu TH, Fox RL, Matamoros
A, Miller CD, Leveen RF, Grune MT,
Sung GT, Fidler M (2000) Laparoscop-
ic and percutaneous radiofrequency ab-
lation of the kidney: acute and chronic
porcine study. Urology 56:197–200

21. Crowley JD, Shelton J, Iverson AJ,
Burton MP, Dalrimple NC, Bishoff JT
(2001) Laparoscopic and computed
tomography guided percutaneous ra-
diofrequency ablation of renal tissue:
acute and chronic effects in an animal
model. Urology 57:976–980

22. Miao Y, Ni Y, Bosmans H, Yu J, 
Vaninbroukx J, Dymarkowski S, Zhang
H, Marchal G (2001) Radiofrequency
ablation for eradication of renal tumor
in a rabbit model by using a cooled-tip
electrode technique. Ann Surg Oncol
8:651–657

23. Rendon RA, Gertner MR, Sherar MD,
Asch MR, Kachura JR, Sweet J, Jewett
MA (2001) Development of a radiofre-
quency based thermal therapy tech-
nique in an in vivo porcine model for
the treatment of small renal masses. 
J Urol 166:292–298

24. Wood BJ, Grippo J, Pavlovich CP
(2001) Percutaneous radio frequency
ablation for hematuria. J Urol
166:2303–2304

25. Hall WH, McGahan JP, Link DP, de-
Vere White RW (2000) Combined em-
bolization and percutaneous radiofre-
quency ablation of a solid renal tumor.
Am J Roentgenol 174:1592–1594

26. Tacke J, Mahnken A, Bucker A, Rohde
D, Gunther RW (2001) Nephron-spar-
ing percutaneous ablation of a 5 cm re-
nal cell carcinoma by superselective
embolization and percutaneous RF-ab-
lation. Rofo Fortschr Geb Rontgenstr
Neuen Bildgeb Verfahr 173:980–983

27. Gervais DA, McGovern FJ, Arellano
RS, McDougal WS, Mueller PR (2003)
Renal cell carcinoma: clinical experi-
ence and technical success with radio-
frequency ablation of 42 tumors. 
Radiology 226:417–424

28. deBaere T, Kuoch B, Smayra T, 
Dromain C, Cabrera T, Court B, Roche
A (2002) Radio frequency ablation of
renal cell carcinoma: preliminary clini-
cal experience. J Urol 167:1961–1964

29. Michaels MJ, Rhee HK, Mourtzinos
AP, Summerhayes IC, Silverman ML,
Libertino JA (2002) Incomplete renal
tumor destruction using radio frequen-
cy interstitial ablation. J Urol
168:2406–2410

30. Rendon RA, Kachura JR, Sweet JM,
Gertner MR, Sherar MD, Robinette M,
Tsihlias J, Trachtenberg J, Sampson H,
Jewett MA (2002) The uncertainty of
radio frequency treatment of renal cell
carcinoma: findings at immediate and
delayed nephrectomy. J Urol
167:1587–1592

31. Walther MC, Shawker TH, Libutti SK,
Lubensky I, Choyke PL, Venzon D,
Linehan WM (2000) A phase 2 study
of radio frequency interstitial tissue ab-
lation of localized renal tumors. J Urol
163:1424–1427

32. Matlaga BR, Zagoria RJ, Woodruff
RD, Torti FM, Hall MC (2002) Phase
II trial of radio frequency ablation of
renal cancer: evaluation of the kill
zone. J Urol 168:2401–2405

33. Mahnken AH, Günther RW, Tacke J
(2004) Radiofrequency ablation of re-
nal tumors. Eur Radiol
DOI:10.1007/s00330-004-2360-y 
(in press)

34. Charboneau JW, O’Loughlin MT,
Milliner DS, Engen DE (2002) Sono-
graphically guided percutaneous radio
frequency ablation of a renal cell 
carcinoma in a transplanted kidney. 
J Ultrasound Med 21:1299–1302

2310


