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Abstract Percutaneous thermal ab-
lation is increasingly applied in the
therapy of renal tumors. Various
techniques are available, allowing a
safe and accurate therapy of renal tu-
mors either using hyperthermia such
as radiofrequency ablation (RFA),
laser-induced thermotherapy (LITT)
and microwave ablation (MW) or by
hypothermia (cryoablation). As ther-
mal ablation is a minimally invasive
and nephron-sparing procedure, it is
ideally suited for patients with a sin-
gle kidney, multiple tumors or con-
traindications for resective surgery.
Although cryotherapy is the most 
extensively studied technique, RFA
has become the most accepted ther-
mal ablation technique over the last
years. Modern RFA probes allow ab-

lation volumes between 2 and 5 cm
in diameter. A major advantage of
RFA is the ability to avoid tract
bleeding and tumor seeding by coag-
ulating the puncture channel during
RF probe withdrawal. The increasing
number of clinical reports on RFA 
of the kidney show the promising
potential of renal RFA for minimally
invasive tumor treatment. Due to its
technical benefits, RFA seems to be
advantageous when compared to
cryoablation or laser ablation. How-
ever, there are no long-term follow-
up or comparative data proving an
equal effectiveness to surgery.
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Introduction

During 2002, the American Cancer Society reported
31,800 new cases and 11,500 deaths from renal cancer
[1]. While historically renal cell carcinoma (RCC) was
detected by flank pain and hematuria, the development
of imaging techniques such as ultrasound (US) and com-
puted tomography (CT) have led to an increased detec-
tion rate of small renal tumors [2]. Further advances in
cross-sectional imaging with the introduction of multi-
slice spiral CT (MSCT) and high-field magnetic reso-
nance imaging (MRI) in clinical routine and the more
widespread availability of cross-sectional imaging have
resulted in an even earlier tumor detection. About two-
thirds of all RCCs are now detected incidentally [3].
However, the differentiation of small renal tumors re-
mains difficult [4]. The natural history of renal tumors is

variable, but histological tumor type and tumor stage are
important prognostic factors, with a survival advantage
attributed to smaller tumors [5, 6]. Moreover, tumors less
than 4 cm in diameter rarely metastasize.

The traditional treatment of RCC was open radical
nephrectomy [7]. More frequent detection of small tu-
mors pushed the development of less invasive techniques
such as nephron-sparing partial nephrectomy via an open
or laparoscopic approach. These techniques were suc-
cessfully introduced in clinical routine with results equal
to radical nephrectomy [8]. The 10-year tumor-free sur-
vival rates were greater than 85% following nephron-
sparing surgery [9, 10]. Initially limited to patients with
bilateral disease or solitary kidney, nephron-sparing sur-
gery is now being applied to patients with healthy con-
tralateral kidney also [11]. These convincing results
pushed the development of new therapeutic concepts and
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the introduction of even less invasive, energy-based
treatment options. Several of these thermal ablation tech-
niques are now subject to clinical investigation.

Thermal ablation techniques

For patients with contraindications or those who refuse
open surgery, thermal ablation techniques are a promis-
ing option. Like nephron sparing surgery, energy-based
non-surgical ablation techniques are suited for patients
with solitary kidney or compromised renal function. If
these techniques prove as effective as nephron-sparing
surgery, they can be applied to patients with small renal
masses and normal contralateral kidney also. There is a
variety of thermal ablation techniques available that can
be applied under analgo-sedation or general anesthesia.
All of these techniques are energy-based either by hyper-
thermia—radiofrequency ablation (RFA), laser-induced
thermotherapy (LITT) and microwave ablation (MW)—
or by hypothermia (cryoablation). In all techniques, hy-
perthermal or hypothermal effects on tumor tissue result
in coagulation necrosis, which scars over time. In order
to completely destroy the tumor, thermal effects must 
exceed the tumor margin into healthy renal parenchyma.
Adversely, thermal damaging of the calices and renal
pelvis must be avoided in any case. Therefore, centrally
located tumors are a contraindication for thermal tumor
ablation. Unlike open or laparoscopic surgery, thermal
therapy allows no direct visual control of the critical
structures during the intervention. Consequently, an opti-
mal monitoring system (US, CT or MRI) is mandatory.

Radiofrequency ablation (RFA)

Over the last years, RFA has become the most common-
ly used thermal ablation technique. It is mainly applied
for therapy of hepatic malignancies. Among other tumor
locations, renal RFA has become increasingly accepted
over the last few years. First applied in 1997 [12], renal
RFA is now the most commonly applied percutaneous
ablation technique in renal malignancies.

In RFA high-frequency electrical current (375–
480 kHz) is used, which is applied through needle elec-
trodes. It causes molecular friction with heat production
that leads to a coagulation necrosis with surrounding in-
flammatory changes. Over time, renal RF lesions show
progressive fibrosis with variable reabsorption [13]. The
effect of the applied RF energy decreases with increasing
distance from the active tip of the probe. As induction of
necrosis with RFA requires a temperature >60°C, highly
vascular tissue such as the renal parenchyma may limit
the size of the necrosis because of a heat sink. In combi-
nation with different probe designs, this effect has to be
considered when planning the ablation procedure. Vari-

ous probe designs are available, including differently
shaped needles or expandable probes [14]. Some probes
are internally cooled to reduce desiccation and charring
around the active tip of the probe; others directly infuse
saline into the tissue parenchyma to allow a better elec-
trical conduction and thereby larger necrosis volumes.
Contrary to cryotherapy, results of animal experiments
indicate that temporary occlusion of the renal artery 
allows for the modulation of the size of the necrosis 
[15, 16]. Tumor embolization with coils or particles prior
to RFA uses the same effect. The size and configuration
of the ablated tissue mainly depends on the tissue imped-
ance, ablation time, amount of delivered energy and 
surface area of the electrodes. Mostly, the effect of the
ablation is controlled by monitoring of the temperature
or the impedance at the tip of the electrode. To avoid
damage to neighboring organs such as the colon, parare-
nal injection of air, CO2, water or saline might be useful
[17].

Among all hyperthermal ablation procedures, RFA
became the most accepted, presumably because of its 
superior relation between probe diameter and size of ab-
lated tissue. Modern RF probes allow for ablation vol-
umes between 2 and 5 cm in diameter using a probe
shaft diameter of 7F or less. When compared to other
thermal ablation techniques, the ability to avoid tract
bleeding and tumor seeding by coagulating the puncture
channel during RF probe withdrawal is an important ad-
vantage of RFA. Consequently, the risk of bleeding com-
plications is low. Opposite to cryotherapy, however, the
heat extension during ablation cannot be monitored di-
rectly and therefore requires a thorough planning of the
procedure. While placement of the probes is possible un-
der US, CT and MR guidance, the formation of micro-
bubbles limits the use of US during and immediately fol-
lowing the intervention [18]. As coagulated and necrotic
tissue is not perfused, contrast administration before
probe retraction helps to estimate the ablation result dur-
ing CT-guided or MR-guided RFA. In one study compar-
ison between MR imaging and pathologic examination
allowed for differentiation between treated and untreated
renal parenchyma within a range of 2 mm [19].

Several approaches have been reported to apply RFA
to the kidney. These include open surgical exposure, la-
paroscopic exposure and an entirely percutaneous ap-
proach. Animal experiments showed no difference in the
results using different approaches towards the kidney
[20].

The increasing number of clinical reports on renal
RFA outline the promising potential of renal RFA for
minimally invasive tumor treatment. The first case of
percutaneous RFA of an exophytic RCC prior to radical
open nephrectomy was reported by Zlotta et al. in 1997
[12]. In 1999, McGovern et al. reported on the first case
of RFA as sole treatment for renal tumor with 3 months
of follow-up [21].
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The largest series with 34 patients with 42 RCC un-
dergoing 54 percutaneous RFA treatments was reported
by Gervais et al. in 2003 [22]. The tumor size ranged
from 1.1 to 8.9 cm with a mean diameter of 3.2 cm. With
a mean follow-up period of 13.2 months, this study
proved RFA to be effective. Most important, this study
demonstrated the influence of tumor location on the ab-
lation results. Therefore, exophytic tumors, even if they
are bigger than 3 cm in diameter, can be treated effec-
tively by use of RFA, while parenchymal and central tu-
mors recur more frequently if the diameter exceeds 3 cm.
Thus, devascularizaion of tumors exceeding a diameter
of 3 cm by embolization seems to be advantageous, as
less energy is required and the remaining renal parenchy-
ma will be protected [23, 24]. Furthermore, animal ex-
periments indicate an influence of tumor location on the
complication rate, with central tumors prone to major
complications, including renal artery injury [25]. Table 1
summarizes the preliminary results and clinical reports
on renal RFA.

Complications are rare and limited to hematoma, ure-
teral obstruction and fistulas, which can be treated con-
servatively. Gervais et al. reported complications in 4 out
of 54 visits, including bladder outlet obstruction because
of hematuria in prostatic hyperplasia (n=1), ureteral ob-
struction for several reasons that required ureteral stent
placement (n=2) and one case of perirenal hematoma. In
another study, a single 5-mm cutaneous metastasis along
the puncture tract was reported, which was resected
without any complications [26].

In two studies, concern was raised regarding the effi-
ciency of renal RFA. In both studies, RFA was per-
formed prior to nephrectomy. On histology, Michaelis et
al. found viable tumor in all specimens of all 13 tumors

included in this study [27]. Rendon et al. found viable
residual tumor in four of five tumors undergoing partial
or radical nephrectomy immediately after RFA and in
three of five tumors undergoing nephrectomy 1 week 
after RFA [28]. These observations have to be taken 
seriously, although other studies, including the authors’
own experience, do not support these findings. In con-
trast, Jacomides et al. performed tumor resection second-
ary to RFA in 5 of 17 laparoscopically treated RCC and
did not find residual tumor on histology [29]. Thus, con-
cern has to be raised regarding the ablation protocols
used by Rendon and Michaelis, as this has the most se-
vere impact on the efficiency of the procedure. From our
experience, it is crucial to chose an ablation protocol and
RF probe suited to create a necrosis large enough to keep
a sufficient safety margin (Fig. 1).

After the intervention, it is important to follow a strin-
gent imaging surveillance with contrast-enhanced MSCT
or MRI to detect local or systemic recurrence, as this can
be treated successfully by repeated percutaneous RFA.

Alternative thermal ablation techniques

Cryotherapy is the most extensively studied technique
for thermal ablation of renal tumors. Initially used to
treat hepatic or prostate tumors, it took until 1995 to be
described for percutaneous ablation of renal tissue [30].
The mechanism of tissue destruction is complex and
contains immediate and delayed effects [31, 32]. Using
either liquid argon or liquid nitrogen, core temperatures
of −187 or −195°C are achieved at the tip of the cryo-
probe. As the ice ball volume depends on the diameter of
the cryoprobe, tumors exceeding 2 cm in size require
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Table 1 Survey on clinical renal radiofrequency ablation. Perc. percutaneous; lap. laparoscopic; OP surgical; US ultrasound; CT com-
puted tomography

Author/year Method Patients/ Mean size Disease Follow-up
tumors (cm) free (months)

Zlotta 1997 [12] Perc. US, OP 2/3 2–5 3/3 –
McGovern 1999 [21] Perc. US 1/1 3 1/1 3
Hall 2000 [23] Perc. CT 1/1 3 1/1 3
Walther 2000 [47] Open 4/11 – – –
Tacke 2001 [24] Perc. CT 1/1 5 1/1 1
Michaelis 2001 [27] Open US, OP 15/20 2.4 1/20 3–24
Ogan 2002 [48] Perc. CT 12/13 2.4 12/13 4.9
Matlaga 2002 [49] Open US, OP 10/10 3.2 8/10 –
Pavlovich 2002 [50] Perc. US, CT 21/24 2.4 24/24 2
de Baere 2002 [51] Perc. US/CT 5/5 3–4 5/5 9
Rendon 2002 [28] Lap./perc., OP 10/11 2.4 4/11 –
Gervais 2003 [22] Perc. CT 34/42 3.2 36/42 13.2
Roy-Choudhury 2002 [52] Perc. US/CT 12/15 3.0 11/15 13.6
Jacomides 2003 [29] Lap. all, 5 OP 13/17 2 17/17 9.8
Su 2003 [53] Perc. CT 29/35 2.2 35/35 9
Mayo-Smith 2003 [26] Perc. US/CT 32/32 2.6 31/32 9
Farrell 2003 [54] Perc., OP US/CT 20/35 1.7 35/35 9
All/mean 232/276 2.8 81.8% 7.7



large (>3 mm) or multiple cryoprobes with an increased
risk for bleeding with enlarged diameter and number of
the probes. As the cold does not coagulate blood vessels,
hemostyptic techniques have to be applied after cryoab-
lation. Thus, percutaneous cryotherapy is limited to tu-
mors less than 2 cm in diameter. Larger lesions require a
surgical approach, with the majority of all renal cryoab-
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Fig. 1 a RF ablation in a 71-year-old female patient with renal
cell carcinoma. Multiplanar reformat (MPR) from a pre-interven-
tional MSCT depicts a 4.1-cm tumor at the lower pole of the left
kidney. b Angiography shows the hypervascular tumor at the low-
er pole of the left kidney. c The day before RFA embolization with
coils and microspheres was performed, and the feeding vessels
were occluded. d The RF probe was placed percutaneously under
CT guidance via a dorsal approach. e One day after RFA, MPR
from a contrast-enhanced MSCT shows a hypodense tumor with-
out contrast enhancement, corresponding to a complete tumor 
necrosis. A sufficient safety margin without contrast enhancement
around the tumor is visible

lations being performed via a laparoscopic or an open
surgical approach. In detail, different clinical studies on
renal cryotherapy are summarized in Table 2.

Using different approaches towards renal cryotherapy,
several complications have been reported. Most impor-
tant are bleeding complications, either as renal laceration
[33]—requiring suturing—or small perinephric hemor-
rhage [34]. Laceration of the liver has also been de-
scribed [35]. To avoid injury of adjacent organs, protec-
tion from the cryoprobe is needed. Directly related to
cryotherapy pancreatic injury [36], ureteropelvic junc-
tion stricture [37] and complete bowel obstruction [38]
have been described. From animal experiments, urinary
extravasation was reported. However, until now no uri-
nary leak was seen in patient series, even in case of in-
volvement of the collecting system in the ice ball [33].

LITT has also been shown to be a possible treatment
of RCC. However, for lesions exceeding 2 cm in diame-
ter, a cooling catheter is necessary, which increases the



diameter of the device up to 9F. On the other hand, LITT
is principally MR-compatible and allows MR-thermome-
try during ablation. Therefore, this technique is well suit-
ed for MR-guided interventions. However, the technical
effort of LITT is higher than that of RFA and cryother-
apy, and thus, there is only a small number of clinical 
reports, which are limited to patients with unresectable
tumors [39, 40].

Microwave ablation is characterized by rapid induction
of small necrosis volumes and has been used intra-opera-
tively exclusively. Although technically very interesting,
there are no MW probes commercially available that are
suited for percutaneous induction of thermal lesions
greater than 2 cm in diameter. The main advantage of this
technique is its ability to avoid bleeding from the renal pa-
renchymal incision. Nevertheless, there is only limited pa-
tient data available from this treatment option [41, 42].

In animal studies, high intensity focused ultrasound
has been applied also to create renal coagulation necrosis
[43, 44]. Only recently has preliminary experience in a

clinical setting been reported [45, 46]. However, this
technique is still highly experimental, with several prob-
lems concerning visualization of the target lesion as well
as control of the lesion size, and until now high intensity
focused ultrasound lacks sufficient clinical experience.

Summary

In summary, percutaneous thermal tumor ablation is a
rapidly increasing technique, allowing a safe and accu-
rate therapy of renal tumors. As it is a minimally inva-
sive and nephron-sparing procedure, it is ideally suited
for patients with a single kidney, multiple tumors (Hip-
pel-Lindau’s disease) or contraindications for radical
surgery. Due to its technical benefits, RFA seems to be
advantageous compared to cryoablation or laser ablation.
However, it lacks long-term follow-up data or compara-
tive studies proving an equal effectiveness of RFA when
compared to surgery.
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Table 2 Survey of clinical renal cryotherapy ablation. Perc. percutaneous; lap. laparoscopic; OP surgical

Author/year Method Patients Mean size Disease Follow-up 
(cm) free (months)

Uchida 1995 [30] Perc. US 2 – 2/2 7.5
Delworth 1996 [55] OP 2 5 2/2 1.5
Bishoff 1999 [56] Lap. 8 2 8/8 7.7
Gill 2000 [35] Lap. 32 2.3 31/32 16.2
Harada 2001 [57] Perc. MRI 4 – – –
Rukstalis 2001 [33] OP 29 2.2 28/29 16
Shingelton 2001 [34] Perc. MRI 20 3.2 20/20 9.1
Korshandi 2002 [58] OP 17 2 15/16 30
Lee 2003 [36] Lap. 12 (20)a 2.8 7/7 26.7
Lowery 2003 [59] Lap. 18 – 18/18 –
Nadler 2003 [60] Lap. 10 (15)b 2.2 9/10 14.9
All/mean 154 (167) 2.7 97.2% 14.4

a 12/20 patients suffered from RCC
b 10/15 patients suffered from RCC
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