
Ablative therapies of renal tumors are
steadily gaining popularity in clinical
practice due to the many benefits they
offer to patients. Moreover, ablative
procedures hold promise in the field of
uro-oncology for the best compromise
between low invasiveness, high effica-
cy and advantages in terms of procedural
costs. Reported outcomes with ablative
therapies for small renal tumors are
excellent and without significant dif-
ferences for surgical procedures based
on nephron-sparing surgery. Neverthe-
less, these methods for treatment of
small renal tumors should still be con-
fined to carefully selected patients. This
review discusses the currently used
ablative techniques in urology.
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Introduction

Approximately 3650 new cases of renal cell cancer are reported in Poland
each year. This number increases annually by 2.5% [1]. The widespread uses
of radiological imaging increased the number of incidentally detected renal
tumors in asymptomatic patients. The number of performed computed tomog-
raphy scans increases every year by 10% [2]. High frequency of small renal
tumors detection is also associated with wide accessibility to ultrasonogra-
phy, which has become the initial imaging technique during the diagnostic
process in urology. About 40% of detected renal tumors are clinically silent [3].
45% of these tumors are renal cell carcinoma (RCC) in stage T1N0M0, charac -
terized by favorable prognosis after radical surgical treatment [4]. Retrospec-
tive studies have proved that the application of nephron-sparing surgery (NSS)
for these patients is as effective as radical nephrectomy. The use of NSS tech-
niques in small tumors is highly recommended in all patients due to increased
risk of development of chronic renal disease after radical nephrectomy [5, 6]. How-
ever, taking into account the increasing incidence of kidney cancer, partial nephrec-
tomy has become an inconvenient method of treatment. The main disadvantages
of partial nephrectomy are the long learning curve, duration of surgery and high
costs of the procedure. Ablative treatment is an alternative method which can
successfully replace partial nephrectomy in many cases.

Indications for ablative therapy

Ablative techniques are also recommended for removal of renal tumors in
patients with von Hippel-Lindau syndrome and with one active kidney [7]. The
most commonly used ablative techniques in urology are cryoablation and
radiofrequency ablation (RFA). The next generation ablative techniques uti-
lizing microwaves and ultrasound for tissue necrosis are under clinical trials
[8]. According to EAU (European Association of Urology) guidelines, renal tumors
smaller than 4 cm (T1a) are the only suitable indication for ablative therapy.
The primary factors for further eligibility of patients are the favorable local-
ization of the lesion and the number of tumors. Tissue ablation is usually appro-
priate for patients with only a few small tumors. The secondary indications
are age and life expectancy after surgery. Given the controversial radicality
of ablation therapies this treatment should be offered to patients with life
expectancy less than 10 years. There is a need for long-term follow-up to com-
pare the recurrence rate in patients after ablation and partial nephrectomy.
Results of this experiment should give a definitive answer to the question of the
effectiveness of the use of ablation in young patients and establish the place
of ablative techniques in the therapeutic process. Currently there are few stud-
ies with follow-up longer than 24 months. This is particularly important tak-
ing into account the tendency for detection of renal tumors in young people
without other diseases.

Ablation of renal tumors is mainly performed percutaneously nowadays
under ultrasound, CT (computed tomography) or MRI (magnetic resonance
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imaging) imaging in short-term general anesthesia. The choice
of ablation and imaging method should be adopted by a team
consisting of a urologist and an invasive radiologist [9]. The
outcomes of image-guided percutaneous ablation and
laparoscopic ablation are similar. Nevertheless, percutaneous
ablation is preferred for removing small tumors localized in
the renal cortex. More deeply located lesions should be ablat-
ed by laparoscopic access which allows one to protect the
ureter, blood vessels and intestinal wall from iatrogenic injury
during the procedure [10]. The main advantage of laparoscopy
is the possibility to take samples of pararenal fat for his -
topathological examination. The lack of pathological verifi-
cation of the tumor type requires careful and accurate post-
operative imaging of ablation lesions. CT or MRI imaging in
the follow-up of patients after renal tumor ablation is rec-
ommended. 

The first radiological evaluation should be done within 
3 months after surgery and the second one after 9 months [11].

Cryoablation

Cryoablation is a therapeutic method based on local
destruction of tissue by freezing. The first attempts to intro-
duce cryoablation to clinical practice were described in the
1960s. These studies concerned the treatment of primary
tumors of the liver. Until the 1990s only a few introductory
studies were published whose authors proposed cryoabla-
tion for experimental treatment for renal tumors. In 1995,
Uchida reported the first use of percutaneous renal cryoab-
lation [12]. The main limitation was the large size of cryoprobes
that made it difficult to precisely place them in the specified
part of the kidney. The advances that have been made in the
field of cryoablation equipment production led to the devel-
opment of needle-shaped cryoprobes with a diameter of 
2 millimeters. Such cryoprobes allow one to perform per-
cutaneous surgery and are suitable to remove renal tumors.
The latest cryoprobes do not exceed 1.5 millimeters. 

The effectiveness of tissue destruction during cryoablation
depends on the cooling rate and the number of cooling cycles.
The killing of tumor cells during cryoablation is a multistage
process. Cooling the normal tissue to –20°C triggers apoptosis
in all cells and results in their sudden death. Epithelial cells
of renal tubules are killed at a temperature of –19.6°C. The
tumor cells, especially RCC cells, are more resistant to low tem-
peratures. Only cooling of the tumor mass to –40°C guarantees
the death of all cancer cells [13]. The nature and extent of cell
damage depends on the cooling rate. The cooling rate of tis-
sue in the range of 10°C/h results in water crystallization in
the extracellular space. Ice crystals disrupt the cell membrane
and increase at the same time the extracellular osmolarity.
Cooling at a rate of 100°C/h initiates water crystallization in
the cell cytoplasm. Intracellular ice crystals damage the
organelles and intracellular compartments. The latest devices
for cryoablation allow one to cool the tissue at the rate of 50°C
per hour [14]. Apart from mechanical injury caused by ice crys-
tals, the devastating effect of low temperature on tumor tis-
sue is a consequence of damage to endothelium of blood ves-
sels. This leads to abnormal tumor tissue perfusion and in
turn extends the area of necrosis. Additionally, even a small
decrease of temperature triggers activation of heat shock pro-

tein, which may initiate apoptosis. These factors are respon-
sible for enlarged tissue necrosis beyond the freezing area
[14]. The area of frozen tissue depends on the size of the cry-
o probe, the probe core temperature and the degree of tissue
vascularization. The core probe reaches –150°C in about 2–
3 min. The temperature increases gradually to 0°C in the tis-
sue surrounding the cryoprobe. The formed ice ball has an
average temperature of –50°C; this is sufficient to freeze
a tumor and initiate necrosis. Some researchers suggest using
higher temperatures of –30°C to –40°C in order to reduce the
risk of bowel or ureter injury [15]. The correct placement of
the cryoprobe allows one to obtain at least 5 millimeters of
tissue margin around the tumor, which is frozen up to –20°C.
Cryoablation is recommended for treating renal tumors of up
to 3 cm. The state of art is to perform double-cycle freezing
with ultrasound evaluation of 1 cm area from the tumor’s bor-
ders [16]. Davol et al. followed up 48 patients after laparoscopic
cryoablation for 36–110 months (median ~5 years). Cancer-
free survival was in this study 87.5%. A local cancer recurrence
required repeat of the procedure and was successful in 97.5%
[17]. According to published data, attempts are being made
to remove larger tumors than 4 cm using cryoablation. Renal
tumors more advanced than stage T1a are characterized by
irregular shape and they require more than one cryoprobe to
freeze them. Nevertheless, using cryoablation in these cas-
es is not a recommended approach. 

Radiofrequency ablation

In 1997, Zlotta et al. first described the use of radiofre-
quency ablation (RFA) to treat renal tumors in three patients
[18]. Mc Govern and colleagues first performed ultrasound-
guided RFA of a renal tumor [19]. Currently, RFA is used as
a routine method of ablation in many centers and it is main-
ly done percutaneously under ultrasound as well as CT or MRI
imaging. The concept of this technique is passing a high-fre-
quency (460–500 kHz) alternating electrical current through
the tissue surrounding an electrode. The electrical resistance
of tissue causes its heating up during current flow. The pass-
ing current generates heat proportional to the current den-
sity; therefore the highest temperature is generated in the
tissues adjacent to the electrode. The deadly temperature
for tumor cells is about 50°C. The death of cells is a result
of protein denaturation and damage of the cell membrane
by high temperature. Radiofrequency ablation causes the
development of coagulative necrosis within 24 hours after
the procedure. The necrotic area undergoes fibrosis in the
next 2–3 weeks [20] (Fig. 1). The requirement for successful
ablation using RFA is to obtain a temperature of 50–100°C
throughout the tumor and maintain it for 3–5 min. In mod-
ern devices the temperature in the area surrounding the probe
is monitored to avoid exceeding 100°C. Temperature high-
er than 100°C results in tissue vaporization and charring. 
It reduces the effectiveness of ablation, because there is no
circuit between the probe and the ground. Generally, all
devices must generate 200 W of power to perform successful
ablation. A single probe is used for the removal of tumors
smaller than 2 cm. Several probes or a single probe with
branches like an umbrella needs to be used in cases of renal
tumors of size greater than 2 cm [21]. The use of RFA is rec-
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ommended for tumors less than 4 cm. Varkarakis et al. report-
ed that lesion size influences the efficacy of RFA. In patients
with renal tumors less than 3 cm local recurrence was not
observed in any case. On the other hand, in patients with
tumors larger than 4 cm the efficacy of therapy decreased
to 80% [22]. Gervais et al. did not report any local recurrence
in 100 patients after RFA renal tumors smaller than 4 cm. The
average follow-up in studies concerning clinical use of ab -
lative methods is 2.5 years (Fig. 2) [23]. 

Localization of tumor is another crucial factor that has an
impact on ablation effectiveness. 

Lesions situated within the renal cortex are the most suit-
able for treatment with RFA.

The ablation of tumors adjacent to the collective sys-
tem is a more challenging task. Firstly, in this case there
is a high risk of accidental damage of the renal hilum ves-
sels. Secondly, these vessels work as heat exchangers that
decrease the temperature generated by the RFA probe. In
overall clinical usefulness RFA is a comparable method 
of treatment to cryoablation. The risk of iatrogenic injury
during the procedure is similar in both techniques. The main
side effects are injuries of the ureter and renal hilum ves-
sels [24]. RFA requires a highly skilled ultrasound opera-
tor to be well performed. The main challenge is to accu-
rately place the RFA needle just in the middle of the long
axis of the tumor. 

FFiigg..  11..  Thermoablation of renal tumor, using a probe with multiple
tines (open method)

FFiigg..  22..  State after unsuccessful RFA removal of renal mass. The re   -
currence at the edge of the area treated with thermoablation (X).
The arrows indicate the place of recurrence

FFiigg..  33..  Currently, most thermoablation is performed under ultrasonography. Ultrasound is also used to take a biopsy specimen from
a lesion. The renal mass before thermoablation (picture AA). The same tumor after thermoablation (picture BB)

AA BB
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High-intensity focused ultrasound 

Percutaneous application of high-intensity focused ultra-
sound (HIFU) is an attractive method to treat small renal
tumors. The HIFU procedure is image guided using MRI or
ultrasound to target the ultrasound beam on the tumor in
the most optimum way. HIFU is a completely non-invasive
procedure for patients. During HIFU therapy the ultra-
sound generator moves over the patient’s skin under com-
puter control. The high-energy ultrasound waves are gen-
erated by a cylindrical piezoceramic element with a parabolic
reflector. The computer automatically integrates data from
the imaging device with the movements of the robotic arm
where the ultrasound generator is situated, to precisely focus
the ultrasound beam on the tumor and deposit specific ener-
gy within it. The temperature rises due to energy deposition
up to 80°C and causes coagulation necrosis. Additionally, the
ultrasound waves induce vibration and tear the cytoplasmic
membrane. Hacker et al. investigated the effect of HIFU on
healthy renal tissue. He observed interstitial hemorrhages,
fiber rupture, shrinkage of collagen fibers and coagulation
necrosis [25]. In clinical practice the risk of accidental dam-
age to healthy tissue is very low due to use of effective imag-
ing guidance methods. Currently HIFU therapy for renal tumors
is under clinical trials but it is gaining popularity very fast and
in many centers HIFU is already used routinely. Kormann 
et al. published the results of ablating three tumors in one
kidney by HIFU. In this case, two tumors in the lower pole were
successfully cured, but the third one localized in the upper
pole was intact because the ultrasound waves were absorbed
by the ribs [26]. Marberger et al. described the use of HIFU
in 16 patients. The coagulation necrosis throughout the whole
renal tumor was confirmed only in 5 cases [27]. The failure
of HIFU therapy against renal tumors is associated with dif-
ficulties in the appropriate setting of HIFU generator para-
meters. The histological heterogeneity of small renal tumors
affects diffusion of the ultrasound beam in the tumor mass.
The disturbances in the propagation of ultrasound waves have
an impact on the effectiveness of HIFU ability to cause necro-
sis. The difficulties in proper energy deposition within tissue
lead to side effects often observed in patients undergoing HIFU
therapy. A long persistent hematuria and renal pain are most
commonly observed. These symptoms are a consequence of
damage of the renal structures. HIFU is an experimental
method today due to the limited therapeutic success con-
firmed in many clinical studies. Further improvements of this
method are absolutely necessary for the wide treatment of
renal tumors in clinical practice.

Microwave ablation 

Microwaves are emitted by the antenna which is percu-
taneously inserted in the tumor. It generates an alternating
magnetic field which induces rotation of water molecules and
thermal energy flow. Microwave ablation (MA) kills the cells
in a similar mechanism as RFA does. It increases the tem-
perature of tissue above 50°C and initiates coagulation ne -
crosis. Currently, microwave ablation is an experimental
method. Routinely, renal tumors are treated using microwaves
only in Japan. In Japan access to new medical technologies is
wider and cheaper than in Europe [28].

Nevertheless, microwave ablation is the therapy of the
future. According to the results of the preliminary research,
it is an equally effective method as other ablative procedures
presented above; however, it is much faster and easier to
perform. On the other hand, the number of studies is not
sufficient to compare its efficacy to well constituted abla-
tion techniques. The treatment of renal tumors using MA
requires a single session and takes 5 min. In comparison with
RFA, the temperature obtained in MA, using the same pow-
er, is higher. Additionally, microwaves penetrate very eas-
ily through the tumor and the temperature is more equal-
ly distributed. A homogeneous electromagnetic field is
generated around the probe. Thus the area of tissue necro-
sis is most predictable among all ablative methods. A 4 cm
tumor requires the application of a single percutaneous
antenna [29]. Studies have shown that microwave ablation
can be used effectively for small renal tumors in stage T1.
Liang et al. reported 12 cases of renal tumors which were
removed using microwave ablation. The follow-up was 11
months long and no recurrence was noted in any cases.
Based on the results of different studies, the risk of recur-
rence after renal tumor ablation using microwaves is cal-
culated at 5% [30].
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