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Background: The incidence of small (<4 cm) solid enhancing renal masses has been rising, and the majority

(60% to 80%) of these tumors are renal cell carcinomas (RCCs) when pathologic analysis is performed. Needle

ablation for small incidental renal masses is an attractive therapeutic option. Reasons include its decreased

morbidity, shorter convalescence, and the ability to avert the higher risk of extirpative surgery in an aging

patient population.Radiofrequency ablation (RFA) is a thoroughly studied needle ablative method used for RCC.

Methods: The current published literature on renal tumor RFA was reviewed. The in vitro experiments, animal

studies and clinical experience with RFA for treatment of small RCCs were analyzed and various controversies

in renal RFA are presented for discussion.

Results: Percutaneous and laparoscopic renal RFA can be safely performed and can eradicate small RCCs 

with cancer specific survival rates over 90% to 95% in many series. While long-term (5 years or greater) cancer

control data are not yet available, these intermediate-term results are similar to those achieved with traditional

nephron-sparing surgical options. However, the optimal method to perform RFA for renal masses is still evolving.

Conclusions: While long-term cancer control data are not yet available, the current literature suggests that RFA

can effectively eradicate small RCCs. Further research is needed to elucidate the influence of various treatment

variables, including impedance vs temperature-controlled RFA, sonographic vs computed tomographic guidance,

general anesthetic vs conscious sedation, and radiologist vs urologist delivery of renal RFA.

The indications for, techniques 

used, and outcomes from treating 

renal cancer with radiofrequency

ablation are reviewed.
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Introduction

Advances in the speed and precision of cross sectional
imaging have led to wider indications for their use.
Sonography, computed tomography (CT), magnetic res-
onance imaging (MRI), and positron emission tomogra-
phy (PET) are currently being used for evaluation of
abdominal complaints, virtual colonography, lung can-
cer screening, and follow-up of various benign and
malignant conditions.1,2 However, this has also led to a
dramatic rise in the detection of small (<4 cm) solid
renal masses, such that the majority of newly diagnosed
renal masses are incidentally found.2-4

The majority (65% to 80%) of these tumors are
renal cell carcinomas (RCCs) when pathologically ana-
lyzed.5 Therefore,patients presenting with these lesions
are counseled on all available treatment options, includ-
ing active surveillance, radical nephrectomy, nephron-
sparing surgery, and needle ablative techniques.
Although in the past, radical nephrectomy was routine-
ly offered for small renal masses, it is now increasingly
clear that a nephron-sparing approach should be
offered even if imperative indications for nephron spar-
ing are absent.6,7 However, extirpative surgery is not
without shortcomings. For example, open partial
nephrectomy is often performed through a large flank
incision, is associated with prolonged convalescence,
and can cause complications in up to 30% of cases.8,9

Similarly, recent publications on laparoscopic partial
nephrectomy have reported complication rates that are
comparable to the open approach.10,11

On the other hand, in situ ablation methods such as
radiofrequency ablation (RFA) have clear potential ben-
efits compared to the extirpative approach. They
include a decreased complication rate, shorter conva-
lescence, absence of an ischemic period, and the possi-
bility of using intravenous sedation over general anes-
thesia.12,13 These potential benefits are clearly desirable
in the increasingly older, sicker patients who represent
a growing proportion of patients presenting with these
incidental masses.14 While these potential benefits
make renal tumor ablation attractive for both patient
and surgeon,successful cancer control must remain the
highest priority for investigators in this field.

In this report, we review the literature on in vitro
experiments, animal studies, complications, and onco-
logic outcomes after RFA for biopsy-proven RCC.

Principles of RFA

RFA has been approved by the US Food and Drug Asso-
ciation for hyperthermic ablation of soft tissue
tumors. Its successful use has been widely published
for neoplasms arising in the liver, bone, lung, breast,
and kidney.15-17

In general, a grounding pad is placed on the patient,
and the radiofrequency probe is inserted and deployed
in the ablation zone. A computer-controlled generator
provides an alternating current in the radiowave fre-
quency of the electromagnetic spectrum. The tissue’s
impedance to this monopolar current leads to local tis-
sue hyperthermia, which is the basis for its therapeutic
effect. The temperatures reached during RFA depend on
the generator’s power, tissue impedance, heat conduc-
tivity and heat dissipation via the local circulation.

The cellular and tissue effects of RFA vary with the
duration of ablation and the local temperature achieved.
This temperature-time dependence was elegantly shown
by Bhowmick et al18,19 in their in vitro studies that
demonstrated irreversible cell injury when benign and
malignant human cell lines are heated to 45°C for 60
minutes, 55°C for 5 minutes, and 70°C for 1 minute. His-
tological analysis after RFA demonstrates typical coagu-
lative necrosis characterized by membrane disruption,
protein denaturation, and vascular thrombosis.20

Commercially available RFA units are broadly classi-
fied into temperature-based or impedance-based systems.
This means that the computer-controlled generator pro-
vides energy to the probe based on either the average
temperature achieved at the tines or the measured
impedance of the tissue during ablation. Impedance rises
towards infinity when tissues are desiccated during abla-
tion or when there is charring. Another major classifica-
tion in RFA technology is the differentiation between dry
RFA and wet RFA. Wet RFA probes allow constant infu-
sion of saline during ablation in order to mitigate the
charring effect and premature rise in impedance. While
there is a theoretical benefit to saline infusion, no ran-
domized studies have compared these modalities. A clas-
sification system for the different commercially available
RFA generators and probes has been proposed by inves-
tigators in the field.21

Renal RFA Technique

Renal RFA can be performed laparoscopically or percuta-
neously. Candidates include those with small, contrast-
enhancing,solid renal masses (<4 cm). Patients participate
in a thorough discussion of the risks, benefits, and alter-
natives to RFA before consenting to this procedure.
Specifically, patients are informed that while cancer con-
trol data are encouraging after renal RFA, long-term fol-
low-up to 5 years and beyond is not available to date.22

Patients are also counseled about the potential complica-
tions, including the risk of prolonged pain at the probe
insertion site, urinary collecting system injury causing
extravasation or stricture,and injury to adjacent organs.23

Patients agree to a strict protocol of radiographic follow-
up, and they understand that recurrence may require
repeat RFA or even radical nephrectomy.
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RFA is suitable for tumors that are <4 cm,and are >1
cm from the ureteropelvic junction, >1 cm from seg-
mental renal vessels, and not abutting the pyelocalyceal
system. Tumor location is the most important determi-
nant for the choice of surgical approach. Posterior or lat-
erally based tumors can be ablated percutaneously (perc
RFA) or via a retroperitoneoscopic approach. Anterior
tumors are ablated after laparoscopic (lap RFA) dissec-
tion of overlying bowel or adjacent organs away from
the zone of thermal ablation. The role of proper target-
ing is critical in achieving successful renal tumor abla-
tion. Consequently, CT guidance is more reliable than
sonographic guidance during perc RFA,as this allows the
surgical team to precisely target the tumor without the
problem of operator dependence that can occur with
ultrasound-guided ablation. However, there has not been
a study testing this hypothesis.

Anesthesia
In the laparoscopic approach, patients require general
anesthesia. In the percutaneous approach, some centers
favor conscious sedation, but general anesthesia may
allow for greater precision, increased accuracy, and
fewer needle punctures during placement and deploy-
ment of the RFA probe. This is because each percuta-
neous pass of the probe can be coordinated with the
anesthesiologist,who holds the patient at end-expiration
on the ventilator, allowing the tumor to remain perfectly
still during puncture and probe deployment. To date,
however, there has not been a study published on the
superiority of one anesthetic regimen over the other.

RFA Protocol
Since renal RFA has been in use for a relatively short
period, no randomized trials have been conducted
comparing temperature or impedance-based RFA tech-
nology. Similarly, there are no randomized comparisons
showing any differences between dry and wet RFA
electrodes in the clinical literature.

Thus, for the purposes of this review,we present our
own RFA protocol, which is just one of many successful
published protocols. We have reported our intermediate-
term results using a temperature-based RFA technique
and the RITA Medical Systems model 1500 RF generator
(RITA Medical Systems,Fremont,Calif).24 A 14-gauge Star-
Burst XL probe is typically used and the tines are
deployed in order to create an ablation zone diameter of
0.5 cm beyond the maximal tumor diameter on preoper-
ative imaging. The generator modulates power up to 150
watts to achieve an average temperature of 105°C, as
measured by five of the nine tines in the StarBurst XL
probe. Once this target temperature is reached, tumors
requiring tine deployment less than 2 cm are ablated for
5 minutes, tine deployment between 2 and 3 cm ablated
for 7 minutes, and tine deployment beyond 3 cm for 8
minutes. A 30-second cool-down period is followed by a

second ablation cycle of identical duration. Occasionally,
very small lesions (1 cm or less) are treated with a single
3- to 5-minute cycle. Extra cycles are applied at the sur-
geon’s discretion if ablation is considered to be incom-
plete on visual or radiographic inspection.

Laparoscopic RFA
Using a transperitoneal approach, the colon is reflected
and the fat overlying the tumor is dissected away to
reveal the tumor surface. Then, a laparoscopic ultra-
sound probe is used to precisely delineate the extent
and size of the tumor. The RFA probe is introduced
through a separate stab incision, with the goal of plac-
ing the probe in a perpendicular orientation to the
tumor surface. The tines are deployed to create a zone
of ablation that is 0.5 cm beyond the tumor margin.

Tine deployment is confirmed with laparoscopic
ultrasound before ablation is begun. The tines are
hyperechoic and should be located at the periphery of
the lesion before ablation is begun. Ablation causes
rapid tissue hyperthermia creating microbubbles that
prevent accurate visualization of the tines once begun.
Indeed, real-time sonographic monitoring of ablation is
unnecessary during RFA because the temperatures at
the margin of ablation are constantly monitored by the
StarBurst probe. Large tumor biopsies are taken after
ablation using a 10-mm toothed biopsy forceps, and we
have previously shown that such biopsies are fully
interpretable by pathologists.25 Another benefit to
biopsy after RFA is that the ablated tumor does not
bleed even with sizable biopsies.

Percutaneous Approach
We prefer CT-guided percutaneous renal RFA and
patients under general anesthesia. If the creatinine
clearance permits, 75 mL of intravenous contrast is
administered to localize the extent of the lesion accu-
rately. The RFA probe is inserted into the tumor and
tines are deployed to create an ablation zone 0.5 cm
beyond the tumor margin. An 18-gauge Tru-cut biopsy
is taken before ablation because the small size of Tru-
cut biopsy can hinder pathological interpretation after
RFA.25 Ablation ensues,using the above-mentioned pro-
tocol. Tract ablation is performed by withdrawing the
tines into the probe, then gradually removing the probe
from the renal fossa, keeping probe temperature above
70°C. After probe removal, an additional 75 mL more of
intravenous contrast is given to confirm non-enhance-
ment of the ablated tumor.

Follow-Up and Definitions of Success

Each patient undergoes biannual physical examination,
chest radiography, liver function tests, alkaline phos-
phatase measurement, and contrast-enhanced CT at 6
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weeks, at 6 months, and at every 6 months thereafter. A
radiologist and urologist review all CT or MRI images.
With further experience at our institution and interna-
tionally, the follow-up imaging protocols continue to
be refined.26,27

Incomplete ablation is defined as any enhance-
ment within the tumor ablation zone on CT or MRI on
initial 6-week imaging after RFA. Recurrence is defined
as any enhancement within the tumor ablation zone
after an initial non-enhancing 6-week CT or MRI. As
previously described, shrinkage of the ablated lesion is
not a requirement for ablation success as long as

growth and contrast enhancement were absent.26 We
recently reported on 3 patients who developed con-
trast enhancement in the periphery of the ablation
zone (distinct from the ablated tumor) after percuta-
neous RFA. Extirpative surgery in all 3 patients demon-
strated a foreign body giant cell reaction in this area,
indicating that such a granulomatous reaction can
account for such enhancement.28 Similarly, since a
chronic bacterial abscess in the ablation zone can
mimic renal cancer recurrence, a biopsy may be indi-
cated before salvage nephrectomy is performed.29

Patients with incompletely ablated or recurrent tumors

Author and No. of No. Mean Mean Cancer- Number Reablation Intraoperative Probe Type
Primary Tumors With Tumor Size Follow-Up Specific Undergoing Rate Imaging
Department RCC (cm, range) (mos, range) Successa Salvage 

(%) Partial or
Radical Nx

Percutaneous 
Radiofrequency

McDougal et al40 20 16 (80) 3.2 (1.1–7.1) 55.2 (48–60) 94 0 5 of 16b 80% CT Integra Radionics,
(Radiology) 20% U/S Burlington, Mass

Mayo-Smith et al41 32 N/A 2.6  (1–5) 9 (1–36) N/A 0 6 of 32c CT, U/S Valleylab, 
(Radiology) Boulder, Colo

Farrell et al42 35 23 (66) 1.7 (0.9–3.6) 9 (1–23) 100 0 0 19% CT RITA
(Radiology) 81% U/S Medical Systems,

Fremont, Calif, 
Valleylab

Zagoria et al43 24 18 (82) 3.5 (1–7) 7 (1–35) 83 0 2 of 24 CT RITA
(Radiology) Valleylab

Hwang et al44 9 9 (100) 2.2 (1.8–2.7) 13d (12–23) 100 0 0 CT, U/S Valleylab
(Urology)

Lewin et al45 10 6 (60) 2.3 (1–3.6) 23 (1.6–41.7) 100 0 0 MRI Radionics
(Radiology)

Park et al24 55 38 (69) 2.4 (1–4.1) 24.3 (12–48) 97 1 2 of 38 CT RITA
(Urology)

Varkarakis et al46 56 27 (48) 2.2 (1–4) 27.5 (12–48) 96 1 5 of 56c CT RITA
(Urology) Boston Scientific,

Natick, Mass

Sabharwal et al47 18 13 (72) 2 (1–4.3) 11 (1–24) 92 0 3 of 13 CT RITA
(Radiology)

Memarsadeghi et al48 24 10 (71e) 2 (N/A) 11.2 (0.2–31.5) 90 1 2 of 10 MRI RITA
(Radiology)

Laparoscopic 
Radiofrequency

Hwang et al44 15 15 (100) 2.2 (1.5–2.9) 13d (12–23) 93 0 0 U/S Valleylab
(Urology)

Park et al24 39 27 (69) 2.3 (1–4.2) 26 (12–36) 96 0 0 U/S RITA
(Urology)

U/S = ultrasound, CT = computed tomography, MRI = magnetic resonance imaging
a Cancer-specific success = (number with RCC and no enhancement or negative biopsy on follow-up) / (number with RCC) — 

regardless of number of ablations.
b Three patients underwent 1 repeat RFA (3.2 – 7.1 cm), 1 patient underwent 2 repeat RFA (4.2 cm), and 1 patient underwent 3 repeat RFA 

(3.6, 3.5, 3.1 cm, 3 tumors in one kidney).
c Reablation was performed for residual or recurrent enhancement, regardless of benign or malignant result on initial biopsy.
d Median follow-up.
e Biopsy was performed in only 14 tumors, 10 of which were renal cancer.

Table. — Published Data on Radiofrequency Ablation of Renal Cancer
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within the tumor ablation zone are given the option of
reablation or extirpative surgery.

Recently, some investigators have questioned the
validity of a radiographic definition of ablative success. In
a paper by Hegarty et al30 presented at the 2006 meeting
of the National American Urological Association,4 (7%) of
56 patients with no enhancement on 6-month MRI had
routine protocol biopsies showing persistence of renal
cancer. The authors suggested that follow-up imaging is
not infallible and that routine protocol biopsy is necessary
after renal RFA. After these data were presented,our insti-
tution (University of Texas,Southwestern Medical Center)
tested this hypothesis by offering a biopsy to patients
with no radiographic enhancement at least 12 months
after renal RFA. So far, 13 patients have undergone CT-
guided biopsy,and we have found no cases of histological
persistence of RCC (unpublished data,Cadeddu et al,Uni-
versity of Texas, Southwestern Medical Center, January
2007). In summary, radiographic follow-up remains the
primary means for defining successful ablation, but fur-
ther research is required to determine if and when follow-
up needle biopsy is warranted.

Safety and Complications

Several groups have reported their experience with
RFA, and the aggregate minor and major complication
rate after renal RFA is in the 5% to 10% range.24,31,32 In
the early experience with RFA, one study reported on
the pooled experience from 133 RFAs from four insti-
tutions. A 1.8% major and 9.2% minor complication
rate was reported, and 26 (86.7%) of the 30 complica-
tions were directly attributable to the ablation proce-
dure.33 As with all invasive procedures, the complica-
tion rate has diminished with more RFA experience and
an appreciation of the potential pitfalls.

The major complications reported in the litera-
ture include injury to the pyelocalyceal system, bowel
injury, and delayed gross hematuria requiring surgical
exploration or angiographic embolization.34,35 Pyelo-
calyceal injury can lead to either urine leakage or
stricture formation.23 Urinomas usually resolve with
ureteral stenting, whereas strictures in the collecting
system may require endopyelotomy or reconstructive
surgery.36 Animal and human studies on RFA have clear-
ly shown that intentional RFA of tumors lying in conti-
nuity with the collecting system is ill-advised,23,34,37 and
with more surgeons understanding this important rela-
tive contraindication, this major complication should
become scarce.

The minor complications include paresthesia at the
probe insertion site,38,39 self-limiting perinephric
hematomas,31 and anesthetic-related complications.
Paresthesias are thought to be related to thermal injury
to sensory and somatic nerves lying on the iliopsoas

muscle, and recent advances in surgical technique such
as saline dissection and minimization of tract ablation
along the iliopsoas should minimize the impact of this
complication.38

Cancer-Specific Outcomes

Thus far, the literature demonstrates excellent renal
cancer control (94.8% cancer-specific survival) after
RFA of small tumors (mean size 2.4 cm), with a mean
follow-up of 19.5 months (Table). Our own recently
published institutional data confirm those reported in
the literature by others.24 Since May 2001, all renal
tumors undergoing RFA at our institution have been
recorded in a prospective database. Only patients with
at least 12 months of follow-up were included in that
paper, and 94 tumors in 78 patients were treated (mean
size 2.4 cm). At a mean follow-up of 25 months,3 recur-
rences were noted, for an overall recurrence-free rate of
96.8%. In this patient population with numerous
comorbid conditions, there were 6 deaths but only 1
related to renal cancer, for a cancer-specific survival
rate of 98.5% and an overall survival rate of 92.3%.

The Table shows that while most tumors are suc-
cessfully treated after one RFA session, reablations
were necessary in some. It is important to remember
that cancer-specific outcomes in the ablation litera-
ture are reported regardless of the number of abla-
tions required to render a patient tumor-free. The
overall renal RFA reablation rate was 8.8% in the liter-
ature. Interestingly, this reablation rate correlated
closely to the specialty of the primary surgeon, such
that 72% of reablations were reported by radiologists
while only 28% were performed primarily by urolo-
gists (P<.0001). This was despite the finding that the
radiologist was the primary surgeon in only 31.4% of
tumors undergoing RFA in the literature. However, it
would be premature to conclude that the effective-
ness of ablation is related to the surgeon’s specialty.
This is because these results were derived from non-
randomized studies that were retrospective in nature.
Salvage radical or partial nephrectomy is the alterna-
tive to RF reablation, and it was reported in only 3
cases (1.1%) after RFA.

Conclusions

Although long-term cancer control is still lacking, cur-
rent intermediate-term cancer control data for RCC
ablation are encouraging. It is a safe treatment modali-
ty that, with longer follow-up, could potentially play a
larger role in the care of patients with renal masses due
to their potential for decreased morbidity, shorter con-
valescence, and the ability to avert the higher risk of
extirpative surgery in an aging patient population.
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Until further prospective data or a randomized trial
comparing the different RFA modalities are published,
the question of the optimal conditions for renal RFA
remains debatable.
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