
Percutaneous Ablation of the Small Renal
Mass—Techniques and Outcomes
Andrew J. Gunn, MD1 Debra A. Gervais, MD, FSIR2

1Department of Radiology, Massachusetts General Hospital/Harvard
Medical School

2Division of Abdominal Imaging and Intervention, Department of
Radiology, Massachusetts General Hospital/Harvard Medical School,
Boston, Massachusetts

Semin Intervent Radiol 2014;31:33–41

Address for correspondence Debra A. Gervais, MD, Division of
Abdominal Imaging and Intervention, Department of Radiology,
Massachusetts General Hospital, 55 Fruit Street, Boston, MA 02114
(e-mail: dgervais@partners.org).

Objectives: Upon completion of this article, the reader will be
able to describe patient selection and preparation for percu-
taneous ablation of a small renal mass. In addition, the reader
should be able to identify the technical aspects surrounding
the most commonly employed ablative strategies.
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Background, Indications, and Alternatives to
Percutaneous Ablation

There will be an estimated 65,150 new cases of renal cell
carcinoma (RCC) in 2013 with approximately 13,680 deaths
attributable to this disease.1 The increased incidence of RCC in
the United States is, in large part, secondary to the incidental
detection of small, localized RCCs in patients who undergo
cross-sectional imaging for an unrelated complaint.2–5 Clas-
sically, the gold standard for the treatment of even small,
localized tumors in the kidney has been radical nephrectomy.
However, given that these incidentally detected RCCs have
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Abstract An increasing number of T1a renal cell carcinomas are being diagnosed in recent
years, in part due to incidental detection from the increased use of cross-sectional
imaging. Although partial nephrectomy is still considered the primary treatment for
these small renal masses, percutaneous ablation is now being performed as a
standard therapeutic, nephron-sparing approach in patients who are poor surgical
candidates. Clinical studies to date have demonstrated that percutaneous ablation is
an effective therapy with acceptable outcomes and low risk in the appropriate
clinical settings. This article will review various clinical aspects regarding the
percutaneous ablation of small renal masses, including patient selection, preproce-
dural preparations, and the procedural considerations of commonly employed
ablative technologies. Specific techniques such as radiofrequency ablation, cryoa-
blation, microwave ablation, irreversible electroporation, and high-intensity focused
ultrasound will be addressed in detail. In addition, the technical and oncologic
outcomes of percutaneous ablation will be discussed and referenced to that of
partial nephrectomy.
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been shown to be smaller, of lower grade, and associatedwith
longer disease-free survival,6 nephron-sparing treatments
such as partial nephrectomy, laparoscopic ablation, and
percutaneous ablation are becoming more commonly used
in clinical practice. Indeed, all three alternatives to radical
nephrectomy have been shown to effectively treat small renal
masses with decreased rates of complication and less detri-
ment to patient renal function.3,6–12 However, only percuta-
neous ablation offers the patient with a small renal mass the
opportunity for cure without being subject to operative risks,
which is especially important for patients who are poor
surgical candidates or who are at increased risk for multiple
RCCs (such as in Von Hippel–Lindau syndrome). Moreover,
ablation is a viable alternative to surgery in patients with
chronic kidney disease (CKD), patients with comorbid con-
ditions that render them poor candidates for surgery, and
patients with a solitary kidney. According to current under-
standing, the ideal candidate for percutaneous ablationwould
have a renal mass smaller than 4 cm in diameter in a
noncentral location in the kidney and be without acute
illness, uncorrected coagulopathy, tumor extension beyond
Gerota fascia or into the renal vein, or metastatic disease.13 In
addition, in a small number of cases, radiofrequency (RF)
ablation has been successfully applied to treat tumor-related
hematuria in an attempt to ablate the interface of the tumor
and collecting system to coagulate the bleeding surface of a
tumor.

Definition of a Small Renal Mass

Early evaluations of ablative therapies for small renal masses
commonly categorizedmasses as “small” if theymeasured less
than 3 cm in diameter. This assessment was based on a then
commonly applied categorization scheme in the evaluation of
small liver tumors, specifically hepatocellular carcinoma.How-
ever, as experience and techniques matured, evaluation of
larger series showed that masses greater than 3 cm (in some
cases up to 4 cm)were amenable to ablation.3,12Moreover, the
American Joint Committee on Cancer (AJCC) staging system for
RCC classifies a T1a tumor as one that measures up to 4 cm.14

Thus, both the technical capabilities of tumor ablation and the
staging system converge upon 4 cm as an appropriate thresh-
old value for thedefinition of a small renalmass. Thus, the term
“small renal mass” and “T1a tumor”will be used interchange-
ably for the remainder of this discussion. When reporting
results from other authors who used a different size cutoff, the
values used will be specified with the results.

Preablative Considerations: Clinical Work-
Up and Biopsy

Patients considered candidates for percutaneous image-guid-
ed renal tumor ablation are typically evaluated by both an
interventional radiologist and an urologist before the proce-
dure. In some situations, a consultation with a medical
oncologist may also be warranted. The interventional radiol-
ogist ideally meets the patient at a clinic visit during which a
history and physical examination is obtained. Imaging find-

ings, laboratory work (including tests of hemostasis and renal
function), and pathology results, if available, can also be
reviewed with the patient at that time. At the authors’
institution, an international normalized ratio (INR), partial
thromboplastin time (PTT), and complete blood count are
obtained before the procedure. It is preferred that the INR
be < 1.5 and the PTT and platelet count be within normal
limits, although, platelet counts as low as 50,000/µL may be
acceptable in certain situations. All anticoagulation medica-
tions are discontinued for a period of time sufficient to
normalize coagulation. If normalization is not possible, fresh
frozen plasma and platelets can be administered.

The interventional radiologist formulates a plan for abla-
tion with the patient that includes the approach to be used,
the form of ablative therapy, the type of anesthesia to be used,
and any appropriate adjunctive measures (such as hydro-
dissection or pyeloperfusion). In general, there are three
types of anesthesia employed during percutaneous ablation:
general anesthesia with endotracheal intubation, deep seda-
tion with an anesthetist present, and moderate intravenous
(IV) sedation. The choice of sedation method is dependent on
several factors including the patients’ cardiorespiratory sta-
tus, metabolic status, ability to protect their airway, and
personal preferences. At the authors’ institution, the use of
moderate IV sedation is preferred, in which small doses of
anxiolytics and anesthetics are administered by radiology
nursing under the supervision of the interventional radiolo-
gist. However, some patients, with significant comorbidities
may benefit from more advanced monitoring by anesthesiol-
ogy personnel. Anesthesiologists may choose to intubate
patients with a significant risk of aspiration. Finally, all risks,
alternatives, and benefits are discussed with the patient (or
health care proxy) and informed consent is obtained.

There is still some degree of controversy that exists
surrounding the role of percutaneous biopsy of small renal
masses, especially when definite characterization by con-
trast-enhanced computed tomography (CT) or magnetic res-
onance imaging (MRI) is available. Although some argue that
the biopsy results are unlikely to change the clinical manage-
ment of the patient,15 others suggest that complications from
percutaneous ablation can be avoided if a benign diagnosis
can be obtained through percutaneous biopsy before abla-
tion.16 There are several advantages to preablative biopsy of
small renal masses. For example, reports have shown that up
to 37% of biopsied renal masses are benign oncocytomas or
lipid-poor angiomyolipomas,17,18 which may mean that a
substantial number of patients would undergo unnecessary
preablative evaluation, anesthesia, and ablation if not for
preablative biopsy. In addition, the inclusion of these benign
renal masses in any research evaluating the outcomes of
percutaneous ablation for small RCCs would necessarily
over-estimate its efficacy.18 In addition, preablative biopsies
are able to provide both the patient and referring physician
with a definitive diagnosis rather than a presumptive diag-
nosis based on imaging features. Furthermore, an actual
tissue diagnosis allows future treatments and surveillance
to be tailored to tumor subtypes and grades if such informa-
tion is available from the biopsy.19 The case for preablative

Seminars in Interventional Radiology Vol. 31 No. 1/2014

Percutaneous Ablation of the Small Renal Mass Gunn, Gervais34

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



biopsy is further strengthened by the fact that improvements
in biopsy techniques and histologic analysis and immunohis-
tochemistry stains have raised the positive predictive values
to 95 to 100% for the diagnosis of RCC.19,20 Performing a
percutaneous biopsy of a small renal mass in advance of the
ablative session, rather than on the day of the ablation,
typically provides the pathologist more time to analyze the
specimen and apply special immunocytochemical stains
sometimes needed to diagnose renal neoplasms.21 Useful
clinic information can be obtained from the biopsy procedure
itself. For example, the actual procedure could provide the
interventional radiologist with a better understandingof how
the patient will tolerate the ablation, the optimal position for
ablation, the best percutaneous approach to the lesion, and
how much IV sedation and analgesia might be required.
However, if the prebiopsy probability of RCC is extremely
high, then performing a biopsy on the day of the ablationmay
also be a reasonable approach.

One must also consider the clinical scenario in which the
preablation biopsy comes back as “negative” in the setting of a
solid enhancing renal mass without features of angiomyoli-
poma. In this situation, a repeat biopsy could be considered,
dependingon the degree of clinical suspicion, or close interval
follow-up imaging performed to assess for change in size.
Another clinical dilemmaoccasionally encountered is that of a
mass with “oncocytic elements”; in such cases, we manage
solid renal masses with oncocytic elements as malignant
neoplasms unless the pathologist can make a definitive
diagnosis of oncocytoma.

Ablation Procedure and Techniques

The majority of percutaneous ablations can be performed on
an outpatient basis; however, in certain situations such as
complicated cases or if there is slow patient recovery from
sedation, the interventional radiologist may consider hospi-
talizing the patient for overnight observation. The patients
arrive for the procedurehaving ingested nothing bymouth for
at least 8 hours. An IV line is started by radiology nursing for
the administration of fluids, antibiotics (if used), other med-
ications, and blood products (if necessary). The authors do not
routinely give antibiotics unless the patient has an ileal loop
diversion or the case is being performedwith pyeloperfusion.

At the authors’ institution, the patient is preferentially
positioned with the ipsilateral side down on the table, if
possible, to try to limit the amount of respiratory motion in
the kidney. However, other patient positions, including
prone, supine, and ipsilateral side up, may also be used.
Once the safest, most direct percutaneous route to the mass
has been identified by preliminary imaging, the patient’s skin
is prepped and draped in standard sterile fashion. Renal
ablation can be safely performed using ultrasound (US), CT,
orMRI guidance.Most commonly, percutaneous ablations are
performed under CT guidance, with US available, if needed.
MRI guidance requires that all ablation equipment, as well as
all patients monitoring equipment, be MR compatible.

In some cases, adjacent organs (such as the bowel) will
need to be displaced from the kidney to prevent injury during

the ablation. This can be achieved with the introduction of
fluid (hydrodissection), carbon dioxide gas, or balloons into
the abdomen. When the percutaneous path to the tumor is
clear, some operators will choose to place the needle appli-
cators within the tumor before organ displacement since
placement of the needle applicators may move the tumor,
provide a lever tomove the tumor, or cause a small amount of
hemorrhage, which may all provide the separation from
adjacent structures needed to safely proceed with ablation.
Other operators have advocated opacifying hydrodissecting
fluid to make it more readily visible on CT22; this approach
also has the advantage of making the fluid more easily
distinguishable from fluid in the bowel and from the iceball
created during cryoablation.

The choice of the ablative therapy and specific equipment
to be used should be made in consultation with the patient at
the time of the initial clinic visit. The most commonly used
ablative agents are RF and cryoablation16; however, other
technologies, such as microwave (MW) ablation, irreversible
electroporation (IRE), and high-intensity focused US (HIFU)
are being evaluated. Each agent has advantages and will be
discussed in more detail below.

Radiofrequency Ablation
RF ablation is the most commonly used and studied mode of
ablation (►Figs. 1 and 2). It delivers a current to tissue causing
ionic agitation of intracellular molecules, resulting in frictional
heating.23 Currently, there are a variety of commercially
available RF generators and probe configurations which all
aim to achieve coagulation necrosis in the defined treatment
area. This typically occurs at approximately 60 to 100°C over a
period of approximately 8 to 16 minutes, depending on the RF
ablation system used. RF ablation has been shown to be most
efficacious when employed for noncentral tumors that are less
than 3 to 4 cm in diameter.24 The perinephric fat is thought to
act as an insulating material, making thermal ablation partic-
ularly effective in peripheral tumors.16 Centrally located tu-
mors are somewhat less effectively treated with RF ablation,
which could be due to the “heat-sink” phenomenon from hilar
vessels and theurinary collecting system.3 Itmayalso be due to
less aggressive ablative treatments in this location by the
interventional radiologist who may be worried about causing
damage to the renal collecting system.25–27

The effects of RF ablation on the renal collecting system
have been shown to be mitigated by “pyeloperfusion” tech-
niques.28,29 In this clinical scenario, the patient has a ureteral
stent placed on the ipsilateral side on the morning of the
ablation. During the ablation, a cold dextrose solution is
dripped through the stent, helping to prevent ureteral injury.
Dextrose is used to provide a nonionic solution that insulates
the collecting system from the electrical current applied
during RF ablation; similarly, saline solution is avoided be-
cause of its ionic nature and potential for electrical current
conduction. The dextrose perfusate solution drains via a
bladder catheter while new cold dextrose is perfused into
the stent. In general, the authors perform RF ablation with
pyeloperfusion if the tumor is within 1.5 cm of the ureter or
ureteropelvic junction.
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RF ablation of a volume of tumor can be achieved by
performing multiple overlapping ablations, but this requires
a methodical approach. Generally, one can begin the ablation
process along a definedmargin of the tumor and sequentially
move the RF probe toward the opposite margin until an
acceptable volume of tissues has been treated. In addition,
recent studies have shown that a larger volume of tissue can
be treated with a single ablation by employing bipolar probes
and having multiple electrodes activated sequentially30;
while initial results with these newer techniques have been
promising, further research into their clinical use is needed.

Cryoablation
Cryoablation relies on depressurization of argon gas at the tip
of the cryoprobe to achieve rapid cooling to temperatures
below � 30 to � 40°C.31 Alternating freeze-thaw cycles re-
sult in cell death secondary to cellular dehydration, cell

membrane rupture, and vascular thrombosis.31 This can
typically be achieved by applying two freeze-thaw cycles
consisting of 10 to 15 minutes of freezing followed by 8 to
10 minutes of thawing (►Fig. 3). The ablation zone for
cryoablation is planned such that the entire area of the tumor
is covered plus a 5 to 10 mm margin, remembering that the
visible iceball has a nonlethal leading edge that extends
approximately 5 mm into the iceball. If multiple cryoprobes
are used, they are typically placed approximately 1.5 cm apart
to achieve optimal results. Moreover, cryoprobes should not
be placed more than 1 cm from the edge of the tumor and no
more than 2 cm from the nearest adjacent cryoprobe. Even
though cryoablation results in less tissue destruction per
probe than RF, there are important advantages to using
cryoablation. One significant advantage of cryoablation is
the ability to tailor the size and shape of the ablated area
during the procedure. For example, if multiple cryoprobes are

Figure 1 (A) Contrast-enhanced CTof a 56-year-old man shows a 1.9-cm RCC in the right lower pole (white arrow). The patient was referred for RF
because of a complex cardiac history. (B) Noncontrast CT with the patient right-side/ipsilateral-side down demonstrating a posterior approach
with the RF probe within the lesion. (C) Noncontrast postablation CT demonstrates areas of increased attenuation (white arrow) in the ablation
zone, consistent with blood products, in addition to expected postprocedural changes adjacent to the kidney. This is a common postablation
appearance. (D) Contrast-enhanced CT performed approximately 1 month after ablation shows no evidence of enhancement in the ablation zone
(white arrow), consistent with a completely treated lesion. CT, computed tomography; RCC, renal cell carcinoma; RF, radiofrequency.
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employed, then the interventional radiologist has the ability
to activate some probes while leaving others off, a function
available on only some RF generators. In addition, the inter-
ventional radiologist is able to actively monitor the treated
area by CT, US, or MR through the formation of the iceball.
Thus, the ablation zone can be expanded to untreated areas or
moved away from nontarget structures based on the imaging
appearance of the iceball. Furthermore, cryoablation does not
use grounding pads on the patient’s skin, as is done in RF,
which reduces the possibility of patient skin burns. Of note,
warm pyeloperfusion can be performed for cryoablation in a
manner similar to chilled pyeloperfusion in RF ablation for
tumors near the renal collecting system. In this scenario,
normal saline solution can be employed since there is no
electric current directly involved in the treatment
application.

Microwave Ablation
MW ablation probes offer several advantages over traditional
RF probes including the ability to more rapidly generate high
temperatures. Moreover, whenmultiple probes are used, then
each probe can be controlled individually and no grounding
pads are placed on thepatient’s skin, reducing the possibility of
skin burns. MWablationwas first reported for renal tumors in

2007.32 This phase I clinical study using a single 10 minutes
ablation demonstrated complete tumor cell destruction with-
out skip areas in the ablation zones while achieving ablation
volumes of 27 and 105 cm3 for single and three-pronged
probes, respectively. Recent clinical studies usingMWablation
in RCC have been mixed. For example, Carrafiello et al per-
formedMWablation of small renal masses in 12 patients with
contrast-enhanced US guidance.33 Themean tumor size in this
group was 2 cm with the largest tumor being 2.9 cm. The
investigators followed these patients for 6 months after MW
ablationwith contrast-enhanced CT, reporting no severe com-
plicationswith the procedure and no evidence of recurrence in
any patient. However, Castle et al treated 10 patients with
small renal masses with either laparoscopic or percutaneous
MW ablation.34 This latter study reported intraprocedural
complications in 20% of patients, postprocedural complica-
tions in 40% of patients, and recurrence in 38% of patients
followed out to 17.9 months on average. More research is
needed to identify the safety profile and role of MW ablation
for the treatment of small renal masses.

High-Intensity Focused Ultrasound
HIFU is a relatively new thermal ablation technology that has
yet to gain Food and Drug Administration approval and is not

Figure 2 (A) Contrast-enhanced CTof an 83-year-old man shows a 2.3-cm RCC in the interpolar region of the right kidney that extends toward the
renal sinus fat (white arrow). The patient was referred for RF because of an overall poor functional status. (B) Noncontrast CTwith the patient right-
side/ipsilateral-side up demonstrating a lateral approach with the RF probe within the lesion. (C) Noncontrast postablation CT demonstrates areas
of increased attenuation (white arrow) in the ablation zone, consistent with blood products, in addition to expected postprocedural changes
adjacent to the kidney. This is a common postablation appearance. (D) Contrast-enhanced CT performed approximately 1 month after ablation
shows no evidence of enhancement in the ablation zone (white arrow), consistent with a completely treated lesion. CT, computed tomography;
RCC, renal cell carcinoma; RF, radiofrequency.
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used in the United States. HIFU causes coagulative necrosis in
renal tumors through the use of high-intensity US beams
(100–10,000 W/cm2) that are directed toward millimeter-
sized focal zones within the renal tumor.35 Tissue damage to
adjacent structures is limited because US beam intensities
outside of the focal zone are much lower. A recent review of
HIFU for RCC identified several limitations, including: tech-
nical and anatomic difficulties in delivering HIFU beams to a
small renal mass, tracking the lesion during treatment,
nonuniform ablation, and clinical efficacies of only 57 to
67%.36 Certainly, additional technical advancements are nec-
essary before HIFU becomes commonplace in the treatment
of small renal masses.

Irreversible Electroporation
Electroporation is a process by which small pores are created
in the cellular membrane through the application of a brief
but high voltage across the membrane.37 These small pores
destabilize the cellular membrane, thereby increasing its
permeability. “Reversible” electroporation has been used in
the laboratory setting and, to a lesser extent, in the clinical
setting for several decades as researchers have taken advan-
tage of the transient increase in membrane permeability to
deliver DNA, chemotherapeutic drugs, and othermolecules.37

Before 2006, IRE was an undesirable consequence of “revers-
ible” electroporation; however, Edd et al were the first to
describe the process of IRE as a therapeutic alternative to
thermal ablation.38 In this initial report, normal hepatic

parenchyma underwent IRE in a murine model demonstrat-
ing microvascular occlusion, endothelial cell necrosis, and
diapedesis on pathologic analysis with sharp margins be-
tween treated and untreated tissues. Early demonstrations of
IRE for RCC in animal models have also been promising. For
example, Tracy et al performed 24 laparoscopic IREs in a
porcine model of RCC and found no evidence of cellular
viability by nicotinamide adenine dinucleotide staining on
histologic analysis.39 Similar results were reported by Deod-
har et al who performed 29 percutaneous ablations in a
porcine model under CT guidance.40 Histologic analysis in
this report showed evidence of necrotic tissue in the ablated
areas with early evidence of fibrosis 3 weeks after IRE.
Importantly, no evidence of thermal, renal pelvic, urinary
collecting system, or vascular injury was identified. Pech et al
were thefirst to perform a phase I clinical trial of IRE in RCC.41

In this report, six patients with renal tumors measuring less
than 3.5 cm in maximal diameter underwent intraoperative
IRE just before definitive surgical resection of the renal
masses. General anesthesia was required because of the
prerequisite need for muscle relaxation before IRE. In this
report, IRE was performed with electrocardiographic syn-
chronization; the authors reported only one case of intra-
operative supraventricular tachycardiawith no postoperative
sequela and no significant changes to the hemodynamic
status of any patient, thus demonstrating an excellent safety
profile. Unfortunately, since tumors were immediately re-
sected and analyzed after IRE, cellular viability studies in the

Figure 3 (A) Contrast-enhanced CT of a 55-year-old man shows a 1.8-cm RCC in the lower pole of the left kidney (white arrow). The patient was
referred for cryoablation of the left renal lesion because of prior right nephrectomy for RCC. (B) Noncontrast CTwith the patient in prone position
demonstrating a posterolateral approach with the cryoprobe within the lesion. (C) Noncontrast CT demonstrates the low-attenuation “iceball” in
the ablation zone after a 10-minute freeze (white arrow). (D) Contrast-enhanced CT performed approximately 1 month after ablation shows no
evidence of enhancement in the ablation zone (white arrow), consistent with a completely treated lesion. CT, computed tomography; RCC, renal
cell carcinoma; RF, radiofrequency.
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treated regionswere unreliable. Further study iswarranted to
confirm the safety profile of IRE in RCC aswell as to determine
its treatment efficacy, especially in comparison to more
established methods such as thermal ablation, cryoablation,
and partial nephrectomy.

Technical and Oncologic Outcomes after
Percutaneous Ablation of the Small Renal
Mass

Technical Outcomes
Since the initial description of a percutaneous method to
ablate small renalmasses in 1999,multiple studies in patients
have demonstrated both thermal ablation and cryoablation to
be technically feasible, efficacious, and safe.3,10,12,42–48 For
example, Gervais et al reported a 100% technical success rate
for all 52 thermally ablated tumors smaller than 3 cm and a
93% technical success rate for tumors between 3 and 5 cm.3

This series had only a 25% technical success rate for tumors
larger than 5 cm and reported that 50% of tumors larger than
3 cm required more than one treatment. A noncentral loca-
tion of tumor was also found to be an independent predictor
of treatment success. Zagoria et al also reported a 100%
technical success rate for RF ablation in renal tumors less
than 3.6 cm in size, although 7% of the tumors in this group
required a second ablative session to achieve complete ne-
crosis.42 This series also demonstrated a statistically signifi-
cant inverse relationship between tumor size and technical
success. Similarly, other larger series evaluating the technical
feasibility of RF ablation have reported success rates ranging
from 79 to 100%.43–46 It should be noted that even though
Breen et al only reported a 79% success rate after initial RF
ablation, they were able to achieve a 91% technical success
rate after an additional RF ablation session.44 The complica-
tion rates in these series ranged from 4.1 to 11%, with the
majority of complications beingminor. Comparable outcomes
with regard to feasibility, technical success, and safety for
cryoablation of small renal masses have also been
achieved.10,47,48 For example, Atwell et al did a retrospective
analysis of technical outcomes after performing 115 cryoa-
blations in 100 patients.47 This series reported a technical
success rate of 97% (with the mean tumor size being 3.3 cm)
and only seven complications. Moreover, Hinshaw et al10 and
Georgiades et al48 both reported a 100% technical success rate
for cryoablation of 30 and 51 small renal masses, respectively.

Oncologic Outcomes
Despite the technical efficacy and excellent safety profiles
associated with ablative technologies, demonstrating the
long-term oncologic effectiveness of ablation has been com-
plicated by limited patient follow-up, small sample sizes, the
inclusion of patients with hereditary RCC syndromes, and
lack of a definitive pathologic diagnosis in many studies.12

Recently, Psutka et al12 retrospectively reviewed their expe-
riencewith percutaneous RF ablation of small renal masses in
185 patients with biopsy-proven RCC over a mean follow-up
period of 6.4 years after treatment to assess long-term
oncologic outcomes. In this series, the mean tumor size was

3 cm, although 22.7% of tumors in the serieswere greater than
4 cm (i.e., T1b tumors). Local recurrence occurred in 6.5% of
patients overall at amean of 2.5 years after RF ablation, with a
5-year recurrence-free survival of 96% for T1a tumors and 92%
for T1b tumors (p ¼ 0.02). A small minority (2.2%) of patients
developed metastatic disease at an average of 1.5 years after
therapy corresponding to a metastatic-free survival rate of
99.4% at 5 years, which was also greater in patients with T1b
tumors (p ¼ 0.011). This results in a 5-year disease-free
survival rate of 91.5 and 74.5% for patients with T1a and
T1b tumors, respectively (p ¼ 0.003). Cancer-specific survival
was 100 and 97% for patients with T1a and T1b tumors,
respectively (p ¼ 0.01), at 5 years. These long-term data
demonstrating excellent oncologic outcomes after RF abla-
tion, especially for T1a tumors, concur with other reports in
the literature from smaller studies with only moderate-term
follow-up that have reported local recurrence-free survivals
of 80 to 100% and metastatic-free survivals of 93 to
100%.6,49–51

Perhaps a more salient question is raised when comparing
the oncologic outcomes of percutaneous RF ablation and
partial nephrectomy. Olweny et al52 retrospectively com-
pared patients with pathologically proven solitary T1a tu-
mors treated with either partial nephrectomy or RF ablation.
Even though the RF cohort was significantly older and had
more medical comorbidities than the partial nephrectomy
cohort, they found no statistically significant difference in
overall survival, cancer-specific survival, disease-free surviv-
al, metastatic-free survival, or local recurrence at 5 years.
Furthermore, a larger analysis of the Surveillance, Epidemi-
ology and End Results database of patients with T1a RCC,
which included 578 patients who underwent RF ablation and
4,402 patients who underwent partial nephrectomy, failed to
demonstrate any statistically significant difference in cancer-
free or overall survival between the two groups.53 Although
additional data, including larger, randomized studies with
long-term outcomes, are needed, these early reports compar-
ing the oncologic effectiveness of RF ablation to partial
nephrectomyare encouraging, especiallywhen the decreased
periprocedural risks of percutaneous ablation are considered.

Comparing Ablative Methods
Even though cryoablation was the first method of ablation
employed for RCC, RF ablation is now themost widely studied
ablative technology for RCC. However, while both technolo-
gies enjoy high technical success rates, there has been relative
difficulty in directly comparing their effectiveness.54 Accu-
mulated experience and data have shown that any differences
in efficacy are likely to be small; it has been estimated that
approximately 900 patientswould need to be enrolled in such
a trial to gain adequate power. However, the combination of a
relatively rare tumor with the excellent outcomes associated
with partial nephrectomy leaves a smaller patient population
available for comparative studies. These factors have made
the design and execution of a trial comparing these two
technologies elusive.54 Despite these difficulties, some at-
tempts have been made to retrospectively compare the
oncologic effectiveness of RF ablation and cryoablation.
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Kunkle and Uzzo reported that 12.9 and 5.2% of patients
experienced local recurrence of their T1a tumor after RF
ablation and cryoablation, respectively, suggesting RF abla-
tion to be the superior modality.55 Conversely, El Dib et al
found no statistically significant difference between the
effectiveness of RF ablation and cryoablation.56 Clearly, fur-
ther research into thismatter iswarranted. Unfortunately, the
obstacles in comparing RF ablation to cryoablation also apply
when trying to assess newer ablative technologies such as
MW ablation, HIFU, or IRE. With current understanding, it is
unlikely that these small efficacy differences between abla-
tive technologieswould have any significant clinical impact.54

It is more likely that operators would base their decision on
which technology to use on comfort level, availability, and
tumor location rather than small efficacy differences.

Utilization of Percutaneous Ablation for
Small Renal Masses

The current gold standard for the treatment of small renal
masses remains surgical excision, with a growing reliance on
nephron-sparing techniques that preserve renal function,
improve all-cause mortality, and have similar oncologic out-
comes when compared with total nephrectomy.7,8 However,
percutaneous ablation is becoming an increasingly used treat-
ment option for the small renal mass, particularly in patients
with comorbid conditions that make them poor candidates for
surgery, CKD, or hereditary syndromes that place them at risk
for multiple RCCs. For example, the utilization rate of ablation
for small renal masses increased each year between 2005 and
2007, the last date for which data was available.57 In addition,
Yang et al reported utilization growth from 1 to 11% from 1998
to 2008 for tumors less than 2 cm in size, and growth from 2 to
9% over the same time period for tumors between 2.1 and 4 cm
in size.58 The full potential for future growth in the use of
ablation for the treatment of small renal masses is yet to be
determined. On the contrary, it could be argued that thermal
and cryoablation are relatively mature technologies that face
the difficult task of trying to supplant partial nephrectomy. On
the contrary, as the patient population ages and the use of
cross-sectional imaging increases, it could also be argued that
the role of ablation will grow as more small renal masses will
be detected in patients with increasingly complex medical
histories. Moreover, improvements in existing ablative tech-
nologies, the development of new technologies, and increased
operator experience with ablation could potentially culminate
in an oncologically superior treatment modality without the
operative morbidity and mortality of partial nephrectomy.

Summary

Percutaneous ablation of small (T1a) renal masses is an
effective therapeutic option for selected patients. At current,
the most widely used ablative technologies are RF and
cryoablation with a growing experience in MW ablation.
Complete ablation of these masses by imaging can be
achieved in a large majority of cases. Local recurrence after
RF ablation has been shown to be slightly higher at 5 years

than with partial nephrectomy, although these differences
have not reached statistical significance.
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