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Abstract Renal cell carcinoma is the tenth most common
malignancy in the USA, with upwards of 61,000 new cases
and resulting in more than 14,000 deaths annually. Although
partial nephrectomy remains the standard treatment, image-
guided nephron-sparing ablative techniques including
cryoablation, radiofrequency ablation, and microwave abla-
tion have emerged as treatment options in certain patient pop-
ulations. Ablative therapies have high technical successes,
low tumor recurrence rates, and preserve renal parenchymal
volume. The purpose of this article is to provide an update on
ablation therapies for small renal masses.
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Introduction

Renal cancer accounts for 2–3 % of all malignant dis-
ease, affecting 61,560 individuals annually and resulting

in 14,080 deaths in the USA alone [1, 2]. With wide-
spread and increasing use of cross sectional imaging,
namely computed tomography (CT) and magnetic reso-
nance imaging (MRI), there have been more incidentally
detected small renal malignancies less than 4 cm in size
(stage T1a) [3, 4]. Concomitantly, coupled with in-
creased detection, our understanding of renal cell carci-
noma tumor biology, molecular pathogenesis, and those
syndromes associated with renal malignancies has also
increased [5]. There is, for instance, a more complete
understanding of certain syndromes, including the Von
Hippel-Lindau and Birt-Hogg-Dubé, and their associa-
tion with hereditary renal cell carcinomas [2]. While
the gold standard of treatment remains definitive surgi-
cal excision with nephron-sparing partial nephrectomy
for tumors less than 4 cm (stage T1a), medical advances
have brought about additional viable treatment options,
including percutaneous ablative therapies, for the man-
agement of small renal malignancies [6, 7].

The American Urological Association guidelines consider
percutaneous ablative therapies, including cryoablation, radio-
frequency ablation, and microwave ablation, viable treat-
ment options for small renal malignancies less than 4 cm
(stage T1a) [8]. Similarly, multiple international consen-
sus panels, including the European Association of Urol-
ogy, support the use of ablative techniques for renal cell
carcinomas less than 4 cm as well as for those with
syndromes increasing the likelihood of multiple renal cell
carcinomas, including the Von Hippel-Lindau and Birt-
Hogg-Dubé [9, 10]. Moreover, for patients with small
localized renal cell carcinomas who are not deemed sur-
gical candidates, including those with morbid obesity,
advanced age, multiple comorbidities, or a solitary kid-
ney, ablation is an effective nephron-sparing treatment
option [8, 11–13].
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As percutaneous ablation is minimally invasive and re-
quires only moderate procedural sedation in many instances,
potential advantages include preservation of the renal paren-
chyma and renal function and decreased procedural-related
morbidity. Post-operatively patients experience faster recov-
ery, with many patients having the treatment on an outpatient
basis.

Pre-procedural Evaluation

Proper patient preparation and complete renal mass evalu-
ation are requisites to successful percutaneous renal abla-
tive therapies, requiring a multidisciplinary approach in-
cluding input from diagnostic radiologists, interventional
radiologists, urologists, and oncologists. Patients should
undergo a thorough medical and surgical evaluation, phys-
ical examination, risk factor evaluation (smoking and
workplace exposures including asbestos, aniline dyes, and
cadmium), family history screening including evaluation
for known genetic disorders (Von Hippel-Lindau, Birt-
Hogg-Dubé, and hereditary papillary carcinoma syn-
dromes), and functional status evaluation. In addition, lab-
oratory studies, including platelet count, international nor-
malized ratio (INR), partial thromboplastin time, and esti-
mation of renal function (creatinine and estimated glomer-
ular filtration rate) should be evaluated. At our institution,
we require platelets greater than 50,000/uL and an INR
less than 1.5.

As stated, percutaneous ablation is particularly suited for
individuals with small renal tumors less than 4 cm (stage T1a)
[13]. Larger tumorsmay be treatedwith ablation; however, the
literature suggests an increased recurrence rate [5, 6]. Because
metastatic renal cell carcinomas would require systemic ther-
apy, extra-renal disease and osseous metastases must be iden-
tified on staging chest, abdominal, and pelvic CTorMRI, with
nuclear medicine skeletal scintigraphy and intracranial imag-
ing performed in some instances [13].

Pre-procedure cross sectional imaging with CT or MR is
crucial for characterizing the renal mass itself and optimiz-
ing treatment planning. With regard to renal mass charac-
terization, renal masses referred for ablation are usually
small, often requiring careful evaluation for benign etiolo-
gies including oncocytomas and angiomyolipomas. In one
series, for instance, ten of 27 patients who underwent re-
ferral for MR-guided cryotherapy were found to have be-
nign pathologies based imaging characteristics or biopsy
results, thus highlighting the need for careful evaluation
of all available imaging studies or tissues prior to ablative
procedures [14••]. With respect to treatment planning, CT
and MR imaging may demonstrate if a lesion is safely
accessible. Moreover, the need for adjunctive maneuvers
such as creation artificial saline windows or the placement
of retrograde catheters may be revealed on the pre-

procedure imaging. Pre-procedural imaging helps tailor
the discussion of the risks and benefits of the procedure
for individual patients. Schmit et al. developed the AB-
LATE (A, axial tumor diameter; B, bowel proximity; L,
location within the kidney; A, adjacency to ureter; T,
touching renal sinus fat; E, endophytic or exophytic posi-
tion) planning algorithm to systematically evaluate renal
masses for ablation [15]. An additional helpful planning
scoring algorithm, the RENAL nephrometry score, is a
quantitative scoring system based on five components (R,
maximal radius; E, exophytic or endophytic properties; N,
nearness to the collecting system or sinuses; A, anterior or
posterior location; L, location relative to the polar lines),
each scored on a 1 to 3 point scale [16]. This scoring sys-
tem has been shown to predict treatment efficacy and com-
plications after percutaneous renal ablation, with a mean
score of 6.8 versus 8.1 for those without and with major
complications, respectively [17•]. Taking all factors into
account, the ideal renal mass for percutaneous ablation is
a small exophytic posterior mass less than 4 cm (stage T1a)
[18].

Pre-procedural Biopsy

Historically pre-ablation biopsy has been described as having
a limited role due to poor tumor targeting, sampling error, and
false-negative results. As increasing numbers of small renal
masses are referred for ablation, however, there has been an
increasing role of biopsy for definitive tissue diagnosis. In
contrast to surgical excision, the renal mass itself is destroyed
during the ablation process thereby mandating pre-procedure
biopsy and precluding post-procedure pathological evaluation
[19]. Furthermore, as previously discussed, according to one
study, upwards of 37 % of renal masses referred for ablation
were determined to be benign based on imaging findings or
pathologic analyses [14, 19]. As false-negative rates of renal
biopsies have decreased to 1 % with associated low compli-
cation rates, pre-ablation biopsies have become more routine
as part of the ablation procedure [20]. While the renal mass
biopsy may be performed as a separate procedure prior to
ablation, it is often performed immediately prior to ablation,
with results available after completion of the ablation. The
results of the biopsy may help guide the frequency and length
of follow-up imaging.

Ablation Techniques

The most prevalent ablative techniques for small renal masses
include cryoablation, radiofrequency ablation, and microwave
ablation, with each having potential advantages and disadvan-
tages (Table 1) [21].
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Cold-Based Ablation Techniques

Cryoablation, a cold-based technique, involves the use of
one or usually multiple needle-like cyroprobes. These
cryoprobes are connected to a liquid gas, usually argon,
for rapid cooling to temperatures of nearly −190 °C [18].
Tissue destruction is achieved at temperatures below
−20 °C and through multiple freeze-thaw cycles [18].
During freezing cycles, ice crystals form in the intracellu-
lar and extracellular spaces causing cellular disruption and
death [22]. At the same time, freeze-thaw cycles cause
cellular dehydration, membrane rupture, and vascular
thrombosis [22]. A major advantage of cryoablation, over
heat-based ablation techniques, is direct visualization of

the destructive ablation zone or Bice ball^ during intra-
procedural CT or MR monitoring. Moreover, the size
and shape of the ablation zone may be refined using var-
ious types and numbers of cryoprobes. This allows the
operator to shape an Bice ball^ with adequate tumor cov-
erage. Similarly, if the treatment zone begins encroaching
on a vital non-tumor structure, such as the ureter or colon,
accommodations may be made to stop progression of the
Bice ball.^ Cryoablation offers less intra-procedural pain
and some studies suggest decreased risk of collecting sys-
tem damage when compared to heat-based therapies.
Cryoablation, however, is more time consuming when
compared to radiofrequency and microwave-based thera-
pies as it requires multiple freeze-thaw cycles. At our
institution, CT is the dominant imaging modality for per-
cutaneous cryoablation. Ultrasound is sometimes per-
formed for initial cryoprobe insertion or intra-procedural
biopsy. CT imaging is then performed to confirm place-
ment and for direct monitoring of the ablation zone or
Bice ball^ (Fig. 1). Two freeze-thaw cycles, each lasting
8–10 minutes, are then performed. As a guideline, the
number of cyroprobes inserted for cryoablation is equal
to the maximal diameter of the renal mass centimeters
plus one.

Heat-Based Ablation Techniques

Heat-based ablations, including radiofrequency and mi-
crowave ablation, are also used to treat small renal
masses. Radiofrequency ablation uses high-frequency al-
ternating currents, resulting in electric current and heat
generation [23]. This results in tissue necrosis as well as
tissue coagulation, decreasing post-procedural bleeding.
Disadvantages of radiofrequency ablation, however, in-
clude grounding pad requirements and sensitivity to tissue
characteristics, tissue impendence, and charring. Micro-
wave ablation, which is similar to radiofrequency abla-
tion, utilizes electromagnetic energy with frequencies
greater than 900 MHz [24]. Microwave electromagnetic
energy interacts with nearby water molecules resulting in
rapid molecular oscillation, heat generation, coagulative
necrosis, and tissue death [24]. Advantages of microwave
ablation over other heat-based technologies include higher
intratumoral temperatures, larger ablation zones, and less
likely to be influenced by tissue characteristics,
impendence, and charring [25]. With both radiofrequency
and microwave ablations, tissue death begins to occur at
50 to 60 °C [25]. With respect to radiofrequency and
microwave ablations, initial percutaneous access is similar
to the previously described cryoablation (Fig. 1). Instead
of a cryoprobe, however, a radiofrequency or microwave
ablation probe is inserted just beyond the lesion (Fig. 2).
A single heating cycle, based on the size of the lesion, is

Table 1 Advantages and disadvantages of various ablation techniques

Ablation
technique

Operating
principles

Advantages Disadvantages

Radiofrequency
ablation

Heat-based
Alternating

current induces
tissue heating
and death

Larger volume of
tissue death
than with
direct heating

Tissue
coagulation
and decreased
hemorrhage

Dependent on
tissue
impedance

Requires
grounding
pads

Sensitive to
convective
heat loss

No
visualization
of ablation
zone

Microwave
ablation

Heat-based
Electromagnetic

field align
water
molecules and
induce tissue
heating and
death

No grounding
pads

Larger volumes,
hotter
temperatures,
and shorter
times than
radiofrequency
ablation

Independent of
tissue
impedance
Tissue
coagulation
and decreased
hemorrhage

No
visualization
of ablation
zone

Cryoablation Cold-based
Joule-Thomson

theory
Heat sink cools

probe and
through
passive
diffusion
causes tissue
freezing and
death

No grounding
pads

Direct
visualization
of ice ball and
ablation zone

Less painful than
radiofrequency
and
microwave
ablation

Increased
procedural
time due to
repeated
freeze-thaw
cycles
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performed, thus the time to perform the procedure is
quicker than for cryoablation.

Adjunctive Displacement and Embolization Techniques

Special modifications, displacement maneuvers, and em-
bolization techniques are required in certain ablation
cases. Peripheral or exophytic renal masses located near
critical structures such as the ureter or bowel, for instance,

require special attention due to potential risk of critical
injury. Hydrodissection, or displacement, may be per-
formed using a thin-gauge needle, with instillation of a
dilute contrast mixture or a gas, such as air or carbon
dioxide, for direct visualization and displacement of the
critical structures away from the ablation zone (Fig. 3).
Alternatively, if the renal mass is large, typically larger
than 3 cm, generating substantial concern for intra-
procedural or post-procedural hemorrhage, pre-ablation

Fig. 1 Cryoablation. An 84-year-old male with multiple comorbidities
including right lung adenocarcinoma status post upper lobectomy with
incidentally discovered right renal cell carcinoma for cryoablation. Single
axial computed tomography image with intravenous contrast material (a)
demonstrating a 4.5 × 4.7 cm heterogeneously, mostly peripherally
enhancing, soft tissue mass with an irregular central hypodense necrotic
center within the right interpolar region consistent with renal cell

carcinoma (arrows). Intra-procedural axial computed tomography
image (b) showing two cryoprobes within the mass (arrows). Intra-
procedural axial computed tomography image (c) demonstrating the
hypodense ablation zone or Bice ball^ enveloping the right renal mass
(arrows). Follow-up axial computed tomography image with contrast
material (d) obtained 1 year after the procedure showing no
enhancement to suggest residual or recurrent disease (arrows)

Fig. 2 Radiofrequency ablation. A 56-year-old man with lymphoma and
incidentally discovered right renal cell carcinoma for radiofrequency
ablation. Single axial computed tomography image with intravenous
contrast material (a) showing a 1.6 × 1.4 cm homogenously enhancing
mass within the right renal lower pole consistent with renal cell carcinoma

(arrow). Intra-procedural axial computed tomography image (b) showing
a single radiofrequency probe within the mass (arrow). Follow-up axial
computed tomography image with contrast material (c) obtained 2 years
after the procedure demonstrating no enhancement to suggest residual or
recurrent disease (arrow)
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selective embolization with particles or ethanol/lipiodol
mixtures may be performed prior to ablation to limit hem-
orrhage (Fig. 4).

Potential Complications

There are several known complications associated with
ablation of small renal masses [26]. Despite the use of
imaging-guidance, there is risk of injury to surrounding
structures such as the ureter or large bowel resulting in a
urinoma or perforation, respectively [26]. While ablation
is a relative nephron-sparing procedure and is often suc-
cessfully performed in patients with pre-existing renal in-
sufficiency, there is the risk for worsening renal function
after ablation. Moreover, given the vascularity of the kid-
neys and renal masses in general, there is a risk of post-

procedural hemorrhage and hematoma [27]. Complica-
tions have been reported in 3–10 % of cryoablation cases
and 4.7 % of radiofrequency ablation cases [18, 26, 27].
There have also been neuromuscular complications, in-
cluding transient paresthesias and flank muscle laxity,
from nerve injury during ablation [28]. Other uncommon-
ly reported complications include tract tumor seeding,
skin burns, and pneumothoraces [28].

Post-Ablation Surveillance

There are no evidence-based or official guidelines for
post-ablation follow-up. At our institution, patients under-
go contrast-enhanced CT or MR imaging 1 month after
ablation, then every 6 months for 2 years, and then annu-
ally for 5 years. Follow-up continues, but is variable in

Fig. 3 Adjunctive displacement techniques. A 60-year-old male with the
Von Hippel-Lindau syndrome and bilateral renal cell carcinomas status
post right nephrectomy and prior left renal radiofrequency ablation now
with 2.9 × 2.5 cm left renal cell carcinoma, in close proximity to the
colon, for radiofrequency ablation (a–c). Intra-procedural axial
computed tomography image (a) showing a single radiofrequency
probe (arrow) within the left renal mass. Note the close proximity of
the colon (asterisk). Given the close proximity of the colon,
hydrodissection was employed for protection. Intra-procedural axial
computed tomography image (b) demonstrating the insertion of a 21-
gauge needle (arrow) between the left renal mass and colon (asterisk).
Intra-procedural axial computed tomography image (c) demonstrating the

introduction of dilute contrast material (arrow) to provide a buffer and
protect the colon (asterisk) during the ablation procedure. An 87-year-old
female with 2.5 × 2.0 cm left renal cell carcinoma, in close proximity to
the ureter, for cryoablation (d–f). Intra-procedural axial computed
tomography image (d) showing the left renal mass (arrow) in close
proximity to the ureter (dashed arrow). Intra-procedural axial computed
tomography image (e) demonstrating the introduction of a 21-gauge
needle (arrow) adjacent to the left ureter (dashed arrow). Intra-
procedural axial computed tomography image (f) showing instillation of
dilute contrast material (arrows) bathing the ureter and providing
protection during cryoablation
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time, after 5 years depending on the pathology of the
tumor and clinical scenario [29]. As renal cell carcinomas
tends to grow slowly (3–5 mm/year), long-term surveil-
lance is essential to detect and treat residual or recurrent
disease [30]. On follow-up imaging, technical success is
defined as complete necrosis of the treated renal mass,
without residual enhancement [31]. The initial post-
ablation study is essential as it serves as a baseline for
comparison with subsequent cross sectional imaging
[31]. Moreover, immediate complications, including
urinomas, perforations, or hematomas, may be detected
[31]. Also, any residual tumor identified on the immediate
post-ablation imaging may be treated before significant
recurrence [31].

Outcomes

To date, there have been no randomized controlled trials
comparing percutaneous ablation with partial nephrecto-
my. However, there are many notable non-randomized
comparative studies showing comparable treatment effica-
cy for primarily small renal cell carcinomas treated with
ablation and partial nephrectomy (Table 2). The majority

of studies have compared radiofrequency ablation with
partial nephrectomy. Stern et al. showed that for sporadic
T1a renal tumors, radiofrequency ablation resulted in sim-
ilar disease-free probability compared to partial nephrec-
tomy in a 3-year actuarial analysis [32]. In second study
with 5-year follow-up, Olweny et al. demonstrated similar
overall survival (97 versus 100 %) and disease-free sur-
vival (89 versus 89 %) for radiofrequency ablation when
compared to partial nephrectomy, respectively, for solitary
T1a renal cell carcinomas [33]. A recent study by Chang
et al. also demonstrated similar 5-year overall survival (85
versus 96 %) and disease free survival (81 versus 89 %)
for radiofrequency versus partial nephrectomy, respective-
ly, for stage cT1b renal cell carcinomas [34].

With regard to cryoablation, in one of the largest ret-
rospective series to date, Thompson et al. compared both
percutaneous cryoablation and radiofrequency ablation
with partial nephrectomy to for cT1 renal masses [35••].
This series demonstrated a similar local recurrence-free
survival and metastases-free survival for cryoablation ver-
sus partial nephrectomy. Moreover, throughout the surgi-
cal literature, cryoablation has been shown to be effective
for renal malignancies with mean sizes of 2.3 cm,

Fig. 4 Adjunctive embolization techniques. A 73-year-old male with
pulmonary fibrosis and large left upper pole renal mass measuring
4.8 cm for embolization prior to cryoablation. Single axial T1 post
contrast magnetic resonance image (a) showing the large hypervascular
left upper mass (arrows). Selective left renal arteriogram (b)
demonstrating a subtle tumor blush indicative of the mass (arrows)
prior to ethiodized oil embolization. Axial cone beam computed

tomography (c), completed after selective injection of ethiodized oil,
showing embolization material throughout the left renal mass (arrows),
consistent with satisfactory embolization. Intra-procedural axial
computed tomography image from cryoablation completed the
following day (d) demonstrating a cryoprobe within the mass as well as
hyperdense ethiodized oil (arrows) from prior embolization procedure.
The mass was ablated successfully without hemorrhagic complication
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resulting in disease-specific survival rates of 92 % at
5 years [36, 37]. In a retrospective series comparing per-
cutaneous and surgical cryoablation for small renal
masses, no differences in overall or recurrence-free sur-
vival was found at an average 3–4 years follow-up [38•].
The 5-year overall and recurrence-free survival for percu-
taneous cryoablation was 77 and 95 %, respectively [39].

As percutaneous microwave ablation is a relatively
new technique, there are fewer comparative studies in
the published literature [40, 41•]. Guan et al. compared
microwave ablation with partial nephrectomy for small
renal masses and demonstrated a similar overall local
recurrence-free survival at 3 years with 91 % for micro-
wave ablation and 96 % for partial nephrectomy [42].

Conclusion

Image-guided ablative therapies, including cryoablation,
radiofrequency ablation, and microwave ablation, are safe
and effective nephron-sparing therapies for small renal
masses less than 4 cm. Although larger randomized trials
are necessary, current data suggests excellent oncologic
tumor control and low complication profiles making per-
cutaneous ablation an important tool for treating renal cell
carcinoma in selected patient populations.
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