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Abstract The widespread utilization of abdominal imaging
has led to an increase in incidentally detected small renal
masses. Although partial nephrectomy is still considered the
gold standard treatment for these masses, there are risks asso-
ciated with surgical excision, potentially limiting treatment for
older patients with multiple comorbidities. A variety of abla-
tive techniques have developed over the past several decades,
altering the management of small renal masses. It is likely that
improvements in technology will only broaden the applica-
tions of ablative therapy. This article provides an update on
the various ablative techniques and outcomes.
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Introduction

Widespread use of abdominal imaging has increased the inci-
dence of renal cell carcinoma (RCC) [1, 2]. Concurrently, the
historic aggressive management of these masses has been re-
placed by minimally invasive and nephron-sparing surgery.
This is especially true for small renal masses (SRMs) less than
or equal to 4 cm in maximum axial diameter. At least 20 % of
SRMs are pathologically benign and increased detection of
these masses has not led to a decrease in RCC mortality [3,
4]. This complicates treatment strategies, particularly for pa-
tients with decreased life expectancy who may not tolerate

extirpative management. Evaluation of these patients warrants
a careful weighing of the risks and benefits of surgery and
consideration of alternative therapies. The 2009 AUA
Guidelines regarding SRMs recommend ablative techniques
for older patients or those with multiple comorbidities [3]. In
the face of an aging population and increased detection of
SRMs, the improvements in techniques and technologies sur-
rounding ablative therapy has made the treatment modality all
the more relevant.

Applications and Considerations

Though a variety of ablative techniques are currently avail-
able, the goal of each is the same: to deliver a lethal amount of
energy to cancer cells in a given treatment zone while mini-
mizing the destruction of surrounding healthy tissue. This can
be achieved via open, laparoscopic, or more commonly, a
percutaneous route allowing for a versatile application of the
technology regardless of the location of the renal tumor.
Multiple factors should be considered prior to choosing the
route and technology used, including tumor size, endophytic/
exophytic properties, and proximity to critical structures (e.g.,
bowel, renal sinus, collecting system, ureter, vascular struc-
tures) For example, thermal ablation near the collecting sys-
tem or major vascular structures might lead to a Bheat sink,^
preventing adequate temperatures for ablation due to loss of
thermal energy [5]. Prior research has evaluated algorithms to
systematically measure these variables [6].

Percutaneous ablation minimizes blood loss and post-
operative pain in the management of SRMs and can be per-
formed as an outpatient. Conscious sedation can often be
used, decreasing the risk of general anesthesia and hospitali-
zation time [7]. Additionally, ablative techniques can limit
normal parenchymal damage and therefore play a vital role
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in the management of patients at risk for end-stage renal dis-
ease, including those with solitary kidneys, bilateral renal tu-
mors, and hereditary syndromes predisposing to multiple re-
nal masses [8, 9]. As ablative technologies develop and
evolve, their role in RCCmanagement will continue to broad-
en [10]. Though multiple ablative techniques are continually
evaluated, outcomes among techniques are comparable, and
deciding on which modality to use should be based on tumor
properties and operator experience [11]. Herein, we discuss
the most studied ablation technologies of cryoablation (CA)
and radiofrequency ablation (RFA), and newer technologies
including microwave ablation (MWA) and irreversible
electroporation (IRE) (Table 1).

Ablative Techniques

Cryoablation

CA refers to the use of extreme cold temperatures for destruc-
tion of tissue. Since its introduction in the 1980s, the technol-
ogy has evolved into an argon gas-based system, which
achieves freezing through the Joule-Thomson principle [12].
Tissue destruction occurs in an area around the cryoprobe,
which creates an expanding ice ball. Immediately adjacent to
the probe, rapid freezing leads to intracellular ice crystal for-
mation causing mechanical trauma to cell membranes and
subsequent apoptosis. Farther away from the probe, extracel-
lular ice crystal formation dehydrates cells through an increas-
ing osmotic gradient, and during thawing, leads to cellular
edema and death. These effects also occur in the endothelium
causing thromboembolism and vascular necrosis, accentuat-
ing tissue damage. This process can be actively monitored via
ultrasound. Although CA leads to tissue destruction at
−19.4 °C, some animal models suggest that lower tempera-
tures are required for cancerous tissues due to increased fibro-
sis. This ultimately led to a clinical target goal below −40 °C
[13].

As the ablation zone is not a uniform temperature with
respect to distance from the cryoprobe, expansion of the ice

ball should include a margin around the renal mass. Intrarenal
measurements of temperature during CA show a temperature
of 0 °C at the leading edge of the ice ball, with temperatures
consistently less than −20 °C within 3 mm from the leading
edge. Thus, for adequate ablation, the planned treatment zone
should reach 5–10 mm beyond the targeted region, though as
shown by Ge et al., a 1.5-mm margin of a well-centered ice
ball correlated with a successful ablation [14].

Currently, it is recommended to perform a double freeze-
thaw cycle to amplify the destructive effects of CA. There is
some concern that a rapid, forced (active) thaw using helium
gas, despite being faster, may decrease the interval of expo-
sure to subfreezing temperatures and be deleterious to tumor
destruction. Thus, a passive thaw, using body heat for
warming, is recommended for the first cycle while an active
thaw may be appropriate during the second cycle. Though the
duration of treatment to achieve irreversible tissue damage is
not clear, freezing tissue between 5–10 min seems to ade-
quately cause cell death [15]. Durable and similar outcomes
have been seen with both laparoscopic and percutaneous ap-
proaches [16].

Radiofrequency Ablation

Radiofrequency ablation (RFA) utilizes energy created by a
high frequency alternating electrical current to heat tissue and
cause cellular death. An electrical probe, or series of probes, is
used to deliver a high frequency current (460–500 kHz), in-
ducing the vibration of intracellular ions and generating heat
through molecular friction in an expanding sphere. This can
be achieved through two types of systems: a temperature-
based system, which drives the current to reach a particular
temperature, or an impedance-based system, which continues
ablation until a pre-determined impedance (i.e., resistance)
level is reached [17].

Current systems utilize single- or multi-tined probes, which
may allow for increased tissue volume ablation or more accu-
rate monitoring of temperature and successful ablation. Each
electrode is insulated except at the tip, which allows for selec-
tive positioning in the tissue for ablation. Additionally, some

Table 1 Comparison of oncologic outcomes and complications among modalities

Modality Oncologic outcomes (%) Complications (%)

5-year LRFS 5-year CSS Clavien I/II Clavien III/IV Blood transfusion Urinary tract injury

RFA [3, 28••, 29, 49–51, 54–56] 87–95 98–100 2.0–6.7 1.3–9.7 1.6–3.5 1.7–4.8

Cryo [6, 30••, 31••, 49, 50, 52, 53, 57, 58] 86–87 95–99 1.9–15 0.7–16.7 1.3–25 0.4–0.8

MWA [37, 38•, 39, 61] 68–92a – 1.9–20 7.1–20 2 1.5–20

IRE [22•, 41] 15b – 35 – – –

a Longest follow-up at 3 years
b Longest follow-up at 1 year
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systems are designed to have a constant infusion of irrigation
around the probe, referred to as Bwet^ RFA. This reduces
impedance by limiting tissue charring, allowing for a wider
ablation zone [18].

Tissue death is dependent on energy delivered through the
probe, maximum temperature, and total ablation time.
Although temperatures above 60 °C cause protein denatur-
ation and cell death, most modern temperature-based systems
heat to a target temperature of 105 °C to ensure homogenous
tissue death. This corresponds to a resistance of 200–500 ohms
in impedance-based systems. However, if the energy applied
is too high, charring of the tissue can occur increasing imped-
ance and leading to a non-uniform distribution of energy or
incomplete heating [17]. It should be noted that unlike CA,
which can be monitored during the procedure radiographical-
ly, RFA can be monitored with heat and impedance feedback
only. Furthermore, the ablation zone may be affected by a heat
sink effect: if the renal mass is close to large vessels or the
collecting system, thermal energy may dissipate through the
cooler flowing blood/urine [17].

Microwave Ablation

Microwave ablation (MWA) induces cellular death in a similar
manner to RFA by generating heat through rapid water ion
oscillation. Energy is delivered through microwaves via
probes at a frequency between 900 MHz and 2.5 GHz. The
most common frequencies used are 915MHz or 2.45GHz due
to the Federal Communications Commission permissions.
Unlike RFA, this propagation is independent of the tissue
conductivity and a zone of ablation forms regardless of tissue
impedance. In this manner, MWA is able to achieve higher
temperatures faster than RFA and is not as susceptible to char-
ring or heat sink effects [19].

Early MWA systems had less success due to bulky coaxial
cables and inefficient antennas. Newer systems have more
efficient cables and antennas utilizing gas or liquid to mini-
mize power loss [19]. Currently, most systems are composed
of a generator, a power distribution system, a cooling system,
and antennas.

Irreversible Electroporation

Unlike the other modalities, irreversible electroporation (IRE)
is a non-thermal method of tissue ablation. Longstanding lit-
erature has recognized the ability of electrical currents to in-
duce reversible poration in cellular membranes [20]. By mod-
ulating the energy used, a more powerful current and a larger
number of pulses leads to irreversible poration and eventual
cell death [21]. In a typical IRE procedure, 2–4 monopolar
probes are inserted in the target tissue and an electric field is
generated across cells. Based on theoretical models, currently
practiced IRE protocols involve spacing electrodes 10–20mm

apart and applying 70 pulses between each probe pair. Polarity
of pulses is reversed and repeated in some series to give a total
of 140 pulses administered [22•]. The amount of energy ap-
plied should achieve a goal current of 30–40 amperes to sig-
nify adequate cell death [23]. Ablation of larger tumors can be
achieved by increasing the number of surrounding probes.

There is appropriate concern regarding severe muscle con-
traction and the induction of cardiac arrhythmias due to the
applied energy pulses. Therefore, IRE is performed under
general anesthesia with paralysis. Patients are electrocardio-
graphically monitored, and it is recommended to apply defi-
brillation pads pre-procedure in case of a significant arrhyth-
mia. However, there is no literature to our knowledge describ-
ing a significant intraoperative arrhythmia due to
electroporation.

Outcomes

Defining Success

The goal of renal tumor ablation is curative despite the lack of
standardized protocols for each modality and variations in the
definition of ablative oncologic success. Immediately after the
procedure, technical success is determined based on radio-
graphic evidence of an ablation zone entirely encapsulating
the desired lesion, although this may not translate to oncologic
success. Post-ablation, cross sectional imaging is the accepted
measure of treatment efficacy [24]. Per the AUAGuidelines, a
CTorMRI with intravenous contrast should be obtained with-
in 3–6 months after ablation and annually thereafter up to
5 years [25]. In general, loss of contrast enhancement, devel-
opment of a halo/rim of fibrotic tissue, or decrease in size by
50 % in the target area is considered evidence of complete
tissue destruction and enlarging or enhancing lesions are evi-
dence of local tumor recurrence or progression [26]. However,
some evidence suggests temporary enhancement may still be
seen after CA in some successfully treated patients. In one
cohort, Nielsen et al. found that 31 % of patients had enhance-
ment on follow-up imaging after CA. On subsequent imaging,
45 % of these enhancing lesions resolved spontaneously, sug-
gesting that imaging alonemay not be the most accurate test to
evaluate oncologic success [27]. The role of post-ablation bi-
opsy is still controversial as interpretation of the results is
challenging. Further work must be done to better characterize
treatment success for ablative therapies.

Oncologic Outcomes of CA and RFA

The body of literature evaluating ablative therapies has rapidly
increased allowing for a more accurate assessment of onco-
logic success. The meta-analysis supporting the 2009 AUA
Guidelines suggested that both CA and RFA have poorer local
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recurrence-free survival (LRFS) compared to laparoscopic
and open partial nephrectomy despite a similar cancer-
specific (CSS) and overall survival (OS) [3]. These conclu-
sions, however, were reached in the setting of smaller tumors
with short follow-up. More contemporary literature has im-
proved our understanding of the oncologic outcomes of ther-
mal ablation.

The AUA meta-analysis demonstrated LRFS of 91 and
87 % at a mean of 19–23 months for CA and RFA, respec-
tively. More recently, Psutka et al. demonstrated LRFS of
95 % for cT1a tumors after RFA with a median follow-up of
6.5 years [28••]. Similar success was supported in a separate
series by Olweny and colleagues with a minimum of 5 years
of follow-up [29]. The long-termCA literature, comparatively,
has shown 5-year LRFS of 86–87 % [16, 30••].

The AUAmeta-analysis further concluded that thermal ab-
lation and surgical extirpation have comparable CSS and OS
rates. However, the thermal ablation mean follow-up time was
17–19 months, a significant shortcoming. Psutka and col-
leagues demonstrated CSS of 100 % at median follow-up of
6.5 years in 143 cT1a renal masses, but an OS of 74 % owing
to the comorbidities of this population [28••]. Similarly, Kim
et al. showed 5-year CSS of 99 % in 263 cT1a masses under-
going CA, with OS rates of 79 and 86 % for the laparoscopic
and percutaneous routes, respectively [28••]. In an even longer
follow-up period, Caputo et al. showed a 10-year CSS of 93%
and OS of 54 % in 131 tumors after CA, with median follow-
up of 92 months [30••].

Additionally, recent comparisons of ablation to surgical
excision of SRMs show similar long-term outcomes. In an
evaluation of 1424 patients with T1a disease undergoing ei-
ther PN, RFA, or CA, Thompson et al. demonstrated no sig-
nificant LRFS difference between the three groups at 5 years,
though metastatic free survival seemed to be better in the
partial nephrectomy (99 %) and cryoablation (100 %) groups
[31••]. The group assessed a likely selection bias in evaluated
studies for patients undergoing partial nephrectomy as well as
a small number of metastases (n = 4) in patients undergoing
RFA and caution interpretation of these results as truly signif-
icant. Though these retrospective studies suggest good onco-
logic outcomes at long-term follow-up, prospective studies are
necessary to better elucidate the oncologic success of CA and
RFA.

It is likely that the therapeutic efficacy of thermal ablation
will improve with better patient and tumor selection, allowing
for a further application of the technology. For example,
Gahan et al. used a modified R.E.N.A.L. nephrometry score,
where the R variable was modified to stratify tumors less than
4 cm. They found significant differences in ablation success
and recurrence-free survival between low, medium, and high
complexity tumors [32, 33]. Similarly, Best et al. demonstrat-
ed 5-year overall disease free survival of 95 % in tumors
<3.0 cm compared to 79 % in tumors larger than 3.0 cm

[34]. The outcomes of ablative therapies, however, are likely
not solely influenced by size. For example, Lay et al. found
improved ablation success in papillary RCC types compared
to clear cell types, likely due to differing vascularity of the
tumor types [35]. Given that many patients do not have a
biopsy prior to their ablation, they also assessed CT enhance-
ment, noting that tumors with enhancement greater than 60
Hounsfield units experienced a higher risk of incomplete ab-
lation compared to less-enhancing tumors [36].

Oncologic Outcomes of Ablative Therapies—MWA
and IRE

Oncologic outcomes for MWA and IRE are limited by small,
retrospective studies without long-term results. MWA has
shown mixed early results, with more recent encouraging
findings given improvements in the technology. An early
study evaluating MWA by Castle et al. found a disappointing
38 % tumor recurrence rate at 18 months follow-up, for renal
masses. However, they studied comparatively larger (mean
3.65 cm) and more complex tumors with 50 % abutting the
renal sinus [37]. This small series, additionally, used older
technology that likely further limited technical success.
Using a more advanced system, Moreland et al. found no
progression in 55 tumors (mean diameter of 2.7 cm) at a mean
follow-up of 8 months [38•]. Additionally, with longer follow-
up, Yu et al. showed favorable outcomes in 46 patients who
underwent MWA for RCC with a 7.7 % local progression rate
at 3 years [39]. These results show promise for the application
of MWA in treating SRMs.

IRE has been shown to be safe in animal models and has
been examined more recently in humans [40, 41]. A phase 1
study evaluating IRE followed by immediate resection
showed safety of IRE in human subjects without any compli-
cations, though oncologic effectiveness was not well evaluat-
ed as all ablated tumors were resected on average 15 min after
electroporation [42]. The largest single series evaluation of
oncologic efficacy, performed by Trimmer et al., evaluated
20 patients with a mean tumor diameter of 2.2 cm. Two pa-
tients (10 %) failed initial ablation, and one patient developed
a local recurrence at 1 year that was subsequently treated with
robotic partial nephrectomy [22•]. Both MWA and IRE are
still under active investigation for routine use in SRM
ablation.

Renal Function Outcomes

Maintaining renal function after treatment for SRM is inde-
pendently associated with increased post-procedural renal
volume [43]. Ablative techniques minimize normal renal
parenchyma loss and improve long-term renal function
compared to mass excision. A retrospective review of patients
with SRMs treated by partial nephrectomy, cryoablation, or

59 Page 4 of 7 Curr Urol Rep (2016) 17: 59



radiofrequency ablation revealed a comparatively decreased
renal parenchymal volume loss with thermal ablation versus
extirpation [9]. A corresponding and significant decrease in
mean glomerular filtration rate (GFR) was also noted
(−8.2 versus −13.7 %, respectively) [9]. Ji et al. further found
improved GFR for laparoscopic CA compared to partial
nephrectomy with 5-year follow-up [44]. Similar studies
suggest that thermal ablation preserves renal function in
patients with pre-existing chronic kidney disease (CKD) and
complex tumors [32]. Wehrenberg-Klee et al. evaluated 48
patients with a mean GFR of 39.8 mL/min and found no
significant change in renal function 1 year after renal mass
ablation [45].

Salvage

Limited data is available regarding surgical management of
local recurrences after ablation. Karam et al. described the
outcomes of 14 patients undergoing salvage surgery. In total,
11 patients underwent partial nephrectomy and three
underwent radical nephrectomy. One patient had a positive
microscopic margin and four patients (29 %) had Clavien
grade III complications [46]. Similarly, Jimenez et al. pub-
lished their results of 27 patients requiring salvage nephrecto-
my (n = 12) or partial nephrectomy (n = 15). Complications
occurred in 17 patients (63 %) with six (22 %) being
Clavien grade III or greater [47]. Both studies noted signifi-
cant peri-tumor fibrosis making dissection difficult. Though a
desmoplastic reaction has been elsewhere reported after treat-
ment, it is unclear if laparoscopic versus percutaneous ablation
impact ease of dissection. Regardless, it should be understood
that partial nephrectomy is feasible after failed thermal abla-
tion in select patients, and significant complications can occur
regardless of approach. These cases should be referred to
high-volume centers.

Complications

Percutaneous ablation minimizes complications compared to
excisional therapy. Typically, ablation complications are due
to uncontrolled or expansive energy distribution outside of the
target zone, and occur more frequently in complex renal
masses [48]. The 2009 AUA meta-analysis regarding SRM
management reported no significant difference for major uro-
logic complications between CA (4.9 %) and RFA (6 %).
More recent evaluations have better elucidated the complica-
tions of ablation.

The majority of complications associated with ablation are
minor, one of the most common being pain or paresthesia at
the insertion site. Significant pain or nerve injury lasting after
the procedure can be seen in up to 4 % of patients [49, 50].
This is usually temporary and resolves with time and oral pain
medication. Additionally, small perinephric hematomas can

occur in up to 14 % of patients after ablation but are rarely
symptomatic [2, 51].

The most common major complication after CA is hemor-
rhage, often from a combination of renal capsule fracture dur-
ing rapid thawing and a local coagulopathy due to platelet
dysfunction [50, 52]. The literature regarding hemorrhage in
CA has shown transfusion rates of up to 8 % and need for
angiography with possible ablation in 3 % of patients in the
series described by Atwell et al. [50, 53]. In contrast, the
coagulative effect of heat ablation seem to protect against
hemorrhage after RFA as major bleeding rates are less than
4 % in most series [50, 54].

For RFA, the most common major complication is
urothelial injury leading to urinary leak or possible stricture,
and has been reported in up to 4.8 % of cases [51, 54]. This is
more likely to occur in tumors near the collecting system or
ureter [55, 56]. CA, in comparison, has a relatively low risk of
collecting system injury with reports of urine leak in only 1–
2 % of cases [57, 58].

Uncommon complications, but equally concerning, include
pleural injury and pneumothorax, which may occur when
placing ablation probes or during laparoscopy. The incidence
of pleural injury is around 2%, thoughmost are asymptomatic
and rarely require a chest tube [50, 56, 59, 60]. Infection and
bowel injury are increasingly rare with an incidence of ap-
proximately 1 % in contemporary series [16, 50, 51]. Such
complications can be minimized by appropriate pre-
procedural imaging and patient selection.

Given the novelty of MWA and IRE, literature on compli-
cation rates is limited. Due to the heating properties of MWA,
we expect a similar complication profile to RFA. Prior reports
have demonstrated a low risk of hemorrhage, with increased
risk of collecting system injury leading to urinoma, uretero-
pelvic junction obstruction, or urinary fistula [37, 38•, 39, 61].
With fewer reports on IRE and the athermal technology, com-
plications are not well understood. Trimmer et al. described
only minor complications in 35 % of patients, including uri-
nary retention (likely due to anesthesia), increased pain post-
procedurally, and asymptomatic retroperitoneal hematoma
[22•]. The theoretical benefits regarding the safety of IRE
has been shown in animal models, but more research is re-
quired to exemplify this in humans.

Conclusions

In light of the increasing incidence of small renal masses and
an aging population, a variety of ablative therapies have de-
veloped for the treatment of SRMs. The techniques have du-
rable results over the past decade though larger, prospective
studies may better elucidate oncologic outcomes.
Furthermore, compared to extirpative therapy, ablation comes
with a decrease risk in complications. As the technology
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evolves, it is likely that the application for ablation will
expand to include a variety of populations.
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