
6 ONCOLOGY • VOLUME  19 • NUMBER  11 • SUPPLEMENT

ABSTRACT

Financial Disclosure: Dr. Gervais is a con-
sultant for Valleylab. Dr. Arellano and Dr.
Mueller have no significant financial arrange-
ment or affiliation with any manufacturer of
any pharmaceutical or medical device and are
not affiliated in any manner with any provider
of any commercial medical or health-care pro-
fessional service.

Percutaneous Ablation
of Kidney Tumors
in Nonsurgical
Candidates

DEBRA A. GERVAIS, MD
Director of Abdominal
Interventional Radiology
Assistant Professor of Radiology

RONALD S. ARELLANO, MD
Director of Abdominal Intervention
Clinic Operations
Instructor of Radiology

PETER MUELLER, MD
Director of Abdominal Imaging
and Intervention
Professor of Radiology
Massachusetts General Hospital
Harvard Medical School
Boston, Massachusetts Although resection currently remains the standard of care for renal

carcinoma, the search for less invasive treatments has led to alternative
surgical approaches. Even less invasive, and appropriate for many
groups of patients, is percutaneous radiofrequency ablation, which in-
duces tumor necrosis via lethal hyperthermia. Multiple series of renal
tumors treated with percutaneous ablation in vivo and left in situ have
been published; these series reveal that for small renal tumors,
radiofrequency ablation results in complete necrosis at imaging in 79%
to 100% of cases. Because current results come from tumors left in situ
with short postablation follow-up, long-term results are necessary to
compare outcomes to surgical standards. Complication rates are lower
than those following partial nephrectomy. Future reports will shed light
on the long-term outcomes of percutaneous ablation and the relative
advantages and disadvantages of various technologies for thermal ab-
lation.

Over 35,000 new cases of renal
cell carcinoma (RCC) oc-
curred in the United States in

2004,[1] most of them detected as
incidental imaging findings on com-
puted tomography (CT), magnetic res-
onance (MR), or ultrasound.[2,3]
Since most of these tumors are rela-
tively small when detected, the clas-
sic clinical triad of flank pain,
hematuria, and palpable mass is now
rarely encountered. Many of these in-
cidentally discovered RCCs are also
slowly growing. Bosniak et al showed
that RCCs smaller than or equal to 3.5
cm grow at an average rate of 0 to 1.1
cm/yr (mean 0.36 cm/yr).[4]

Most RCCs are surgically removed,
and resection of RCC remains the stan-
dard of care.[5] Traditional treatment
has been open complete nephrecto-
my, but the search for less invasive
procedures as well as for nephron-
sparing surgery has led to alternative
surgical approaches.[6,7] These in-
clude partial open and laparoscopic

partial or complete nephrectomy. For
appropriately selected tumors, neph-
ron-sparing resection has shown out-
comes that are equivalent to total
nephrectomy.[5-7]

Open, partial, and laparoscopic
nephrectomies are now available to
most patients. For some patients, how-
ever, an even less invasive procedure
may be indicated. Patients with soli-
tary kidneys or limited renal function,
for example, may not tolerate even a
partial nephrectomy without requir-
ing postoperative dialysis. For patients
with bilateral or multiple RCCs, fur-
ther partial nephrectomy may tip them
to dialysis. Finally, patients with ex-

tensive comorbid conditions may face
unacceptable risks from surgery and
general anesthesia.

Imaging surveillance has been ad-
vocated for elderly patients with co-
morbid conditions placing them at
high risk for operative complications
or complications related to anesthe-
sia, because of the slow growth of
these small tumors and the strong like-
lihood that many of them will never
become clinically significant. This
course of action may result in unac-
ceptable patient anxiety, however.

Percutaneous ablation may provide
an alternative treatment option for all
these groups of patients. Ablation of
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RCC left in situ has been performed
intraoperatively using cryoablation
before percutaneous cryoprobes be-
came available.[8] Cryoablation in-
duces tumor necrosis by freezing
tissue. The first needle applicators suit-
able for percutaneous application were
radiofrequency electrodes. Thus, most
of the published literature on percuta-
neous ablation of renal masses is on
RF ablation, which induces tumor ne-
crosis via lethal hyperthermia. Now
that percutaneous cryoprobes are
available, experience with image-
guided percutaneous cryoablation will
undoubtedly increase. A microwave
ablation system with percutaneous
applicators, also based on hyperther-
mia, has become available in the Unit-
ed States, but no published reports of
its use in renal tumors left in situ have
yet appeared.

In 1997, Zlotta et al reported the
first percutaneous application of re-
nal RFA, confirming its safety and
feasibility under local analgesia.[9] In
his initial series, three tumors were
subsequently resected, confirming
RFA’s ability to create extensive lo-
cal necrosis in in vivo renal tumors.[9]
In 1999, McGovern et al reported the
first in situ renal tumor treated solely
with RFA.[10] In 2000, Gervais et al
presented the first series of such pa-
tients treated solely with RFA.[11]
Nine tumors in eight patients under-
went RFA with postablation imaging
surveillance to monitor treatment re-
sponse. Because the tumors were left
in situ, assessment of tumor response
was performed with imaging. Gervais
et al applied a CT or MR interpretive
scheme based on extrapolation of ra-
diologic-pathologic correlation work
in liver tumor ablations performed by
Goldberg et al.[11,12] In this study,
necrosis was shown to correlate with
lack of enhancement to within 2 mm
and tumor enhancement was shown
to correlate with viable tumor.[12]
This interpretative scheme has since
been widely applied by other investi-
gators.

Since these early reports, multiple
series of renal tumors treated with
percutaneous ablation in vivo and left
in situ have been published.[13-26]
Table 1 summarizes the results of the
larger published series of percutane-

ous RFA of renal tumors. These se-
ries reveal that for small renal tumors,
RFA results in complete necrosis at
imaging in 79% to 100% of cases.[13-
26] Differences in results are related
partly to differences in protocol. In
one protocol in which early residual
disease was treated with repeat percu-
taneous ablation, for example, 100%
complete necrosis at imaging was
achieved for all tumors 4 cm or small-
er.[13] The series with the lowest suc-

cess rate (79%) used less powerful
generators than are now commonly
available, perhaps resulting in less
complete ablation.[19] Modern sys-
tems average over 90% complete ne-
crosis in small tumors. The follow-up
period following renal tumor ablation
has been short, however, averaging
less than 3 years. Although early ex-
perience is encouraging, long-term
outcomes are necessary to provide
meaningful comparison to standard

Table 1

Results of the Larger Series of Renal Tumors Treated With
Percutaneous Radiofrequency Ablation

Author Tumors/Pts Tumor Size Results of RF Ablation

Gervais et al, 2005[13]     100/85 1.1 to 8.9 cm ≤ 3 cm: 52/52 (100%)
mean 3.2 cm 3 to 5 cm: 36/39 (92%)

> 5 cm: 2/8 (25%)
*1 large (> 8 cm) RCC
excluded from analysis
due to absence of baseline
enhancement

Farrell et al, 2003[15]     35/20 0.9 to 3.6 cm 35/35 (100%)
mean 1.7 cm

Su et al, 2003[16]     35/29 1 to 4 cm 33/35 (94%)
mean 2.2 cm

Mayo-Smith et al,     32/32 1 to 5 cm 31/32 (97%)
2003[17] mean 2.6 cm

Ahrar et al, 2005[18]     28/27 1.5 to 6.5 cm 23/24 (96%)
mean 3.5 cm *Imaging not available

in all 28 cases

Pavlovich et al, 2002[19]    24/21 1.5 to 3 cm 19/24 (79%)
mean 2.4 cm

Zagoria et al, 2004[20]     24/22 1 to 7 cm ≤ 3 cm: 11/11 (100%)
mean 3.5 cm > 3 cm: 9/13 (69%)

Veltri et al, 2004[21]     18/13 1.5 to 7.5 cm ≤ 3.5 cm: 16/17 (94%)
mean 2.5 cm > 3.5 cm: embolized first

Mahnken et al, 2004[22]     15/14 1 to 4.5 cm 15/15 (100%)
mean 3 cm *Pre-RF embolization

for 6 tumors > 3 cm

Ogan et al, 2002[23]     13/12 1.4 to 3.6 cm 12/13 (93%)
mean 2.4 cm

Roy-Choudhury et al,     11/8 1.5 to 5.5 cm 9/11 (82%)
2003[24] mean 3.0 cm

Lewin et al, 2004[25]     10/10 1 to 3.6 cm 10/10 (100%)
mean 2.3 cm

De Baere et al, 2002[26]     5/5 3.0 to 4.0 cm 5/5 (100%)
mean 3.3 cm

Total   350/298 0.9 to 8.9 cm 318/344 (92%)

RCC = renal cell carcinoma; RF = radiofrequency.
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surgical resection.
Fewer published reports on percu-

taneous cryoablation exist, but lap-
aroscopic experience suggests we can
expect similar outcomes.[8,27] Gill
et al reported on 56 patients, 36 with
RCC, who underwent laparoscopic
renal cryoablation with residual/recur-
rent RCC at biopsy in two tumors.[8]
Enhancement characteristics were not
reported, but 17 tumors had disap-
peared by 3 years.[8] In a smaller
percutaneous series, Shingleton and
Sewell performed MR-guided cryoa-
blation in 14 patients with 15 renal
masses in solitary kidneys, two of
whom were lost to follow-up.[27] Of
the remaining 12 patients, 10 (83%)
underwent complete necrosis at im-
aging, with a mean of 17 months of
follow-up.[27]

Case Evaluation
Case selection for percutaneous

ablation involves consideration of
three broad issues: patient factors, tu-
mor factors, and feasibility factors.

Patient Factors
Factors that define the clinical in-

dications for percutaneous ablation of
RCC include comorbid conditions ren-
dering surgery risky, limited renal
function, and multiple RCC or its pre-
disposition as with von Hippel-Lindau
disease or familial types of RCC.[13]
Patient evaluation is best done in con-
sultation with a urologist experienced
in treatment of RCC to ensure that all
surgical options have been considered.
A collaborative approach consisting
of a multidisciplinary team with mem-
bers from urology and interventional
radiology provides the best combined
expertise for successful patient man-
agement and outcomes.[13]

Tumor Factors
Tumor size and location must be

considered. Small tumors are ideal
because of the technical limitations of
the ablation systems with respect to
the volume of tissue that undergoes
necrosis. The size criterion for inclu-
sion of a “small” tumor in RFA has
ranged from 2.5 to 4 cm depending
on the series.[13-26] A recent RCC
analysis based on 100 cases suggests
that 4 cm is an appropriate definition,

with all tumors 4 cm or smaller un-
dergoing complete necrosis, 92% (48/
52) in one ablation session and the
remaining 8% in two sessions.[13]
Larger tumors have been completely
ablated in some series, but experience
with these is less extensive,[13] and
increasing size often requires an in-
creasing number of ablation ses-
sions.[13] The largest tumor
completely treated with percutaneous
ablation alone was 5.5 cm.[19] Some
have combined embolization with ab-
lation for larger tumors.[21,22]

Tumor location also affects abla-
tion results. The ideal renal tumor for
percutaneous ablation is an exophytic
RCC. The surrounding perirenal fat
serves as an insulator to allow higher
temperatures of longer duration to be
achieved with RFA. Central tumors,
on the other hand, can prove more
difficult to ablate because of proximi-
ty to large hilar vessels. Blood flow
provides constant cooling during RFA,
thus limiting the effect of the abla-
tion. Gervais et al demonstrated that
central location did not necessarily
preclude complete ablation, but cen-
tral tumors as a group were less likely
to undergo complete necrosis com-
pared with exophytic tumors.[13]

Feasibility
Case evaluation assesses whether

the case is feasible and safe using a
percutaneous approach. A safe percu-
taneous path to the tumor, avoiding
bowel and large vessels, must exist.
Even if a percutaneous approach is
possible with the needle applicator,
the proximity of the tumor to other
structures that might be damaged by
thermal injury must be considered.
For renal tumors, this means careful
attention to the location of bowel, ure-
ter, and ureteropelvic junction. Even
when these structures are adjacent to
tumor or within a few millimeters,
percutaneous ablation may still be
possible if the structures can be sepa-
rated from tumor via positional ma-
neuvers, hydrodissection, instillation
of CO2, balloon displacement, or man-
ual compression.[14,28,29] For tu-
mors that cannot be separated from
vital structures, surgical approaches
to ablation or resection or imaging
follow-up remain options.

Performing Ablation

Planning and performing a renal
tumor ablation requires diligent at-
tention to the findings on preablation
diagnostic imaging. Tumor margins
must be known to plan the desired
size of the ablation zone. Pavlovich et
al emphasized preservation of normal
renal parenchyma in their early se-
ries.[19] This technique may in part
have been responsible for their lower
rate of complete ablation.

Although achievement of a 5- to
10-mm margin of normal renal tissue
at the RCC/kidney interface is not
mandatory, Ogan et al have advocat-
ed striving for a small margin of renal
tissue when performing ablation to
help ensure more complete tumor ne-
crosis.[23] An approach that includes
margins in the planned ablation zone
is further supported by the work of
Goldberg et al, who found that viable
tumor cells remained present at the
margins in four of five liver tumors
where the zone of ablation was equal
in size to the tumor in the absence of
enhancement at CT.[12] These spa-
tial resolution limitations of imaging
technology must be considered when
planning and performing percutane-
ous ablation. Although some have ad-
vocated performing the first RFA at
the tumor/kidney interface to devas-
cularize this area, recent work sug-
gests that this approach does not
produce outcomes different from oth-
er approaches.[14]

A single applicator may not result
in an ablation zone of adequate size,
or the geometry of the ablation zone
may not correspond to the tumor ge-
ometry, leaving viable tumor. For this
reason, multiple applications are nec-
essary. Cryoablation uses multiple sin-
gle cryoprobes, placed and activated
simultaneously, until multiple freeze-
thaw cycles are completed. On the
other hand, most RF electrode sys-
tems are applied as a single applicator
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Figure 1: Percutaneous Ablation of Right Renal Mass—(A) Enhanced CT shows posterolateral en-
hancing right renal mass (arrow) in patient too ill to undergo surgery. Percutaneous ablation was per-
formed. (B) CT at RFA with patient prone shows cluster electrode (arrow) placed in center of tumor with
electrode tip advanced just beyond tumor margin. (C) CT at RFA shows electrode repositioned to per-
form overlapping medial ablation. (D) CT at RFA shows electrode repositioned again to perform lateral
and slightly inferior ablation. (E) Unenhanced CT following RFA shows heterogeneous density inside
renal mass (arrow) with areas of high density from protein coagulation. (F) Enhanced CT following RFA
shows no enhancement in renal mass (arrow) as confirmed by density measurements at all levels of
solid mass. Note high density that might be misinterpreted as enhancement if careful comparison to
unenhanced images were overlooked. Interpretation of postablation CT requires careful comparison of
unenhanced and enhanced images to ensure that no focal areas of subtle enhancement are missed
and that high-density areas on unenhanced images are not confused with enhancement. CT = com-
puted tomography; RFA = radiofrequency ablation.

A B C

D E F

with multiple overlapping ablations
performed in one session by reposi-
tioning of the electrode after each ab-
lation to cover the entire tumor volume
(Figure 1). New technology allows
up to three simultaneous electrode
placements, with the generator deliv-
ering power to each electrode sequen-
tially.[30]

Computed tomography, MR, or

ultrasound can provide imaging guid-
ance for positioning of the needle ap-
plicators.[13,25,27] Each has its
advantages and disadvantages. Mag-
netic resonance can provide accurate
assessment of the treatment margin in
multiple planes while the patient is
still on the table, but it is expensive,
not widely available for intervention-
al use, and requires special monitor-

ing equipment as well as special MR-
compatible applicators. Ultrasound
can provide rapid real-time evalua-
tion of needle position without the
use of ionizing radiation, but it may
not easily demonstrate some tumors,
particularly on the left. Echoes gener-
ated by RFA and the echogenic prox-
imal edge of the iceball at cryoablation
preclude accurate monitoring of the
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treatment effect and limit visibility
for subsequent repositioning of RF
applicators for overlapping ablations.

Computed tomography provides
accurate localization of the needle ap-
plicators, and visibility of the appli-
cators is not limited by treatment
effects such as gas formation or small
amounts of hemorrhage. Neither ul-
trasound nor noncontrast CT predicts
the precise location of the treatment
margin. Near the end of an ablation, a
bolus of contrast material may be use-
ful in demonstrating remaining tumor.
Contrast material may concentrate
near the ablation zone, however, lim-
iting the utility of subsequent boluses
of contrast material.

Radiofrequency systems allow for
electrocautery of the needle tract upon
removal. Tract ablation theoretically
limits tract seeding and the risk of
hemorrhage.

Patient Management
Issues to consider in preparing a

patient for ablation include tissue di-
agnosis, status of outpatient vs short-
stay inpatient care, and choice of
sedation vs anesthesia. Percutaneous
ablation of RCC can be performed as
an outpatient procedure,[13] but ad-
mission may be required to allow com-
plete recovery from sedation.
Intravenous sedation is used in many
cases (midazolam 2 to 5 mg, fentanyl
100 to 300 µg, meperidine 50 to 100
mg).[13] Selected patients may require
general anesthesia if they do not meet
institutional criteria for IV sedation.
Some institutions prefer to perform
all cases under general anesthesia.[18]

Differential diagnosis of a solid
enhancing mass on CT or MRI in-
cludes RCC, fat poor angiomyolipo-
ma, oncocytoma, metastases, or
lymphoma. Definitive pathologic di-
agnosis of a renal mass left in situ
requires needle biopsy. Traditionally,

for management purposes, urologists
have treated a solid enhancing renal
mass at CT or MR as renal cell carci-
noma. Since needle biopsies may miss
RCC in a small number of cases, all
these masses were resected, provid-
ing material for histology. Leaving
the renal tumor in situ after ablation,
however, provides no tissue diagno-
sis to help guide postablation man-
agement.

A recent report found that 10 of 27
patients referred for ablation had be-
nign masses.[31] Thus, most patients
undergo needle biopsy to establish a
diagnosis prior to ablation. In select-
ed cohorts, such as patients with von
Hippel-Lindau, some have argued
against biopsy prior to ablation be-
cause the likelihood of RCC is high
regardless of biopsy results.[19] This
area remains controversial.

Following ablation, imaging fol-
low-up with unenhanced and en-
hanced CT or MR allows for response
assessment (Figures 1E and 1F).[11]
Although imaging intervals vary
among institutions, most radiologists
perform imaging within one month
for prompt detection of residual via-
ble tumor.[13-27] Small foci of resid-
ual viable tumor can then be ablated
again.[14] Because of the lack of long-
term data on the efficacy of ablation,
imaging continues indefinitely, initial-
ly at 3- to 6-month intervals and then
at annual intervals once no viable tu-
mor has been confirmed in the first
year or two of follow-up.

Recovery from percutaneous abla-
tion involves the effects of sedation
or anesthesia on the first day. In the
first few days, patients normally ex-
perience mild to moderate local dis-
comfort that improves over time.
Postablation syndrome, flulike symp-
toms such as fever, muscle ache, and
fatigue, is seen in a minority of pa-
tients. The syndrome is self-limiting
and responds well to acetaminophen
or nonsteroidal anti-inflammatory
agents.

Complications are rare following
RFA compared with partial nephrec-
tomy.[5-7,13] The most common is
hemorrhage, and this may be more
common in central tumors.[13] Uri-
nary collecting system obstruction can
occur from ureteral injury with stric-

ture formation or from bleeding into
the collecting system.[13,14] Injury
to nerves from the lumbar plexus may
cause transient paresthesias along cu-
taneous nerve distributions.[13,15,19]
Tract seeding has been reported in a
single case in which a cutaneous tu-
mor was subsequently removed.[17]
There is also potential for bowel inju-
ry or pleural complication requiring
thoracostomy drainage.

Conclusion

Percutaneous ablation of renal tu-
mors has shown promising early re-
sults. Until long-term data are
available, the use of percutaneous ab-
lation for solid renal masses is limited
to patients who are not ideal candi-
dates for surgical resection.

Tumor factors play an important
role in case selection, with tumors 4
cm or smaller yielding up to 100%
complete necrosis with modern abla-
tion systems. Exophytic location pro-
vides a favorable “oven effect” from
the insulating properties of the perire-
nal fat, while central location may
make complete ablation more diffi-
cult due to the perfusion in large hilar
blood vessels. Because current results
come from tumors left in situ with
short postablation follow-up, long-
term results are necessary to compare
outcomes to surgical standards.

Complication rates are lower than
those following partial nephrectomy.
Future reports will shed light on the
long-term outcomes of percutaneous
ablation and the relative advantages
and disadvantages of various technol-
ogies for thermal ablation.
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