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Abstract Renal cell carcinoma is a common malignancy
causing significant mortality. In recent years abdominal
imaging, often for alternate symptomatology, has led the
trend toward the detection and confirmation of smaller
renal tumors. This has permitted the greater use of local-
ized and nephron-sparing techniques including partial
nephrectomy and image-guided ablation. This article aims
to review the current role of image-guided biopsy and
ablation in the management of small renal tumors. The
natural history of renal cell carcinoma, the role of renal
biopsy, the principles and procedural considerations of
thermal energy ablation, and the oncological outcomes of
these minimally invasive treatments are discussed and
illustrated with cases from the authors’ institution. Image-
guided ablation, in particular, has changed the treatment
paradigm and, by virtue of its increasingly evident efficacy
and low morbidity, now favors the treatment of smaller
tumors in patients previously unfit for surgery.
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Introduction

Renal cell carcinoma (RCCa) is a common malignancy still

associated with significant mortality. Over 200,000 new
cases of kidney cancer are diagnosed in the world each year
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[1]. Of these, 63,300 new cases occur annually in the
European Union (EU25), accounting for nearly 3% of all
cancer cases in this region [2]. In the United Kingdom 7840
people were diagnosed with kidney cancer in 2006 and
there were 3752 deaths in 2007 [3].

The incidence of RCCa has been increasing over several
decades—with a 126% increase between 1950 and 2001
[4]. In parallel with this, there has been an increase in
5-year survival, from 51% in 1975-1977 to 67% in 1996—
2004 [5]. This superficially suggests that the increase in
disease is simply attributable to the increased incidental
radiologic detection of smaller-volume tumors, which are
of increasingly less clinical significance. However, many
authors have noted an additional true background increase
in RCCa incidence, contributed to by increasing rates of
obesity [6] and a decreased mortality from cardiovascular
disease.

The question still stands as to whether this is simply an
increase in the numbers of small, clinically insignificant
renal tumors. In fact, the Cancer Research U.K. data have
shown an increase in mortality from renal cancer in the
oldest birth cohort: for men and women aged 85 and older,
death rates from RCCa more than doubled between 1971
and 2006, from 23.8 to 75.5 per 100,000 for men and from
12.8 to 30.5 per 100,000 for women [7]. This again testifies
to the increasing relevance of RCCa in overall population
cancer mortality. RCCa is now ranked as the fifth most
common cause of cancer death, if the gender-specific
cancers are set aside.

Modern cross-sectional imaging, often for other symp-
tomatology, has increased the incidence of small renal
tumors. The earlier detection and optimized surgery for
these smaller renal tumors have both contributed signifi-
cantly to improved outcomes for this disease, and this has
been acknowledged by recent modifications to the TNM
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classifications. In 1997 sub-7-cm disease was deemed T1,
and a subset of tumors <4 cm in diameter, Tla [8]. In
particular, this Tla subgroup appears amenable to more
localized or nephron-sparing techniques such as partial
nephrectomy rather than radical nephrectomy. A nephron-
sparing approach has importantly been shown to have an
equivalent oncological outcome to radical nephrectomy,
while minimizing the morbidity of more aggressive surgery
that compromises renal function, in an often-elderly age
group. In fact, renal function alone is increasingly
acknowledged as an important overall prognostic indicator
of cardiovascular morbidity and longevity in this age group
[9]. Any means to decrease iatrogenic renal injury therefore
seems likely to improve patient outcomes following man-
agement of small renal tumors. Radical nephrectomy has
been shown to accelerate mild chronic renal failure in the
remnant contralateral kidney through hyperfiltration injury
[10], further compounding the issue, which again argues
for a more conservative approach.

It needs to be acknowledged that in detecting increasing
numbers of sub-4-cm tumors, careful radiological assess-
ment is required to exclude entities such as complex,
hyperdense cysts and fat-poor angiomyolipomas. As
tumors become smaller at detection an increasing propor-
tion will be benign at biopsy or extirpative surgery. Most
authors have found that the proportion of benign tumors
increases with diminishing size. It has been suggested that
up to 25% of surgically resected sub-3-cm renal tumors are
benign [11].

Smaller renal tumors (<3 cm) tend to exhibit a relatively
indolent growth pattern, with growth rates of 1-3 mm/year
on average and very low rates of nodal positivity (at radical
nephrectomy) and metastases [12—14]. However, much of
the available natural history literature regarding small renal
masses tends to average the growth rate of the observed
tumors and a number of authors have noted that a significant
cohort of renal tumors (~20%) appears to grow more
rapidly [12, 14]. At present we have no reliable means of
identifying this subset, with practical cytogenetic markers
still being in development. The increasingly common
clinical problem of incidental small renal tumors has again
raised the case for watchful waiting or surveillance in some
older patients, particularly those with other significant
comorbidities. This is undoubtedly appropriate in some
elderly or frail patients, as is an increased use of biopsy in a
group of indeterminate patients.

The treatment options for small renal tumors have,
however, changed dramatically in recent years, with the
advent of robust laparoscopic and percutaneous image-
guided ablation techniques. These procedures have chan-
ged the treatment paradigm and, by virtue of their
increasingly evident efficacy and low morbidity, now favor
the treatment of smaller renal tumors in older patients not

previously amenable to open partial nephrectomy. There is
now a clear case for image-guided ablation and/or laparo-
scopic partial nephrectomy as a primary treatment choice
for smaller-volume renal disease across the entire patient
spectrum. The current state of image-guided ablation and
management of small renal tumors is discussed.

Place of Image-Guided Biopsy

The majority of focal renal parenchymal lesions are clearly
identifiable as simple, benign cysts and can usually be
confidently characterized on imaging criteria alone [15].
Nevertheless, the increased rate of cross-sectional imaging
in recent years has undoubtedly contributed to the inci-
dence of problem cortical lesions requiring characterization
and management [16]. Diligent radiologic technique is
required if these lesions are to be appropriately character-
ized so as to exclude complex/hyperdense cortical cysts
and fat-poor angiomyolipomas and reserve treatment for
renal carcinomas. Accurate characterization at CT requires
noncontrast imaging and careful region-of-interest com-
parison with appropriate thin collimation postcontrast
imaging at CT and MR. Similarly, careful pixel density
analysis at CT or fat suppression techniques at MR should
help to highlight a number of angiomyolipomas. Despite
this attention to technique, however, a number of sub-4-cm
renal tumors prove to be benign at extirpative surgery. A
study of 2770 adult patients undergoing radical or nephron-
sparing surgery for solid renal tumors found a consistent
increase in benignity with reducing tumor size: 25% of
sub-3-cm tumors, 30% of sub-2-cm tumors, and 44% of
sub-1-cm tumors were found to be benign [11].

The case for renal tumor biopsy in the presence of a
concurrent malignancy has already been well made. Tissue
diagnosis is essential in this situation to distinguish a
RCCa, which can be effectively treated by resection or
ablation, from a metastasis which is likely to be treated
medically [17]. In the setting of small renal tumors, if a
significant interventional procedure is to be invoked, and,
in particular, with ablation, a nonextirpative technique, the
case for pre- or periprocedural biopsy becomes self-
evident.

Renal biopsy has been known for some years to yield
variable results. A recent review paper reported an overall
sensitivity for biopsy of malignancy of 80%-92% [17].
False-negative results often occur due to inaccurate
placement of the needle tip in a small mass and/or sam-
pling of, usually central, necrotic areas. As such, a negative
biopsy result in the context of a radiologically suspicious
mass should be viewed with caution. Specificity of biopsy
for malignancy ranges from 83%-100% [17]. False posi-
tives are relatively unusual: most reported cases occurred
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prior to 1990, and the current specificity is likely to be
higher with the up-to-date histological techniques.

To increase yields the operator should seek to biopsy the
more peripheral aspect of the tumor, avoiding the often
central necrotic area, and achieve at least two adequate
cores. Unfortunately renal tumor biopsy often incurs
moderate but self-limiting, peritumoral hematoma, which
can obscure the target for a second pass. This becomes
particularly problematic if biopsy is performed immedi-
ately prior to ablation with the potential to obscure the
target tumor prior to placement of ablation probes. If
“periablational” tumor biopsy is to be performed, it is the
authors’ practice to place the ablation probe(s) first and
then biopsy alongside (or, on occasion, through a coaxial
sheath) the ablation device. This risks slightly diminishing
the positive biopsy yield but ensures that no obscuring
hematoma subsequently compromises the planned ablation
(Fig. 1).

The result of renal biopsy has been proven to have a
significant impact on clinical management decisions in the
majority of patients [18]. The timing of biopsy must,
however, be measured against the morbidity of the planned
procedure. If an onerous partial nephrectomy is planned, it
will be more critical to ensure that the lesion is clearly
malignant than prior to a straightforward ablation proce-
dure. It remains mandatory, however, always to pursue
biopsy proof of malignancy, particularly if a nonextirpative
technique such as image-guided ablation is to be employed.

Thermal Energy Ablation Overview

Thermal ablative techniques have evolved rapidly in the
last two to three decades. While cryoablation (CRA) has
the longest published track record [19], heat-based tech-
niques and their applications, e.g., radiofrequency ablation
(RFA), microwave ablation (MWA), and electroporation,
have developed rapidly in recent years. Ideally ablative
techniques should yield a reproducible, contiguous, and
rounded ablation zone, little modified by adjacent tissue
perfusion or flowing vessels (“heat-sump” effect) [20].
Many devices were primarily used in the liver, reflecting
the morbidity of liver resection, but during the 1990s it
became apparent that smaller, rounded renal tumors within
the retroperitoneum—and therefore relatively isolated from
critical, temperature-sensitive structures—were ideally
suited to a thermal ablative approach. The predominant
techniques employed in renal tumor ablation have been
RFA and CRA.

The aim of RFA is to induce coagulative tumor necrosis
by achieving a constant temperature of between 60 and
105°C throughout the target volume during treatment.
Temperatures above 105°C result in tissue charring and gas
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Fig. 1 The case for ablation probe placement prior to biopsy. An
initial intraprocedural biopsy of a pedunculated 20-mm right lower
pole renal tumor was undertaken. This caused considerable localized
hematoma (A; arrow), making subsequent accurate placement of the
RFA probe more difficult in this scoliotic patient and obscuring the
duodenum. The patient presented 3 days later with a perforated
duodenum which was subsequently repaired surgically (B)

formation, which can impair heat propagation and thus
limit the ablation zone. RFA is achieved by applying a
high-frequency (400- to 500-kHz) alternating current to the
target lesion. The electrical circuit is formed by the tip of
the RFA probe, the patient, and large grounding pads. Ionic
agitation immediately adjacent to the probe tip conse-
quently produces frictional heating, which is conducted to
the adjacent target tissues. The effectiveness of these
probes has been enhanced by clustering needle-like appli-
cators into simple or expandable devices.

CRA has evolved considerably in recent years due to the
development of finer 17-gauge argon cryoprobes that
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enable more subtle and accurate thermal ablation along
with reduced risk of hemorrhage. CRA induces cellular
destruction through rapid (central iceball) and slower
(more peripheral iceball) ice formation. In the center of the
‘cryolesion,” rapid intra- and extracellular ice formation
causes direct cell injury. More peripherally there is extra-
cellular ice formation and, as a result, osmotic denaturation
of the cells. These effects are compounded by microvas-
cular injury and ensured by a double freeze-thaw cycle
[21]. The real merit of CRA, however, lies in the demon-
strably contiguous nature of the iceball and its easy
depiction by CT or MR. The operator must, however,
‘overtreat’ the lesion, in common with all thermal ablative
techniques, to ensure that at least the —20°C isotherm
effectively incorporates the target tumor. Critically, renal
tumor cells appear to be contiguously and reliably
destroyed if they fall within the approximate —30°C iso-
therm and are subjected to a double freeze-thaw cycle.

Procedural Considerations in Percutaneous Ablation

The practical implementation of percutaneous ablation
varies greatly between institutions: in particular, in the use
of conscious sedation versus formal general anesthesia and
different imaging modalities. Below we describe a typical
percutaneous ablation treatment at our institution:

e A joint anesthetic and radiological preassessment is
carried out 1 week prior to the planned procedure date.
Blood samples are obtained for a coagulation screen,
platelet count, and estimated glomerular filtration rate
(eGFR), in addition to any supplemental investigations
required prior to general anesthesia. Advice is given to
stop any anticoagulant and antiplatelet drugs (typically)
1 week prior to the ablative treatment. Ablations are
not performed on patients with an international nor-
malized ratio (INR) >1.4 or a platelet count of <90 x
10°/L.

e A disposable enema is administered on the morning of
the treatment. It has been the authors’ experience that
this reduces the problem of a gas-distended colon
becoming interposed between the flank and the pos-
terolateral aspect of the kidney.

e A single prophylactic dose of intravenous antibiotics
(750 mg cefuroxime and 500 mg metronidazole) is
administered 1 h prior to the procedure.

e It is our practice to routinely perform percutane-
ous ablative treatment under general anesthesia. This
offers several advantages including optimal on-table
positioning irrespective of patient comfort and repro-
ducible respiratory suspension for probe and biopsy
needle placement. In addition, it is likely that ablations

performed under general anesthesia are more aggres-
sive than those performed under conscious sedation,
and better outcomes likely result from this. Prone
general anesthesia is, however, a particular anesthetic
skill and due consideration needs to be given to risk of
brachial plexus injuries, etc.

Following induction of general anesthesia, the patient is
transferred to the CT table and into a prone-oblique
position. This position is accentuated and supported by
the use of ‘pillow bolsters’ under the abdomen. The
prone-oblique position allows for better ‘presentation’
of the kidney to the operator and wider spacing of the
posterior ribs.

A diagnostic renal CT is performed prior to probe
placement. This includes noncontrast, arterial and
venous phase sequences and provides critical pretreat-
ment assessment of tumor enhancement, which will
ultimately be the arbiter of treatment success. Clearly,
due consideration of renal function and the risk of
contrast-induced nephropathy (CIN) must be taken into
account, and on occasion, ultrasound-guided proce-
dures are performed with corroborating CT assessment
in problem cases. A full diagnostic study is essential at
this stage to assess any interval growth and the
evolution of new tumors.

Probe placement is therefore usually carried out largely
under CT guidance for CRA and under combined CT
and ultrasound guidance for RFA.

In RFA a solitary probe is placed centrally in the small
renal lesion. In our practice, RFA is usually reserved
for tumors of <30 mm.

CRA allows for the placement of multiple cryoprobes
into larger tumors and is usually utilized for tumors of
>30 mm at our institution. Cryoprobes are designed to
produce either a spherical or a cylindrical ablation
zone. A combination of different probes can therefore
be sited adjacently to form a composite iceball, which
will incorporate any larger, more complex lesions.
Further control of the shaped iceball can be obtained by
connecting individual probes in different treatment
clusters on the control panel of the cryosurgical trolley.
This allows for the temperature of cryoprobe clusters to
be controlled independently so that different areas of
the expanding iceball can simultaneously remain static
or continue to expand.

When placing multiple cryoprobes in a lesion it is
clearly vital to ensure that the probes are suitably
positioned to achieve the intended ablation zone. As
with all thermal ablative techniques, treatment of the
tumor margins is critical. Cryoprobes are placed in a
‘clock-face’ configuration approximately 10 mm from
the tumor’s margin, approximately three probes to an
average 35-mm renal mass. It is our routine practice to

@ Springer



D. J. Breen, N. J. Railton: Minimally Invasive Treatment of Small Renal Tumors

confirm probe placement with a limited coronal refor-
mat prior to commencing ablation (Fig. 2).

A minimum of 15-mm separation between the tumor
capsule and injury-prone adjacent structures is usually
recommended. Generous retroperitoneal fat may pro-
vide this ablative margin but supplemental ‘hydrodis-
section’ is often necessary. The colon is particularly
susceptible to thermal injury and often needs to be
displaced (Fig. 3), but small bowel, pancreas, liver,
spleen, renal pelvis, and ureter may also encroach upon
the intended ablation zone. Aliquots of 50-100 ml of
contrast-tinted (1% contrast) 5% dextrose are instilled

into the adjacent retroperitoneal space using an 18-
gauge cannula needle. Up to 500 ml may be required to
provide a safe margin. Some operators use carbon
dioxide for the purposes of achieving this safety
margin.

Finally, as previously described, a periablational biopsy
is usually obtained prior to commencing treatment.
Specific treatment protocols vary according to equip-
ment manufacturers. In the case of cryoablation, two
freeze-thaw cycles are routinely completed.
Cryoablation allows for accurate monitoring of the
ablation zone as demonstrated by the conspicuous

Fig. 2 A 55-mm renal clear
cell carcinoma in a 72-year-old
male (A; arrow). Treated by
CRA (B); note that the multiple
cryoprobes are out of the plane
of the image. The cryoprobes
are placed at intervals around
the tumor and their relative
positions are best confirmed by
coronal MPR reconstruction
(C). Follow-up CT at 1 month
confirms complete ablation (D)
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b=

Fig. 3 A 46-mm exophytic left lower polar RCCa treated by CRA.
Initial imaging (A) demonstrates close opposition of the adjacent
descending colon (white arrow) to the target lesion (black arrow).
Subsequent hydrodissection with contrast-tinted 5% dextrose (B;
arrow) displaces the colon and allows for generous ablation margins
without risking colonic injury

iceball. The interface between iceball and renal paren-
chyma is particularly well demonstrated, although it
should be noted that the interface between iceball and
retroperitoneal fat may be less distinct (Fig. 4).

e When treatment is completed the percutaneous probes
are removed and sterile dressings applied. Following
cryoablation it is important to allow the iceball to melt
before attempting to remove the probes: failure to do so
can result in significant renal injury and hemorrhage.

e Patients are typically discharged after 24 h and imaging
follow-up is carried out as described below.

Efficacy of Radiofrequency Ablation in Renal Tumors

Zagoria et al. recently published their experience with
CT-guided percutaneous RFA of 125 biopsy-proven RCCs
[22]. Overall 93% of renal tumors, ranging in size from 0.6
to 8.8 cm, with a mean of 2.7 cm, were successfully trea-
ted. Importantly, straightforward ablation was achieved in
all tumors smaller than 3.7 cm. Smaller tumor size, but not

Fig. 4 A 46-mm left lower polar tumor in a 64-year-old female
treated by CRA (A). The iceball is clearly delineated against the
adjacent renal parenchyma and paraspinal musculature (B; arrows).
Note that the interface between the iceball and the retroperitoneal fat
is less distinct

tumor location (in terms of polarity or anterior-posterior
location), was predictive of primary treatment success.

A study of the outcomes of RFA in 100 tumors under-
taken by Gervais et al. found that 90% of tumors were
successfully treated [23]. Importantly, all tumors of <4 cm
and all exophytic tumors (67/100) were completely ablated.
Multivariate analysis showed that both small tumor size
and noncentral location were independent predictors of
success.

A previous study at our institution demonstrated a
similar overall success rate of 90.5% in image-guided RFA
of 105 tumors [24]. The mean size of tumors completely
ablated at a single sitting was 2.8 cm (range, 1.4-4.6 cm)
and the mean size of those in whom initial treatment was
subtotal was 4.1 cm (range, 1.8-6.8 cm). Logistic regres-
sion analysis demonstrated that tumors <37 mm in diam-
eter were almost invariably treated straightforwardly in a
single treatment session.

Typically studies investigating percutaneous RFA in
small lesions, ranging in mean tumor size from 2.2 to
3.2 cm, have demonstrated an overall success rate of
between 84% and 99% [22-26].
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Efficacy of Cryoablation in Renal Tumors

Atwell et al. have reported their experience with treating
115 renal tumors in 110 patients by percutaneous cryo-
therapy [27]. Technical success was achieved in 112
tumors, a success rate of 97%. Of three treatment failures,
two occurred in tumors of 4.0 and 4.3 cm. The success
rate in larger tumors (>4 cm) was therefore lower, at
93%.

A smaller concurrent study, treating 51 renal tumors in
46 consecutive patients by percutaneous cryotherapy,
reported similar outcomes [28]. Of the 40 renal cell car-
cinomas treated, an overall complete response rate of
97.5% was achieved. In a subgroup of patients reaching
1-year follow up, a 100% complete response was reported.
Their experience was also primarily in smaller-volume
disease, with a median lesion size of 3 & 1.9 cm.

Hot or Cold?

A meta-analysis of reported CRA or RFA of small renal
masses was undertaken by Kunkle and Uzzo up to October
2007 [29]. Forty-seven studies and the ablation of 1375
renal masses were included in this analysis. The meta-
analysis found that repeat ablation was performed more
often after RFA (8.5% vs. 1.5%) and the rates of local
tumor progression (which includes initial subtotal treat-
ment and late local recurrence) were significantly higher
for RFA compared with CRA, 12.9% vs. 5.2%, respec-
tively. It remains important, however, to note that these
data pool nonrandomized, case-series literature, with a
tendency toward patients who are less fit and more with
solitary kidneys and otherwise problematic lesions being
referred to percutaneous RFA. The additional confounding
factors of laparoscopic versus percutaneous procedures and
general anesthesia versus conscious sedation compound the
problems of taking away any clear message about the rel-
ative efficacy of RFA versus CRA.

CRA does, however, benefit from the radiographic and
laparoscopic conspicuity of the intraprocedural ‘iceball.’
The 0°C ‘ice front’ acts as a proxy maker for the more
critical —20 to —40°C isotherms within its margins. This
isotherm region more reliably determines the zone at which
a reliable 100% cell kill will be achieved by repeated
freeze-thaw cycles. This form of intraprocedural monitor-
ing likely enhances the operator’s control of the procedure
and, notably, lends CRA to intraprocedural monitoring by
CT or MR (Fig. 4).

CRA is, however, usually more time-consuming and
expensive in requiring the placement of multiple probes to
obtain an adequate therapeutic iceball. ‘Single-stick” RFA
is, in the authors’ experience, effective and straightforward
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for the treatment of sub-3-cm disease with excellent out-
comes [22, 24].

Percutaneous or Laparoscopic Ablation?

The role of thermal energy ablation has been extensively
evaluated as both a laparoscopic and a percutaneous tech-
nique. Hui et al. undertook a robust comparative meta-
analysis evaluating percutaneous and surgical approaches
to renal tumor ablation [30]. Forty-six studies between
1996 and 2006 were compared. They demonstrated that
while the efficacy of primary ablation was slightly lower
for a percutaneous than a laparoscopic technique—87%
versus 94%—the efficacy of secondary ablation was
equivalent, at 92%. Importantly, they also found that the
major complication rate was significantly lower following
percutaneous ablation: 3% versus 7%. This finding has
been borne out by a more recent study that found that
percutaneous cryoablation is superior to laparoscopic
cryoablation in terms of reduced operative time, reduced
requirement for transfusion, reduced opioid analgesic
requirement, and shorter hospital stay [31]. This superior
safety profile may compensate for the slightly increased
requirement for retreatment.

It is also important to stress that several large studies
have shown that retreatment by percutaneous ablation is
usually successful [24-26, 32, 33]. Matin et al. conducted a
multicenter review of patients undergoing ablative therapy
for a renal mass [32]. Their review included both laparo-
scopic and percutaneous techniques, although the majority
of RFAs (83%) were performed percutaneously. They
found that although residual or recurrent disease was
identified in 13.4% of patients following initial RFA, with
salvage energy ablative therapy—both RFA and cryoab-
lation—therapy failed in only 4.2%. They also found that
survival in patients with recurrent or residual disease did
not differ on the basis of either approach (laparoscopic vs.
percutaneous) or initial ablative modality (RFA vs.
cryoablation).

What Tumor Size for Ablation?

Zagoria et al. found that, following a single RFA session,
tumor-free survival was achieved in only 47% of tumors
larger than 3.7 cm, compared to 100% of tumors smaller
than 3.6 cm [22]. Furthermore, they found that a 1-cm
increase in tumor size increased the likelihood of recurrent
disease following ablation by 2.19 times. A similar size
threshold has been identified by other studies including our
own data [24]. In attempting to treat larger tumors by RFA,
other authors have explored a combined approach, utilizing
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RFA in combination with other minimal access therapies
such as renal artery embolization and direct ethanol
injection.

Yamakado et al. have published their experience of
treating 12 large renal cell carcinomas in 11 patients using
combined renal artery embolization and subsequent RFA
[34]. Mean tumor size was 5.2 £ 1.7 cm (range, 3.5—
9.0 cm). They performed selective tumor vessel emboli-
zation in nine patients and complete renal artery emboli-
zation in two patients. All tumors appeared to be
completely ablated as judged by nonenhancement at sub-
sequent CT and MR. It should be noted, however, that
although 9 of 12 tumors required only one session of RFA,
2 of 12 required two sessions and 1 of 12 required four
sessions to achieve a complete response.

Another novel approach to enhanced tumor treatment
with RFA is the use of ethanol injection. The effectiveness
of combined RFA and ethanol injection has previously
been demonstrated in the liver, although the mechanism of
this synergistic effect remains unclear. Possible explana-
tions include either a reduction in perfusion related tissue
cooling due to ethanol-induced small vessel thrombosis or
improved thermal conduction through previously coagu-
lated tissue due to ethanol. In a recent study 28 renal
tumors were pretreated by injection with absolute ethanol
into the tumor immediately prior to RFA [35]. This
approach has the potential advantage of allowing treatment
to be completed at one session, whereas renal artery
embolization is usually carried out in a separate procedure
1-2 days prior to RFA. Predominantly smaller tumors were
treated, with a mean size of 2.9 cm (range, 0.8—6 cm) and
complete ablation was achieved in all tumors with either
one or two sessions of RFA.

Hakime et al. have found, in mice, that RFA may be
enhanced with the priming use of the antiangiogenic drug
sorafenib [36]. The resultant reduction in tumor perfusion
appears to enhance the volume of the ablation zone, with a
clear potential for increased treatment efficacy.

Initial experience in the use of combining RFA with
other minimal-access therapies is encouraging. It may be,
however, that improved thermal ablative efficacy with
energies such as CRA and MWA, along with enhanced
image guidance and pretreatment tumor priming, are the
main ways forward in enhancing treatment effectiveness.

Imaging Follow-up in Ablation

Various imaging protocols have been used to follow-up
ablated renal tumors. Persistent contrast enhancement
remains the only validated surrogate marker of residual
viable tumor, and therefore pre- and postcontrast tech-
niques are widely used.

Multiplanar CECT remains the most available and
widely used technique, although subtraction MR imaging is
also a useful technique, particularly in the context of renal
impairment (eGFR <30) while bearing in mind the small
risk of nephrogenic systemic fibrosis with gadolinium.
Ultrasound appearances can be difficult to interpret in the
global sense, although, again, there may be a role for
contrast-enhanced ultrasound, particularly in patients with
severely impaired renal function, which prohibits the use of
CT and MR contrast agents.

It is our practice to perform an initial CT examination at
approximately 2 weeks postablation to assess treatment
adequacy. Subsequent CT assessment is then made at
6-monthly intervals up to 2 years. Unenhanced and arterial
phase images of the chest and upper abdomen to include
the tumor are supplemented with portal venous phase
images of the abdomen and pelvis. Successful complete
tumor ablation produces a characteristic sequence of CT
appearances.

Perilesional hematoma can often occur as a result of
probe placement or periablational biopsy. In addition, RFA
or CRA often results in hemorrhagic necrosis and the
degraded blood products cause patchy areas of increased
attenuation within the ablation zone. Unenhanced images
are therefore mandatory to distinguish the resultant areas of
high-attenuation degraded blood products from residual
tumor enhancement [37].

The true extent of the ablation zone often becomes
better defined a few days after treatment, so ideally con-
trast-enhanced studies to assess treatment adequacy should
be deferred for at least 2-3 days. Portal venous phase and
delayed phase imaging may demonstrate a thin rim of
contrast enhancement. This ‘penumbral’ zone between
necrotic and viable tissue appears to represent injured tis-
sue unable to eliminate contrast medium (Fig. 5). This
needs to be distinguished from asymmetrical crescents of
characteristic tumoral enhancement likely to represent
residual viable disease (Fig. 6). During this early follow-up
period, the ablated lesion may also appear larger than the
original tumor at immediate follow-up [38].

At subsequent CT examinations a successfully ablated
lesion will appear as an increasingly low-attenuation mass,
without focal enhancement, typically decreasing in size
over subsequent months (Figs. 7 and 8). Many operators
have noted that cryoablated tumors appear to involute more
rapidly than those treated by RFA, possibly as a result of
disruptive rather than coagulative necrosis [39]. A pos-
tablation ‘halo’ is a common appearance around the treated
tumor in the perirenal fat (Fig. 9). This is often seen with
well-treated tumors.

Subtotal treatments are usually manifest as asymmetri-
cal marginal crescents of residual enhancement. In the case
of cryoablation a regular thin hemorrhagic rind, usually of
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Fig. 5 A 29-mm right lower polar tumor, in a 36-year-old female
with severely deforming spina bifida, successfully treated by CRA.
Portal venous phase CT at 2 weeks postablation shows a thin
hemorrhagic rind (white arrow) in addition to a less well-defined
penumbral zone (black arrow). The common appearance of a
penumbral zone is felt to represent injured tissue unable to eliminate
contrast and is evident on late arterial phase and delayed imaging
performed up to 2 weeks after ablation

no clinical consequence, has been seen to persist for a few
weeks after treatment, around the ablation zone. On occa-
sion, enhancing vessels have been seen by some authors
deep within an ablation zone up to 2 weeks following
ablation. These then usually involute and do not appear to
signal tumor viability. Such appearances must therefore
be carefully judged before being attributed to subtotal

Fig. 6 A 52-mm RCCa (A;
black arrow) with an incidental
adjacent simple cyst (A; white
arrow) in a 74-year-old male.
Following RFA a thin crescent
of residual disease is evident at
late arterial phase imaging (B;
arrow). This residual tumor was
successfully treated at repeat
RFA, with no evidence of
disease at CT 2 weeks after this
completion ablation (C)

@ Springer

treatment but, if necessary, should be assessed by an
interim CT study at 3 months.

It is critical that a clear distinction is drawn between
subtotal treatments determined at the first postprocedural
imaging and those tumors deemed fully treated but later
showing an unexpected late local recurrence. Imaging
follow-up and thereby oncological outcomes need to be
judged against meticulous imaging technique and execu-
tion. Most authors advocate CT or MR follow-up at
6-monthly intervals to approximately 2 years and then
annually to 5 years, during the initial years of an image-
guided ablation program. If there is any equivocation
regarding the completeness of treatment at the first post-
procedural study, most radiologists will advise a further
study at 3 months posttreatment.

Long-Term Oncological Outcomes

Short and intermediate outcome data following percuta-
neous thermal energy ablation have been extensively
published and consistently demonstrate outcomes equiva-
lent to surgery. Substantive, long-term, 5-year outcome
data remain relatively sparse and are still awaited. Given
the relative indolence of many smaller RCCa, large num-
bers of tumors will need to be followed to adequately
power any findings and therefore discern any relative
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Fig. 7 A 21-mm left interpolar
tumor (A) in a 54-year-old
female successfully treated with
RFA. Follow-up CT shows
typical progressive involution at
2 weeks (B), 6 months (C),

2 years (D), and 3 years (E)
postablation

limitations in either ablative or resectional techniques. It
remains important, however, that the technique utilized
must be effective and commensurate with the disease
process, not incurring undue renal injury or morbidity in
this often elderly group of patients.

McDougal et al. followed a group of patients treated
with RFA for a minimum of 4 years [40]. Sixteen patients
with biopsy-proven RCC, ranging in size from 1.1 to
7.1 cm, were followed up. Five patients died of unrelated
causes. Ten of the remaining eleven were free of recurrent
and metastatic disease at 4 years. One patient showed
progressive tumoral enlargement after initial treatment.

One of the largest series of long-term outcome data on
percutaneous RFA was published by Levinson et al. [33].
They reported their findings in 31 patients undergoing 34

RFA treatments for tumors ranging from 1.0 to 4.0 cm.
Mean follow-up in survivors was 61.6 months. Three
recurrences were reported, at 7, 13, and 31 months. Overall
recurrence-free survival rate was 90.3%, with a 100%
metastasis-free and disease-specific survival rate. They
cautiously concluded that RFA provides reasonable long-
term oncological control.

CRA outcome data following MR-guided percutaneous
cryotherapy have been published by Silverman et al. [41].
Twenty-six renal tumors ranging from 1.0 to 4.6 cm were
treated with CRA in 23 patients. Follow-up with contrast-
enhanced MR or CT imaging at a mean interval of
14 months (range, 4 to 30 months) showed successful
ablation in 92% of tumors. Eighty-eight percent of tumors
required only one treatment session.

@ Springer
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Fig. 8 Typical appearances
following CRA of a 44-mm
RCCa (A). Follow-up CT shows
progressive involution over a
16-month period (B-D)

Fig. 9 Postablation halo (arrow) seen 16 months following RFA of a
right upper polar RCCa

Long-term clinical follow up has been described in
patients undergoing laparoscopic and open CRA, although
the radiological follow up is often less thorough than in
equivalent percutaneous CRA studies. Davol et al., for
example, followed up a group of 48 patients for a median
period of 64 months (range, 36—110 months) [42]. They
described a cancer-free survival of 87.5% after a single

@ Springer

CRA procedure, increasing to 97.5% with a repeat CRA.
Mean radiological follow-up, however, was only 36 months
(range, 0—-84 months).

It is anticipated that over the coming months and years,
long-term data will be presented which will confirm these
earlier results and further secure the curative role of RFA
and CFA in small-volume renal tumors.

Conclusion

The efficacy of ablative techniques for small- to moderate-
volume renal tumors appears assured by current intermedi-
ate-term outcomes in the literature. Enhanced periprocedural
image guidance will be key to securing curative outcomes
from thermal ablative techniques. In the case of renal tumors,
CRA looks set to play an important role, certainly for the
treatment of tumors >30 mm in diameter. Careful postpro-
cedural imaging follow-up and, if necessary, retreatment will
no doubt contribute significantly to the anticipated long-term
efficacy of ablative techniques.
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