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Introduction

Partial nephrectomy is historically the reference standard
treatment for patients with small renal lesions �4 cm in

axial diameter (stage cT1a).1 Local lymphadenectomy may
also be required.
Percutaneous image-guided ablation of renal tumours with

thermal (radiofrequency or microwave) ablation, cryoablation
and irreversible electroporation have become increasingly
important nephron-sparing treatments, particularly in older
patients who may have relative contraindications for surgery.
Ablation is advantageous to traditional surgical techniques for
small renal tumours, because there is reduced morbidity, better
preservation of renal parenchyma and overall renal function.2 It
can be considered a curative option in those who are not surgi-
cal candidates. In addition, a shorter average length of hospital
stay has been found with the percutaneous cryoablation tech-
nique3,4 compared to laparoscopic cryoablation.
This review article describes the indications for percutaneous

ablation of small renal cell cancers (RCCs), pre-ablation workup,
choice of ablation technologies and imaging follow-up.
Indications for Ablation
Evidence behind the use of thermal ablation (TA) for treatment
of localised renal masses has recently progressed with follow-up
of 3-5 years in some studies, hence allowing a more valid
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comparison of TA with surgical resection. TA results are encour-
aging for smaller renal masses (<3 cm) making it a reasonable
alternative to surgical excision. The recent Agency for Health-
care Research and Quality meta-analysis5 demonstrated compa-
rable metastasis-free survival for partial nephrectomy (PN) and
TA, and analysis of population-based and institutional studies
demonstrated median 5-year cancer-specific survival rates of
100% (range 97%-100%) and 94% (range 92%-97%) for PN
and TA, respectively. However, local recurrence-free survival is
generally reported as favouring surgical resection with a risk
ratio for local recurrence of 0.37 (95% CI: 0.15-0.89) in favour
of PN. Median local recurrence-free survival across the
studies included in the meta-analysis was 99.4% for PN
and 89.3% for TA.5 However, since the morbidity of
repeat (particularly percutaneous) ablation is generally
low, local recurrences may often be salvaged with repeat
TA. When considering such salvage attempts in addition
to the initial ablation, the Agency for Healthcare Research
and Quality meta-analysis reported no statistical differ-
ence in the risk ratio for local recurrence comparing PN
and TA (RR 1.21; 95% CI: 0.58-2.5).5

Currently, however, the European Association of Urology
only support the use of radiofrequency or cryoablation for
small renal masses in the elderly or co-morbid patients, as an
alternative to active surveillance (defined as the initial moni-
toring of tumour size by serial abdominal imaging with US,
CT or MRI, with delayed intervention reserved for tumours
showing clinical progression during follow-up).6

The American Urological Association go further and state
physicians should consider TA for the management of T1a solid
renal masses <3 cm in size, and not only in frail patients. The
AUA state a percutaneous ablation is preferred over laparo-
scopic ablation whenever feasible to minimise morbidity.7

Relative contraindications to percutaneous ablation
include: life expectancy <1 year, multiple metastases, and
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low possibility of successful treatment due to size or location
of tumour (generally tumours >3 cm, and proximity to the
renal hilum, central collecting system or ureter).
Absolute contraindications include irreversible coagulopa-

thies and severe medical instability such as sepsis.
Pre-Ablation Work Up
Many renal masses are asymptomatic until the late stages of dis-
ease. RCC suitable for ablation thus tend to be incidental find-
ings on cross-sectional imaging performed for other indications.
Physical examination should be directed at assessing fit-

ness for ablation which will require conscious sedation or a
general anaesthetic.
Imaging has high diagnostic accuracy for renal masses and

so biopsy is not always necessary in patients with an enhanc-
ing renal mass for whom surgery is planned. Biopsy is indi-
cated to select appropriate therapy in the setting of metastatic
disease8-13 and in radiologically indeterminate renal masses.
One study found 37% of solid masses referred for ablation
were benign14 and so ablating based on imaging appearance
alone may lead to overtreatment and an over estimation of
the clinical efficacy of ablation. Histologic diagnosis prior to
ablation allows benign masses to be identified (eg, oncocy-
toma and fat poor AML14,15) and also allows appropriate fol-
low-up based on tumour subtype and grade.16

Controversy exists regarding whether histologic analysis
should be completed prior to ablation, or if a biopsy should
be done at the time of the ablation procedure. The former
would prevent benign tumours from being over treated,
whereas the latter approach is acceptable if the probability of
malignant RCC is extremely high, for example, a suspicious
mass in a patient with hereditary renal cancer.17

Percutaneous biopsy can be performed under local anaesthe-
sia with US or CT guidance having similar diagnostic yields.11,18

18G core biopsy needles are ideal because they provide suffi-
cient tissue for histologic diagnosis and have low morbidity.8-
12,19 A meta-analysis of 57 articles including over 5000 patients
showed that spontaneously resolving subcapsular/perinephric
haematomas are reported in 4.3% of cases, but clinically signifi-
cant bleeding is unusual (0%-1.4%, 0.7% in the pooled analy-
sis) and generally self-limiting.20

Core biopsy has better accuracy for diagnosis of malignant
lesions compared with fine needle aspiration, with a sensitivity
and specificity of 99.1% and 99.7%.20 At least 2 good quality
cores should be obtained, and necrotic areas avoided.8,11,21,22 A
co-axial technique (facilitating multiple core biopsies through a
co-axial cannula) should be used to avoid the potential risk of
tumour seeding along the biopsy tract.8-12
AblationProcedural Considerations
Haemostasis
International normalised ratio (INR) should be less than 1.5,
partial thromboplastin time (PTT ) within normal limits and
a platelet count greater than 50,000/mL.
Renal Function
Baseline renal function should be established because a
small rim of peri-lesion disease-free parenchyma is
ablated in order to obtain negative ablation margins. The
extent of this margin and how aggressive the ablation can
be is partially dictated by the renal profile. In addition,
intravenous contrast may be used during the procedure
to precisely define tumour margins in order to aid the
accurate placement of the probe and hence knowledge of
the renal function to counter the risk of contrast induced
nephropathy is essential. Post-procedure follow-up also
requires contrast-enhanced CT or MRI.
Lesion Characteristics
The lesion characteristics on cross-sectional imaging should
be carefully evaluated in order to plan the procedure and
minimise complications, while maximising efficacy of the
ablation.

ABLATE is an example of a planning algorithm that takes
into account important tumour characteristics.23

A—Axial tumour diameter: maximal tumour diameter
is important for risk of future recurrence (4 cm diameter
ensures 90% chance of complete necrosis whereas 5.8 cm
lowers complete necrosis chance to 63%.24 The risk of
haemorrhage also increases with tumours greater than
3 cm.24,25

B—Bowel proximity: bowel within 1 cm of the mass is at
risk of injury.

L—Location within kidney: location of tumour relative to
the polar line is important, for example, masses near the
adrenal gland will require intra-procedural blood pressure
monitoring and pre-procedure alpha-receptor blocker
therapy.

A—Adjacency to ureter: ureters within 1.5 cm of the abla-
tion zone are at risk of injury and identification provides the
opportunity to use retrograde pyeloperfusion to cool the ure-
ter and reduced the risk of damage. A retrograde ureteric
catheter is inserted with the tip positioned in the renal pelvis,
along with a Foley urethral catheter in the bladder. The renal
pelvis is then perfused with cold dextrose (a non-ionic non-
conducting fluid) by running this through the ureteric cathe-
ter at approximately 80 cmH20 perfusion pressure.26 Alter-
natively, percutaneous hydrodissection may be used to
displace the ureter.

T—Touching renal sinus fat: a tumour touching renal
sinus fat corresponds with proximity to central vessels and
the collecting system and so the ablation may be less effica-
cious due to the heat sink effect, with the additional risk of
complications such as injury to the collecting system. Cryoa-
blation can be considered here because the growing ice-ball
can be visualised intra-procedurally, with a lower risk of
damaging the calyceal system.

E—Endo- or exophytic mass: endophytic masses have
an increased recurrence rate27,28 possibly due to the heat
sink effect experienced as a result of proximity to large
central vessels and potentially less aggressive ablations
being performed in masses closer to renal sinus fat, ureter
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or hilar vessels. Another reason for the relative increased
efficacy of ablating exophytic masses is that the surround-
ing fat insulates the ablation resulting in less heat or cold
loss.17 However, these masses are more likely to be in
proximity to extra-renal structures and so techniques
such as hydrodissection may be required.
Another anatomical consideration is the proximity of the

mass to nerves such as intercostal nerves, the genitofemoral
and ilioinguinal nerves from the lumbar plexus and the lat-
eral femoral cutaneous nerve. In most cases any injury to
these nerves is self-limiting.28
Choice of Ablation Technologies
The goal of ablation is to achieve a predictable and continu-
ous ablation volume with a negative (tumour free) margin of
at least 5-10 mm.29 Achieving this requires utilising the most
appropriate technology for the patient and their renal mass
on a case by case basis. Each technology has its own advan-
tages and none is clearly superior to any other. In current
clinical practice radiofrequency ablation (RFA), microwave
ablation (MWA) and cryoablation are the most commonly
used. Irreversible electroporation and high-intensity focussed
ultrasound are not widely used and hence are not discussed
in this article.
Radiofrequency Ablation
RFA (Fig. 1A-D) employs high-frequency (375-400 kHz)
alternating electric current to cause heating of tissue in a
relatively short time, typically 8-16 minutes. Current
passes between the ablation electrode tip and the ground-
ing pad placed remotely on the patient’s skin. Within a
few millimetres of the electrode tip there is generation of
a high current density, where tissue ions rapidly oscillate
causing frictional heating. Heat spreads radially away
from the electrode tip by thermal diffusion. At 55°C,
there is near instantaneous coagulation necrosis of tissue.
Tissue impedance inversely determines ability to achieve
this lethal temperature, for example, aerated lung tissue
has higher impedance than renal parenchyma and so RFA
is not as effective for lung tumour ablation. RFA heating
is a self-limiting process in which increased heating
results in increased tissue impedance (secondary to water
vapour production, tissue desiccation and tissue char-
ring). Subsequent device improvement has included inter-
nal electrode cooling to limit tissue charring at the
electrode tip. Regardless of the target tissue impedance,
thermal diffusion can lead to an inhomogeneous ablation
zone, especially in areas of increased perfusion due to the
heat sink effect.
For potentially larger lesions RFA may require multiple

overlapping ablation with a 10 mm margin in order to
achieve the desired results. It is best to place the first
electrode to ablate one margin, and then serially place
adjacent electrodes until the opposite margin is
ablated.28
Microwave Ablation
An oscillating microwave electromagnetic field causes water
molecule to realign creating kinetic energy and temperature
to rise. This mechanism is distinct to RFA in that heating is
not related to tissue impedance and allows continuous heat
generation in larger volumes. Therefore, MWA produces
faster, hotter and larger ablation volumes in multiple tissue
types, and relative to RFA does not suffer as much from heat
sink. It requires fewer electrodes to create a predictable abla-
tion volume.30,31
Cryoablation
Cell death occurs by rapid freezing to between �20°C
and �40°C followed by thawing (Fig. 2A-E). A heat sink
is produced near the applicator tip (via the Joule-Thom-
son theory) that cools the probe to temperatures of
�160°C. Adjacent tissue heat then transfers into the cryo-
probe by passive thermal diffusion, the limiting factor
being the cryoprobe surface area.32,33 An ice-ball is cre-
ated which can be visualised intra-procedurally with
ultrasound, CT or MRI. This feature facilitates manipulat-
ing the ablation zone size and shape in real time by using
multiple probes, which can be controlled individually.
For example, if a desired ablation margin is achieved on
one side of the tumour, or if a critical structure is reached
along one edge of the ice-ball, this probe can be stopped
whilst the others continue. When monitoring the ice-ball
one should be aware that the tissue temperature at the
ice-ball edge is non-lethal at approximately 0°C whereas
the true ablation zone is approximately 8-10 mm deep to
the ice-ball edge.34 For example, a 40-mm ice-ball is
required to ablate a 20-mm lesion. Two freeze-thaw
cycles are performed, the time of the freeze-thaw protocol
varies according to manufacturer but typically is 10-15
minutes of freezing and 8-10 minutes of thawing, thus
total ablation time is generally longer than MWA. An
advantage over both the thermal techniques is that the
visible ice-ball allows confident treatment of central
lesions in contact with renal sinus fat, and an additional
advantage over RFA is that cryoablation does not suffer
from heat sink.
Post-Ablation Imaging
There is no standard accepted follow-up imaging proto-
col. RCC with a diameter less than 30mm has a growth
rate of approximately 6 mm per year and so imaging fol-
low-up could be contrast-enhanced CT or MRI at 3
months, followed by every 6 months for 1 year and then
annually till 5 years post-ablation.28 On follow-up imag-
ing the ablation zone is correspondingly larger than the
tumour. It is seen as a hypoattenuating area on CT whilst
on MRI has variable appearances on both T1 and T2
sequences: it can demonstrate diffuse high T1 signal or in
a rim surrounding the ablation zone, which can persist



Figure 1 (A) Axial slice of a contrast-enhanced CT demonstrates a right-sided 30 mm partially exophytic inter-polar
mass (arrow) located 6 mm away from renal sinus fat, in keeping with RCC. A large simple left renal cyst is also dem-
onstrated. (B) The patient was placed prone and a posterior approach was employed. Two RFA electrodes were utilised
to ablate this mass, with overlapping ablation zones, each ablation lasting 12 minutes. Axial slice of an unenhanced CT
immediately post ablation following removal of electrodes shows high attenuation material within the ablated zone
(haematoma) with no immediate complication (iii). (C) Axial slices of a CT scan (left pre-contrast, right post-contrast)
performed at day 1 post RFA shows high attenuation material within the ablated zone which does not increase in HU
post-contrast, in keeping with haematoma. (D) Axial slices of a CT scan (left pre-contrast, right post-contrast) per-
formed at 33 months post RFA shows the well-defined ablation zone completely covering the original tumour with
increasing prominence of the peri-renal ablated fat resulting in stranding, and no evidence of local recurrence.
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Figure 2 (A) top left image Axial slice of a contrast-enhanced CT
demonstrates a right-sided 25 mm partially exophytic lower pole
mass in contact with adjacent bowel, in keeping with RCC. (A) top
right image The patient was positioned supine-oblique, right side
up. The adjacent bowel was hydrodissected away by infusing 2L of
5% dextrose with 10 mL of contrast (as is the authors’ preference),
via a 21G needle. (A) bottom left image Subsequent planning CT
with localisation grid in situ demonstrates satisfactory displacement
of adjacent bowel away from the renal mass. (A) bottom right image
Four cryoprobes were inserted, the resulting ice ball can be identi-
fied intra-procedurally. (B) Axial slice of a contrast-enhanced CT
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for approximately 9 months; there is often corresponding
low T2 hypointense band surrounding the ablation zone
in keeping with fibrosis that is usually detected after 1
month post-treatment.35 On subsequent follow-up scans,
the ablation zone should involute (by up to 50% at 12
months). The key imaging feature to detect tumour recur-
rence is a growth of the ablation zone after initial stability
and presence of enhancement, but this can be extremely
difficult in equivocal cases.36 Recurrent tumour is often
seen as an asymmetrical focal nodular or crescentic
enhancement (Fig. 2C) (on either CT or MRI) and on MR
can be seen as nodular high T2 signal that interrupts the
circumferential low T2 signal scar surrounding the abla-
tion zone. It is accepted that post-contrast enhancement
of greater than 10 HU on CT follow-up is suspicious for
local recurrence,37 whilst on MR persistent enhancement
can be seen in up to 9 months in 15% of patients despite
successful treatment.35,38 This can be made further problem-
atic by high T1 signal in the ablation zone pre-contrast
administration. Han-Jui describes the nature of benign
enhancement on MRI after successful cryoablation is most
prominent in the delayed dynamic phase, which clearly dif-
fers from RCC that is a strongly arterialised lesion.35 Addi-
tional post-processing techniques such as image subtraction
can aid with detecting true enhancement.
Conclusion
The literature on ablation for small RCCs has matured in
recent years, and percutaneous ablation is an acceptable and
viable alternative treatment to partial nephrectomy. Careful
planning and understanding of the tumour characteristics
are important to avoid complications. In addition, one needs
a sound knowledge of the ablative technology available to
treat these lesions, as well as an awareness of imaging appear-
ances post-ablation.
scan performed at day 1 post-cryoablation shows high attenuation
material within the ablated zone which did not increase in HU
post-contrast, in keeping with haematoma. Note the hydrodissec-
tion fluid has largely been absorbed at 24 hours. (C) Axial slices of
a CT scan (left pre-contrast, right post-contrast) performed at 3
months post-cryoablation shows tissue enhancement posteriorly
with the ablation zone in keeping with local recurrence (arrow).
(D) Repeat cryoablation was performed 1 month later. Axial slices
of the planning CT with localisation grid in situ (left), ice-ball seen
covering the tumour after a combination of hydrodissection and
carbon dioxide gaseous dissection to lift the adjacent bowel away
(right). (E) (i) Axial slice from a post-contrast CT performed at
day 1 post-cryoablation. Some residual intra-abdominal gas is seen
which makes identification of any potential bowel injury or perfo-
ration challenging, and so oral contrast is advised for the day 1
check CT if intra-procedural gaseous dissection has been utilised.
No complication identified. Follow-up post-contrast CT scans
taken at (ii) 3 months, (iii) 7 months and (iv) 12 months post-cry-
oablation, no enhancing tissue is seen in the ablation zone suggest-
ing no local recurrence.
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