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UROGENITAL

Image-guided radiofrequency ablation of renal

cell carcinoma

Abstract The incidence of renal cell
carcinoma is rising with the increased
number of incidental detection of
small tumours. During the past few
years, percutaneous imaging-guided
radiofrequency ablation has evolved
as a minimally invasive treatment of
small unresectable renal tumours of-
fering reduced patient morbidity and
overall health care costs. In radio-
frequency ablation, thermal energy is
deposited into a targeted tumour by
means of a radiofrequency applicator.
In recent studies, radiofrequency
ablation was shown to be an effective
and safe modality for local destruction
of renal cell carcinoma. Radiofre-
quency applicator navigation can be
performed via ultrasound, computed
tomography or magnetic resonance
guidance; however, ultrasound seems
less favourable because of the absence
of monitoring capabilities during

ablation. On-line monitoring of treat-
ment outcome can only be performed
with magnetic resonance imaging
giving the possibility of eventual ap-
plicator repositioning to ablate visible
residual tumour tissue. Long-term
follow-up is crucial to assess
completeness of tumour ablation. New
developments in ablation technology
and radiological equipment will
further increase the indication field
for radiofrequency ablation of renal
cell carcinoma. Altogether, radiofre-
quency ablation seems to be a
promising new modality for the
minimally invasive treatment of renal
cell carcinoma, which was demon-
strated to exhibit high short-term
effectiveness.
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Introduction

A worldwide incidence of 150,000 cases of renal cell
carcinoma (RCC) is estimated constituting approximately
2% of the malignancies in adults [1]. More than 50% of
asymptomatic cases are, meanwhile, incidentally discov-
ered [2]. The incidence of RCC is increasing, which partly
reflects the increasing incidental discovery of small
localized RCC due to the more frequent use of imaging
modalities such as ultrasound (US), computed tomography
(CT) or magnetic resonance imaging (MRI). Independent
of the improved detection of RCC, a rise in incidence was
registered in the Western industrialized states [3]. In
parallel, several hereditary syndromes are related with an

increased risk for the occurrence of RCC, of which von
Hippel-Lindau (VHL) disease is the most characterized.
VHL with 23-45% of afflicted patients developing one or
more RCC during their lifetime [4] shows a tendency of the
lesions to be bilateral and multifocal. In patients with
sporadic renal cancers, nephron-sparing surgery (NSS) was
shown to be equivalent at 5-year cancer control to total
nephrectomy [5].

Many elderly patients with sporadic RCC are poor
candidates for surgical resection due to comorbidities. RCC
in these patients is often small in size due to incidental
discovery [2]. In these patients, minimally invasive percu-
taneous ablation techniques can effectively be used for
local tumour control preserving healthy renal parenchyma,
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reducing the overall morbidity of surgery, allowing for
earlier hospital discharge and faster convalescence and,
furthermore, decreasing overall health care costs. In
percutaneous ablation techniques, a radiofrequency (RF)
applicator is placed into the tumour via imaging guidance,
and thermal energy is applied into the tumour leading to
cell death. Two ablation techniques for the treatment of
RCC have evolved as the most widely used: radio-
frequency ablation (RFA) [6—-13] and cryoablation [14],
with RFA being the most extensively used technique for its
ease of use and its efficacy. A summary of recent imaging-
guided RFA studies is given in Table 1.

This review summarizes the technique of and indications
for percutaneous RFA of RCC, factors influencing success
of treatment and results of reported clinical trials. A further
point of this article is focused on the comparison of
different imaging guidance modalities, treatment compli-
cations during RFA and possible preventive techniques, as
well as guidelines for follow-up imaging. A short
discussion on upcoming developments in RFA and imag-
ing is given that will possibly change the technique and
improve the outcome of future RFA treatment of RCC.

Principles and technique of radiofrequency ablation

In thermal ablation techniques, tumour tissue is destroyed
by creating target temperatures in excess of 48-50°C
within the pathological tissue leading to coagulation
necrosis and cellular death. The higher the temperature
inducing irreversible damage to critical cell proteins, the
shorter is the necessary treatment duration to secure cell
death. The tissue thermal damage at high-temperature
exposure may be predicted by means of biophysical
relationships such as the Pennes bioheat equation [15], an
Arrhenius analysis [16] or the Sapareto-Dewey isoeffect
thermal dose relationship [17]. These relationships have
been tested in several in vivo systems, which demonstrated
that within defined temperature ranges, the thermal damage

in tissue is approximately linearly dependent upon treat-
ment time and exponentially dependent upon the increase
in temperature. The sensitivity to heat exposure among
different tissue types is variable [16].

In RFA, an alternating electrical current is used to create
resistive heating within the targeted tissue. Frequencies of
radiofrequency generators range between 375 and
480 kHz, and generator power of up to 250 W is available.
The electrical energy is deposited in the tissue by means of
a needle applicator of 1.6-2.5 mm in diameter that is
insulated up to an active tip of 2-5 cm. In conventional
monopolar RFA systems, the electrical circuit is estab-
lished between the active applicator tip and one or several
grounding pads attached to the patient’s thighs. The
thermal heating is more intense close to the active needle
tip, because of the narrow electrical streamlines and,
therefore, the highest current density. The highest tissue
temperatures are reached at only a few millimetres
surrounding the applicator tip, and the resulting coagula-
tion necrosis is formed by convective heating. The
achievable ablation volumes are limited as charring and
tissue boiling close to the active needle tip increase the
electrical impedance with a drop in energy deposition.
Several techniques have been developed to overcome this
limitation: pulsed energy deployment [18, 19], expansion
of electrode surface [20] and internal cooling [20] or
perfusion [21]. These systems theoretically allow for
almost spherical necrosis diameters in vivo of up to 3 cm
in maximum diameter. Further increase of the coagulation
diameter via augmenting the distance between the needles
in the multi-applicator approach is not possible due to
electrical shadowing in the centre of the applicators. For
tumour diameters larger than 3 cm, several overlapping
ablations with intermittent repositioning of the applicator
have to be performed. New bipolar [22] and multipolar [23]
devices are already available offering possible larger
achievable coagulation diameters and better controlled
energy deposition; however, they have not yet been
evaluated for the treatment of RCC. Initial multipolar

Table 1 Overview of recent

. . A Author/year Method Patients (n)  Complete ablation Follow-up

clinical studies on image- . Lo

guided radiofrequency ablation used (imaging) in follow-up ~ (months)

of renal cell carcinoma
Zlotta (1997) [50] Percut. US/OP 2 3/3 -
McGovern (1999) [51] Percut. US/OP 1 1/1 3
Hall (2000) [52] Percut. CT 1 1/1 3
Ogan (2002) [53] Percut. CT 12 12/13 4.9
Pavlovich (2002) [12] Percut. US/CT 21 24/24 2
Farrel (2003) [10] Percut. US/CT 20 35/35 9
Mayo-Smith (2003) [11]  Percut. US/CT 32 31/32 9
Mahnken (2005) [9] Percut. CT 14 15/15 139
Gervais (2005) [6] Percut. CT 85 90/100 27.6
Lewin (2005) [34] Percut. MRI 10 10/10 25
Boss (2005) [35] Percut. MRI 12 12/12 10.3
Sabharwal (2006) [54] Percut. CT 11 18/18 10.9
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ablation protocols have been tested in ex vivo liver tissue
suggesting ablation diameters of up to 7 cm in maximum
diameter with the placement of three applicators in a
triangular configuration [23].

Experimental studies and pathology

In several ablate and resect studies performed in animal
models [24-29], pathological and histological examina-
tions of the renal coagulation lesion induced via RFA were
carried out. On gross examination, the coagulation necrosis
is blanched, well-circumscribed and of yellowish-white
colour. The light microscopic changes can be characterized
by blurring of the nuclear chromatin, an increased eosino-
philia of the cytoplasm, loss of cell border integrity and
presence of interstitial haemorrhage. Electron microscopy
revealed prominent cytoplasmic granularity and near-total
loss of ultrastructural detail of the cytoplasmic organelles.
The loss of cellular integrity with lyses of nuclei,
degeneration of cell membranes and cellular fragmentation
may increase during the following 2-4 weeks leading to
complete necrosis within the coagulated area. A sharp
junction between the affected tissue and the surrounding
normal renal parenchyma is formed. Marked inflammation
can be found surrounding the area of coagulation with
tissue oedema, inflammatory infiltrates, neovascularisation
and haemorrhage. Four zones can be distinguished from
the centre to the periphery of the lesion: (1) carbonization
in the direct vicinity of the applicator, (2) complete
coagulation necrosis, (3) a surrounding rim of inflamma-
tion and haemorrhage and (4) normal renal parenchyma.
The coagulation lesion shows a slow shrinkage due to
absorption and fibrotic conversion during the following
months.

Technique of percutaneous treatment

Several different approaches are possible in renal RFA
including intraoperative open surgical, laparoscopic and
imaging-guided percutaneous treatment. In this manu-
script, the focus is set on percutaneous imaging-guided
treatment, which may be regarded as the minimally
invasive modality. Imaging guidance may be performed
with US, CT or MRI. Advantages and disadvantages of
each modality will be discussed in detail in the next section.

Before the intervention, a physical examination and a
check of coagulation laboratory parameters has to be
carried out, as well as written informed consent to the
treatment has to be obtained from the patient. Most of the
percutaneous ablation treatments can be performed in
conscious sedation using, for example, pethidine and
midazolam, although a general anaesthesia may be
required in selected patients. Patients are typically placed
in supine or semi-supine position to allow for a posterior

puncture tract. After preoperative imaging for tumour
localization, the puncture site and the needle trajectory are
planned. After disinfection and sterile covering, skin and
adjacent subcutaneous regions are anaesthetized with 1%
Xylocaine solution. After diagnostic imaging to ensure that
the applicator is correctly positioned in all spatial
directions, the ablation procedure can be started with
typically 10—15 min of energy deposition. Subsequently,
the applicator may be repositioned if necessary, and
another ablation cycle can be performed to coagulate
residual tumour tissue. With overlapping ablations, RCC of
up to 5.5 cm in maximum diameter were reported to be
successfully treated [12].

Several histological studies have demonstrated frequent
microscopic tumour penetration of the pseudocapsule that
surrounds most of the RCC emphasizing the need for a
safety margin [30]. The often reported multicentricity in
sporadic RCC may be regarded in most cases as intrarenal
metastases [31]. To avoid local tumour relapse, the
coagulation zone should encompass a 5- to 10-mm layer
of peritumoural margin in addition to the complete tumour.
Therefore, it is advisable to use cluster electrodes or
expandable multiprong electrodes for all tumour sizes as
these systems achieve the largest possible ablation volume
within a reasonable time [18-20]. After complete tumour
destruction, the applicator is retracted under constant
heating using 25-30 W power (without cooling) for needle
tract coagulation, which prevents haemorrhage and tumour
seeding. Patients may be treated on an outpatient basis after
a short observation time. Prophylactic antibiotics before or
immediately after the treatment are not recommended. A
standard abdominal US examination should be performed
to exclude ablation-related complications before dismissal
from the hospital.

Indication for RFA of renal cell carcinomas
and predictors of outcome

The indication for percutaneous interventional thermoabla-
tion of RCC has to be discussed in interdisciplinary
collaboration of urology and interventional radiology. The
treatment strategy has to be defined in the context of the
overall clinical situation including age and life expectancy,
laboratory parameters, radiological assessment of local and
general extension of disease, and patient compliance.
Radical nephrectomy is the gold standard for treatment of
renal cell carcinoma against which all other forms of
treatment including NSS and RFA have to be measured.
The indication for NSS is given if radical nephrectomy
would render the patient anephric, with a need for dialysis
or renal replacement therapy [30], which involves all cases
of anatomically or functionally solitary kidneys due to
unilateral kidney agenesis, previous contralateral nephrec-
tomy or irreversible impairment of contralateral kidney
function. For low-stage disease (single, small tumour
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<4 cm) and a normal contralateral kidney, NSS was shown
to provide equally effective curative treatment as compared
to radical nephrectomy with a long-term renal functional
advantage [30, 31]. However, NSS is technically more
challenging as compared to radical nephrectomy with
higher intraoperative blood loss. In elderly patients with
significant comorbidities and reduced life expectancy (e.g.
due to chronic congestive heart failure, chronic obstructive
pulmonary disease or other primary malignancy), partial
nephrectomy with general anaesthesia bears a significant
operational risk. As the tumour growth is low in RCC with
increase in tumour diameter of 0.2—1.2 cm/year, and as
RCC smaller than 4 cm seldom metastasize, “watchful
waiting” may be considered an appropriate option in the
elderly patient, especially with a life expectancy of less
than 1 year [32, 33].

Percutaneous RFA may offer a minimally invasive
treatment in the elderly patient not requiring general
anaesthesia and may potentially preserve renal function
without significant blood loss. RFA may preserve a larger
amount of healthy renal parenchyma as compared to NSS,
and therefore, may additionally be an alternative to NSS in
patients with reduced renal function or multiple RCC, as
these patients might require dialysis following NSS.
However, no clinical trials have yet been published
comparing long-term renal function after RFA versus
NSS, which could corroborate this hypothesis.

The tumour size is a strong predictor of ablation
outcome. Small tumours with diameters up to 4 cm seem
to be the most appropriate indication for RFA. These
tumours are technically successfully treated in 92—100% of
cases with one or multiple sessions using the commercially
available RF ablation systems [6—13, 34] under CT
guidance. With tumours smaller than 3 cm in size,
complete ablation will typically be performed within one
single treatment session [34]. However, complete ablation
was reported for tumours up to 5.5 cm in diameter [12],
which requires many applicator repositionings and subse-
quently longer treatment times. To increase ablation
effectiveness for large tumour sizes, pre-ablation emboli-
zation to reduce perfusion-mediated cooling was suggested
by some authors [8, 9].

A further predictor of technical successfulness seems to
be the tumour location [6]. Exophytic tumours, which
according to the definition invade the perirenal fat, are
easier to puncture compared to more central tumours. The
insulating effect of the fat capsule allows for higher
ablation temperatures, whereas blood flow in the large hilar
blood vessels causes a cooling “heat-sink” effect. Ad-
ditionally, the risk of bleeding seems to be increased for
centrally located tumours [6]. However, it was reported that
61-78% of tumours with central components can com-
pletely be ablated within one or multiple sessions. In
another study, however, no significant differences in
ablation outcome for central and exophytic tumours were
found [34]. Problems may arise in RCC tumours exhibiting

large cystic components as RFA is less effective for cystic
lesions. However, first reports have been published
showing successful treatment of benign cysts via RFA
[35, 36]. No reports have yet been published on the
effectiveness of RFA for RCC exhibiting large cystic
components.

NSS or RFA in patients with advanced or metastatic
disease is primarily indicated to avoid rendering the patient
anephric [31] and necessitating renal replacement therapy
or dialysis. By resection or ablation of the primary tumour,
symptomatic relief may be possible while maintaining
acceptable renal function. No benefit in life expectancy has
yet been demonstrated for such an indication; however,
several studies recently showed that the combination of
immunotherapy and radical nephrectomy leads to an
increase in life expectancy [37]. The same may be assumed
for complete tumour ablation or NSS. Altogether, RFA
seems to be a treatment alternative especially for patients
who are poor candidates for surgery or suffering from
multifocal RCC such as VHL patients and patients with
small exophytic tumours of less than 4 cm in size, which
are not close to vessels potentially causing a heat-sink
effect.

Imaging guidance and ablation monitoring

Imaging guidance in RFA may be performed using US, CT
or MRI. A MR-guided RFA of a renal mass is shown in
Fig. 1. Of the mentioned modalities, US seems to be the
least favourable for RFA as steam bubbles produced by
the vaporization during the procedure significantly disturb
the image quality due to their hyperechogenicity. Therefore,
reliable ablation monitoring is not feasible with US. In CT,
no significant changes in the imaging pattern of the ablated
renal masses can be found [26] (Fig. 2). Residual tumour
tissue can be detected at CT by administration of contrast
medium because the tumour tissue generally exhibits signal
enhancement, whereas the coagulation necrosis does not.
However, injection of contrast medium can only be
performed once per ablation session as the contrast medium
clearance may need several hours. The necessity of up to
four treatment sessions has been described for CT guidance
to achieve complete tumour necrosis [6]. In certain RCC
not showing contrast enhancement, administration of
contrast media does not allow ablation monitoring in CT
guidance [6].

In several studies, MR imaging for applicator navigation
and treatment monitoring was suggested [38—40]. MRI is
optimally suited for imaging guidance in RFA due to its
intrinsically high soft tissue contrast, the capability of true
multiplanar imaging due to the free choice of the applied
imaging gradients and the possibility of applicator
targeting with sequences of MR fluoroscopy (Fig. 3).
Rapid Tlw gradient echo sequences (GRE) and T2w
steady-state free precession sequences (SSFP) with acqui-
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sition times of approximately 2 s allow for safe and fast
applicator placement. MR imaging is the only modality
providing near on-line monitoring of the ablation proce-
dure. Clear post-ablation changes are visible in T2w MR
imaging. Complete tumour ablation is achieved in areas of
signal loss in T2w imaging replacing the isointense or
hyperintense signal of the RCC (Fig. 1c,d). In the acute
phase after ablation, the hypointense area of complete
necrosis is typically surrounded by a small hyperintense
rim, which corresponds to the zone of inflammation and
haemorrhage. Residual tumour tissue can be detected due
to its persisting isointense or hyperintense signal. The
applicator may be repositioned to the area of incomplete
treatment, and a further ablation cycle may be performed
with the patient still in the same position on the MR table.
As RFA allows for an indefinite number of subsequent
ablation cycles, the repeated assessment of ablation
outcome without new injection of contrast media provides
a major advantage over other imaging modalities. In cases
of central tumour location close to hilar vessels, immediate
control of ablation outcome allows for assessment of a
possible heat-sink effect. For MR guidance, a success rate
of complete tumour ablation in 92-100% of cases within
one single session was reported [38—40].

Complications

According to the recent literature, complication rates in
RFA of RCC seem lower as compared to partial or radical
nephrectomy. Only minimal morbidity and no mortality are

Fig. 1 MR-guided RFA of a
3.1x2.0x3.1 cm mixed RCC
(white arrowheads, tumour vol-
ume 10.1 cm®) performed in a
female 82-year-old patient. Pre-
interventional T1w (a) and T2w
(b) spin echo and fast spin echo
images are displayed, which
were acquired at an interven-
tional low-field scanner at 0.2
tesla. In T2w imaging recorded
after one ablation cycle (¢), the
coagulation zone surrounding
the applicator exhibits signal
loss. Ventral to the applicator,
residual tumour tissue (white
arrow) is visible showing hy-
perintense signal characteristics.
After repositioning of the appli-
cator and another ablation cycle
(d), complete ablation of the
RCC is achieved

associated with RFA. Complication rates for partial or total
nephrectomy range between 14 and 26% [41, 42], whereas
complication rates for CT-guided RFA are reported
between 0 and 11% [6—12].

The most common complication is haemorrhage, which
seldom requires blood transfusion. A possible complication
of thermal ablation therapy is the unwanted damaging of
healthy bordering tissue by heat conductance. In central
tumours, the ureter may be injured by the local heating.
Thermal damage to the ureter may result in ureteral
stricture or urine leakage [6, 40], which in rare cases
requires nephrostomy or ureteral stent placement. More
frequently, affection of the lumbar plexus or the genito-
femoral nerve is reported, which leads to pain and
insensitiveness in the inguinal skin area possibly persisting
over many months [6, 7, 10, 11, 39, 40]. No cases of bowel
perforation and only one case of tract seeding have been
described [11]. Infection and skin burn at the grounding
pad site are rare occurrences.

Recently, several techniques have been proposed for
separating heat-sensible organ structures from the ablation
area: positional manoeuvres of the patient, paranephric
instillation of fluid or air/CO,, or balloon displacement [43,
44]. To obviate injury to the lumbar plexus and the
genitofemoral nerve, displacement of the kidney from the
major psoas muscle in cases of critical tumour location has
been recommended by using the applicator as a lever to
move the kidney away [45]. For safe treatment of renal
masses critically close to susceptible organ structures, MR
guidance is the best imaging modality due to the
multiplanar capabilities, the availability of near real-time
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Fig. 2 RFA ofa3.3x3.2x3.3 cm
RCC in a 72-year-old male
patient carried out with CT
guidance. Pre-interventional
native (a) and contrast-enhanced
(b) images are displayed. Only
slight changes in the signal
pattern are seen after the 12-min
ablation cycle in an image
acquired immediately after the
ablation (c) and an image
recorded after the removal of
the applicator and administration
of another contrast medium
bolus (d)

Fig. 3 In MR-guided RFA, fast
gradient echo sequences can be
used for applicator positioning.
In a, the site of applicator
insertion is chosen by skin im-
pression with the fingertip (ar-
rowhead). Rapid MR sequences
with 2-s acquisition time for
each image allow for fast and
safe applicator positioning
within the tumour
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MR fluoroscopy and the immediate visibility of thermally
affected organ structures in T2w imaging.

Follow-up

One of the potential disadvantages of RFA is that the
coagulated tissue remains in situ, which requires short-
interval follow-up examinations for assessment of residual
tumour or relapse. As the growth rate of RCC is low, this
has to be performed at regular intervals over several years.
Most studies applied a scheme with follow-up imaging
every 3 months in the 1st year and every 6 months in the
2nd year after RFA [6-12, 38—40]. No trials have so far
been published as to whether CT or MR imaging is more
reliable for assessment of tumour relapse in follow-up
examinations. In CT, any area exhibiting contrast enhance-
ment within the ablation zone is conventionally regarded as
residual tumour tissue or tumour relapse.

For iodinated contrast media, an estimated nephrotox-
icity of 20-30% was reported if administered in patients
with pre-existing renal disease [46]. Therefore, contrast-
enhanced CT should be avoided in the post-RFA patient
cohort, and MR imaging follow-up should be preferred.
Only a few studies have been published so far describing
the MRI findings in renal RFA follow-up [47, 48].

In MRI, the hypointense coagulation zone retains its
signal behaviour in T2w imaging, whereas a change in the
signal pattern of Tlw imaging from hypointense to
hyperintense is found. This signal change may be due to
the fibrotic conversion of the coagulation necrosis. The thin
hyperintense rim, which can be seen in T2w imaging and
contrast-enhanced imaging surrounding the coagulation
zone in the acute stage after RFA, is barely detectable in
follow-up after several weeks. After an increase in size in
the first 2 weeks, the coagulation necrosis shows a slow
involution during subsequent follow-up examinations [38].

Contrast-enhanced perfusion imaging was found to exhibit
higher concordance with definite coagulation volume as
compared to T2w imaging, which underestimates the true
ablation size [48]. In the assessment of residual tumour
tissue or tumour relapse, T2w imaging and contrast-
enhanced perfusion imaging complement each other [48].
As the applied gadolinium chelates are potentially neph-
rotoxic in patients with renal disease [49], perfusion
imaging could be performed by means of arterial spin
labelling. Arterial spin labelling uses magnetically marked
blood water as an endogenous tracer. The feasibility of
renal RFA follow-up using spin labelling in diagnostic
imaging quality was recently reported [48].

Conclusion and future prospects

Imaging-guided RFA of renal masses has been proven to be
a reliable and safe treatment modality, which may be
applied as minimally invasive therapy in patients with
significant comorbidities rendering them poor candidates
for surgical resection. MR-guided RFA is the most recent
development providing many advantages over CT or US
guidance, among which is the immediate visibility of
thermally affected tissue. With the new generation of
interventional open-bore high-field scanners, significant
improvement of the treatment protocols and a further
increase in the rate of complete coagulation within one
session seems possible. More studies are necessary in the
field of follow-up imaging assessing the different imaging
modalities for early visualisation of residual tumour tissue
or tumour relapse after RFA. New thermoablative tech-
niques such as multipolar RFA or microwave ablation will
possibly allow for more consistent and successful ablation
of larger NCC with an improved convection profile and
reduced heat-sink effect.
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