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Key Messages

* As provider experience improves and
long-term outcome studies become
available, thermal ablation is becoming
increasingly accepted as a potential new
standard of care for solid small renal
masses.

» Radiofrequency ablation (RFA) can be
delivered using various percutaneous
image-guided or laparoscopic
techniques.

e The mechanism of action of RFA
depends on the principle of heat conduc-
tion inducing cellular death.

* Emerging data show that long-term effi-
cacy of radiofrequency ablation for man-
aging small renal masses is approaching
that of partial nephrectomy.

e Radiofrequency ablation offers fewer
complications, faster convalescence,
shorter hospital time and an option for
patients who cannot undergo general
anaesthesia.

6.1 Introduction

The diagnosis of incidental small renal masses
(SRM), most commonly renal cell carcinoma
(RCCQ), has increased during the past two decades
due to the increased availability and utilization of
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imaging [1, 2]. Since 1970, the incidence of RCC
has increased 3 and 4% per year in the Caucasian
and African-American populations, respectively.
SRM encompass clinical stage cTla <4 cm [3].
In recent years, the standard treatment of SRM
has shifted from radical nephrectomy (RN) to
nephron-sparing surgery (NSS) in which partial
nephrectomy (PN) has become the new standard
of care for tumours which do not invade the col-
lecting system [4]. The goal of NSS is to resect/
ablate the tumour and small surrounding rim of
healthy tissue to ensure negative margins while
preserving an optimal amount of renal function,
i.e. “collateral damage” [4, 5]. While allowing
for the preservation of normal renal parenchyma,
NSS is associated with improved long-term out-
comes. NSS options include PN, thermal ablation
(TA) and nonthermal ablation (irreversible elec-
troporation) where cryoablation (CA), micro-
wave ablation (MWA) and radiofrequency
ablation (RFA) are the most common forms of
TA [5]. The decision between procedures is based
on the experience of the team, urologist and inter-
ventional radiologist and access to equipment. It
is beyond the scope of this review to discuss in
detail these alternative options; thus, we will pri-
marily focus on RFA.

6.2 Management Guidelines

for RFA

Currently the literature suggests that RFA is most
successful in SRM <4 cm. In 2009, the American
Urological Association (AUA) published clinical
guidelines for treatment of SRM. TA was sug-
gested as a treatment option in patients with Tla
tumours and major co-morbidities and/or patients
unable to undergo surgery. This includes patients
of increased age, renal insufficiency, bilateral
tumours and local reoccurrence and patients with
VHL syndrome. Additionally, the update sug-
gested TA as an option in healthy patients with
T1la/b lesions, as well as patients with major co-
morbidities with stage Tlb tumours [6, 7].
Furthermore, the FEuropean Association of
Urology recommends TA not only for patients
with major co-morbidities but for healthy patients

with SRM. Although PN remains the standard of
care, this treatment modality is associated with
increased warm ischemic time and increased risk
of urologic complications including haemor-
rhage and urinary fistula formation. Compared to
PN, TA offers fewer complications, faster conva-
lescence, shorter hospital time and an option for

patients who cannot undergo  general
anaesthesia.
6.3 Support/Results

Gervais et al. report a retrospective series of 100
renal tumours treated with RFA. One hundred
percent of SRM <3 cm, 92% of 3-5 cm masses
and 25% of masses >5 cm were treated success-
fully [1, 2]. Zagoria et al. demonstrate that with
each 1 cm increase in diameter above 3.6 cm, the
likelihood of recurrence-free survival decreases
by a factor of 2.19 and recommends caution
when treating tumours >4 cm [8]. Olweny et al.
compare the 5-year outcomes for RFA vs. PN in
Tla-treated RCC and report 97.2% vs. 100%
(p = 0.31) cancer-specific survival, 97.2% vs.
100% (p = 0.31) overall survival and 91.7 vs.
94.6% (p = 0.96) local recurrence-free survival
[9]. Psutka et al. report on 185 patients with T1
RCC followed for a mean of 6.43 years. The
overall disease-free survival rate was 88.6%
(92.3% Tlaand 76.3% for T1b), and only 13% of
patients were retreated for recurrence [10]. Please
refer to Table 6.1 for additional results.

6.4  Principles of Radiofrequency
Ablation
6.4.1 Mechanism of Action

RFA, a form of hyperthermal ablation, was origi-
nally developed for the treatment of aberrant car-
diac pathways and now is used for renal masses
and prostate hyperplasia. The main mechanism
of RFA depends primarily on the principle of
heat conduction inducing cellular death [4].
Secondary mechanisms include vaporization and
coagulative necrosis. Alternating current with a
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Table 6.1 Long-term outcomes following RFA for SRM

Ma et al. Lorber et al. | Kim et al. | Zagoria Tracy et al. | Balageas |Ramirez
[33] [13] [34] etal. [8] |[35] etal. [36] |etal. [37]
Pt number 52 50 47 41 208 62 79
Tumour number 58 53 48 48 243 71 111
Tumour size 2.2 2.3(0.3-4.00 |23 2.6 24 23 22
(1.0-3.0) |(0.7-8.2) (0.9-4.2)
Approach: lap 24 24 12 0 68 0 111
percutaneous 34 29 36 48 172 71 0
Long-term F/U 60.1 65.6 49.6 56 27 (1.5-90) |38.8 59 (2-120)
(months) (48-90) (48.5-120.2) (36-64) (18-78)
Incomplete ablation | 0% 0% 10.4% NA 2.9% 4.8% 2.5%
(n=5) (n=7) (n=3) (n=2)
Local reoccurrence | 5.1% 7.5% 8.3% 12% 3.7% 12.7% 6.3%
(n=5), n=9) n=9) (n=95)
(0%
<4 cm)
Recurrence-free 94.2% 92.5 NA 88% 93% NA 93.3%
survival
Disease-free NA 90.6% NA 83% NA 61.9% NA
survival (5 years)
Overall 95.7% 98% NA 66% 93% 82.3% 72%
survival — 91.1% 93% NA NA Na 60.9% NA
5 years/10 years
Cancer-specific 100% 100% NA NA 99% 96.8% 100%
survival
Metastasis 0% 1.9% 0% 7% 1.2% 6.5% 0%
(n=3)
Probe type 14-G Cool-tip Cool-tip | Cool-tip | StarBurst LeVeen Starburst
starburst (90%) XL XL
XL StarBurst
RITA (10%)

frequency between 375 and 900 KHz is delivered
by a generator to an electrode probe which has
been placed in the centre of the target tissue.
Most often these systems are monopolar thus
requiring a single grounding pad. The ablation
zone of thermal conductivity remains unmodified
1-2 mm from the tip of the needle probe [11].
The resulting coagulation provides an advantage
of RFA since no topical haemostatic agents are
required post-ablation to control bleeding as has
been seen with CA [4]. The effects of RFA-
induced cellular injury rely on a time-temperature
curve where ablations at higher temperatures
require less time. Bhowmick et al. describe this
phenomenon demonstrating that irreversible cel-
lular damage occurs after 60 min at 45 °C, 5 min
at 55 °C or 1 min at 70 °C [5]. As temperature
increases, ionic agitation of intracellular mole-

cules develops resulting in frictional heating.
Once temperatures reach above 60 °C, the cell
loses its intracellular buffering capacity which
results in the accumulation of intracellular cal-
cium and eventual cellular death. As local inflam-
mation increases, acidosis occurs and coagulative
necrosis results [1, 2]. As the temperature
increases, different phases of cellular damage are
observed. Coagulation and cellular damage, sec-
ondary to protein denaturation, blood coagula-
tion and irreversible cellular death, result after
exposure to temperatures between 50 and 80 °C
for seconds to minutes. Vaporization damage
resulting in dehydration, vacuole formation and
tissue ablation occurs at temperatures above
100 °C. Lastly, carbonization in the form of melt-
ing and charring transpires once temperatures
reach between 150 and 300 °C [4]. Carbonization
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is to be avoided as a zone of extremely high
impedance results, thus limiting RF current pas-
sage and thermal spread.

The success of RFA depends on a temperature-
based algorithm and treatment endpoints detected
by temperature monitors, temperature probes and
impedance probes [12]. We recommend that a
temperature goal of at least 60 °C be obtained in
order to achieve instantaneous irreversible cell
damage by denaturation of proteins and coagula-
tive necrosis (Fig. 6.1). General, conscious and
intravenous sedation are anaesthetic options for
RFA procedures; general anaesthesia is ideal.
Under general anaesthesia, the respiratory cycle
can be manipulated allowing for more accurate
probe placement [1, 5].

6.4.2 Effect of Tumour Size
and Location

Tumour size and location are strong predictors of
ablative success [13, 14]. Heat loss is directly
dependent on the average blood flow within a tis-
sue. Therefore, when flow rates increase, “heat
sinking” occurs and is responsible for the observed
increased rate of incomplete ablations of vascular
tumours, secondary to the location of proximal
vessels [4, 5, 11]. Limitations of RFA are determi-
nation of end treatment, probe placement during
different stages of the respiratory cycle and accu-
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Fig. 6.1 Gross image (confirmed histologically) demon-
strating complete destruction of 4.7 cm left renal clear cell
carcinoma via coagulative necrosis. The kidney removed
at 12 months follow-up after being treated successfully by
laparoscopic RFA, Cool-tip® (Valley Lab, Boulder, CO,
USA) under laparoscopic US image guidance

mulation of error which is seen between steps.
End treatment goal is debated since heat cannot
be visualized by CT or US. It has been demon-
strated, however, that real-time temperature moni-
toring through non-conducting fibre optic probes
allows for the establishment of adequate treat-
ment endpoints and expands the size and location
of tumours treated [4, 12, 13, 15, 16].

6.4.3 Advances: Real-Time
Temperature Monitoring

Determination of the endpoint of treatment can be
achieved with real-time temperature monitoring
using fibre optic temperature probe(s) (Luxtron
Corp., Santa Clara, CA). The use of these probes
which are non-conductive allows for the determi-
nation of the precise temperature of the ablation
zone in real time. Determination of end treatment
when all probes reach at least 60 °C at the tumour
periphery decreases the number of incomplete
ablations and improves precision [5, 12, 13, 16].

6.4.4 NotAll RF Probes Are
the Same

The mechanism of action whereby RF generates
temperatures is via metal electrode/tissue interac-
tions. Alternating electromagnetic (AC) waves
(between 10 kHz and 900 MHz) pass through tis-
sues and result in ionic agitation with subsequent
heat generation. At the probe/tissue interface, a
significantly high proportion of current density
occurs creating potentially extremely high local
temperatures with resulting carbonization which
ultimately inhibits heat conduction. The goal is to
heat at lower sustained temperatures and not
cause carbonization (avoid “charcoaling”).
Several engineering designs have been employed
to try to obviate this high current density — these
include expanding the surface area with deploy-
able needles, LeVeen® RF system 3000® (Boston
Scientific, Natick, MA, USA) and RITA
StarBurst® (Angiodynamic®, Queensbury, NY,
USA), as well as internal cooling to prevent tissue
desiccation at the metal/tissue contact point,
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Fig. 6.2 (a) The straight needle, Cool-tip® (Covidien,
Valley Lab, Boulder, CO, USA) probe with hand piece.
Circulation of chilled water into the hollow channel of the
needle prevents overheating and charring allowing for

Fig.6.3 The
multilined, expandable
RITA StarBurst®
(Angiodynamic®,
Queensbury, NY, NY,
USA) electrode.
Adjustable tine spacing
allows for single needle
placement creating a
predictable expansion of
the tines. Extreme
expansion may create
nonspherical lesions due
to conductive heat loss

Cool-tip® (Covidien, Boulder, CO, USA). This
allows electrical current to emanate away from
the metal antenna and still create heat several mm
away from the needle probe. Saline tissue perfu-
sion (Talon ™, Angiodynamic®, Queensbury,
NY, USA) will spread current density away from
the metal tip and increase the ablation target zone
(Figs. 6.2 and 6.3) [2, 5]. It is beyond the scope of
this manuscript to describe in great detail the pros
and cons of each design; however, we feel it is
important for the reader to be cognizant of the fact
that not all RFA probes work the same. This may
impact interpretation of results seen in Table 6.1.

6.4.5 Contraindications

RFA is contraindicated in patients who have a life
expectancy of less than 1 year, multiple sites of
metastasis at the time of procedure, the presence

wider dissemination of electrical current. (b) Close up of
Cool-tip® demonstrating uninsulated active tip (bracket)
and centimetre calibrations proximally

of an irreversible haematological coagulopathy
and/or result of respiratory complications when
in the prone or supine position for the length of
the procedure.

6.5 Percutaneous

Radiofrequency Ablation

Percutaneous RFA is utilized for most tumours but
is optimally suited for laterally and posteriorly
located renal masses away from vital intraperito-
neal organs. In contrast, the laparoscopic approach
allows for the manipulation of the surrounding
anatomy in anteriorly located tumours, limiting
thermal damage [4]. Imaging is often utilized for
laparoscopic RFA; however, presently this is lim-
ited to ultrasound for probe placement. We will
focus our discussion on percutaneous needle place-
ment; imaging techniques include conventional
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computerized tomography (CT); CT fluoroscopy;
magnetic resonance imaging (MRI), possibly aug-
mented by three-dimensional renderings; and
image fusion techniques [ 1, 4]. Of these techniques,
CT-guided RFA is most commonly utilized [5, 17].

6.5.1 CT-RFA

CT-RFA can be achieved in either the prone or
lateral decubitus position allowing for access to
posteriorly or laterally located tumours. The
authors recommend that CT-RFA be performed
under general anaesthesia allowing for accurate
probe placement under the guidance of a CT grid
[1, 4, 11]. This prevents patient movement and
helps regulate the breathing cycle — thus improv-
ing accuracy. After the initial skin incision is
made, a 16 gauge biopsy cannula is guided by
means of intermittent CT imaging. Once the
position is confirmed, the stylet is withdrawn.
Next, via the cannula, fine needle aspiration can
be performed (optional) with a 22 gauge Chiba
needle. Alternatively (authors’ preference) core
needle biopsies are obtained, through an 18 gauge
spring-loaded biopsy needle [1, 4]. A minimum
of three cores are encouraged. At this time, the
TA probe is placed in the same trajectory as the
biopsy needle but not through the metal biopsy
guide as this will increase the risk of capacitive
currents and collateral damage, especially skin
burns. Once the TA probe is radiographically

confirmed to be in proper position, ablation is
performed according to manufacturer’s specifica-
tions and clinician’s judgement (Fig. 6.4).
Ablation of the access tract is recommended to
ensure cellular death and to aid in haemostasis.
Post-ablation the probe is withdrawn and a small
adhesive bandage is applied. Local anaesthetic
(lidocaine 1% or Marcaine 0.25%) can be uti-
lized at the puncture site but is optional. It is rea-
sonable to perform an end of procedure CT image
to document any perirenal fluid collections such
as haematoma or urinoma. If intercostal access is
utilized, a post-procedural chest radiograph is
recommended to rule out thoracic complications
such as pneumothorax or haemothorax.
Follow-up imaging is performed typically at
6 weeks, 6 months and annually for up to 5 years
[1,4,11,32].

CT-RFA has several advantages in compari-
son to the laparoscopic approach. First, access to
CT scanners is ubiquitous [17]. Next, the length
of hospital stay is decreased, since patients can
receive ablation at outpatient facilities which fur-
ther decreases the cost of the procedure.
Furthermore, complications of insufflation and
laparoscopic manipulation of vital organs are
avoided resulting in fewer post-procedural com-
plications [4]. Limitations of this approach
include diameter of gantry opening, patient size,
time required for needle repositioning, patient
exposure to radiation and contrast material and
inability of real-time monitoring [11, 17].

Fig. 6.4 (a) Patient, under general anaesthesia, placed on standard CT gantry. Laser cross-hairs projected to guide
fingertip control of needle placement. (b) Post hand-assisted RFA probe placement
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6.5.2 MRI-RFA

Although MRI-compatible RFA machines are
not standard in interventional radiology suites,
MRI-guided RFA provides several advantages
when compared to CT-guided techniques. MRI-
RFA was first described by Anzai et al. in 1995
for the treatment of brain tumours. Later Gervais
and Mayo-Smith et al. have reported successful
MRI-RFA for renal tumours. RFA is best per-
formed with open-magnet MRI machines, for
which two systems are available. The low-field
biplanar scanner provides room for the provider
to access the patient for probe employment. The
high-field short-bore magnet design affords high
temporal and spatial resolution however does not
afford the physician as much room to access the
patient for probe placement [2]. In order for RFA
to be utilized under MRI guidance, MRI-
compatible equipment is obligatory [4]. Two
electrodes have been specifically developed for
MR use. First, the nitinol StarBurst Semi-Flex®
(Angiodynamic®, Queensbury, NY, NY, USA)
electrode provides a more malleable shaft for tri-
angulation and a larger ablation zone through the
use of several dynamic tines [2]. The second, the
titanium Cool-tip RF system® (Covidien,
Boulder, CO, USA), provides maximum ablation
size while simultaneously cooling with circulat-
ing water [2, 4]. Lewin et al. describe effective
MRI-RFA treatment delivered through the Cool-
tip RF system® for 12—15 min at 90 °C guided
via real-time temperature probes [4].

Axial-fast spin-echo imaging allows for the
planning of probe entry. The trajectory is then
placed under continued MR guidance. Guidance
can be aided by either the three-slice method or
the triorthogonal image plane method. While
centred on the probe shaft, the three-slice method
utilizes three parallel 5 mm slices providing feed-
back of deviance from the focus of the middle
slice of the preset trajectory allowing the pro-
vider to advance along the correct path. The trior-
thogonal image plane uses modifiable sagittal,
coronal and axial scans which are taken in real
time to form a single image which is then pro-
jected on the patient to guide the path of the probe
along the trajectory [2]. Both the three-slice and

triorthogonal image plane methods are tools to
help improve probe placement accuracy.

High spatial resolution images allow for target
confirmation. If the StarBurst Semi-Flex® elec-
trode is utilized, an additional step must be com-
pleted to assure that the tines are evenly deployed
and are at the level of the target and that the target
has remained in the original position.
Confirmation of tine placement is achieved via
multiplanar imaging [2].

Ablation is then monitored via short tau inver-
sion recovery (STIR) T2-weighted images.
Successful ablations appear hypointense while
enhanced lesions require repeat ablation. Once
successful ablation is confirmed and probes are
removed, post-ablation T1-weighted series are
obtained to further ratify total tumour ablation,
again by the absence of image enhancement [2].
Boss et al. reported that the repositioning of elec-
trodes in tumours larger than 3.0 cm may be
required to achieve complete ablation. Gervais
et al. achieved successful MRI ablation in
tumours as large as 5 cm [18]. Advantages of
MRI-RFA include non-invasive real-time tem-
perature assessment and elimination of ionizing
radiation. Disadvantages of MRI-RFA include
lengthier procedure time, incompatibility of ECG
machines to monitor high-risk cardiac patients
during the procedure, limited workspace of gan-
try, higher cost of machine and more limited
availability, in comparison to CT. MRI-
compatible RFA machines, unlike CT, may not
be standard in all interventional radiology depart-
ments [1, 17].

6.5.3 Cone-Beam CT

Cone-beam CT-RFA uses a series of three-
dimensional cross-sectional images to help guide
the clinician along the predetermined trajectory
path. Systems available include DynaCT (Artis
Zeego, Siemens Medical Solutions, Erlangen,
Germany), Innovact (GE Healthcare, Schenectady,
NY) and XperCT (Phillips Healthcare,
Amsterdam, Netherlands). Digital fluoroscopy
coupled with these systems helps create a 3D
reconstruction of the target tissue. Via the rotation
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Fig. 6.5 Cone-beam
CT room set-up. Notice
the increased work space
for probe placement.
Screen highlights
monitor used for
fluoroscopic image
guidance of needle
placement (yellow
circles)

of the large C-arm, hundreds of images from dif-
ferent angles can be taken via rotational fluoros-
copy (Fig. 6.5). These images can then be
manipulated at the work station to create CT qual-
ity images. Additional software allows triplanar
trajectory planning for probe/needle placement
under fluoroscopic guidance. The entry point is
then projected onto the patient via a cross-hair
laser beam to guide the initial trajectory. Further
needle manipulation is enhanced by preset fluoro-
scopic targeting paths (Fig. 6.6 ) [1]. Preliminary
studies have shown comparable outcomes with
shorter procedure times and decreased radiation
exposure for patient and staff [19, 20].

Advantages of using this modality are increased
work space for probe placement, increased biopsy
and probe placement accuracy and decreased radi-
ation exposure to the patient.

6.5.4 Electromagnetic Navigation

Electromagnetic navigation (EMN) combines
and fuses pre-ablation CT scans with the EMN
field to guide placement of the probe towards the
target tissue in real time. The EMN field genera-
tor produces an alternate electromagnet field
which utilizes positioned voltage producing RFA
sensors located within small coils of the needle
[1, 11, 21, 22]. The information from the sensors
is then combined with passive fiducial markers
placed on the patient’s peripheral skin allowing
for the real-time fusion of pre-ablation CT with

the EMN system [1]. Systems which can be used
include the Veran 1G4 Plug-n-Play Delivery
System (Veran Medical, St. Louis, Mo, USA)
(Fig. 6.7) and the Aurora system (NDI, Waterloo,
Ontario, Canada) [11]. Advantages of EMN
include increased accuracy and decreased proce-
dure time. However, the implication of this pro-
cedure can be expensive in obtaining the
necessary hardware, coils and instruments [1].

6.5.5 Ultrasound CT Fusion

There are several different ultrasound CT fusion-
based systems. Similar to the EMN system
described above, US can be used in real time with
the EMN system allowing for the fusion of pre-
ablation CT, PET or US images. As in EMN, this
system measures the voltage from the RFA nee-
dle coils; however, this information is then com-
bined with in-procedure US to calculate needle
position and angle selections for probe placement
[1, 11, 21]. One system combining CT/PET
images obtained pre-ablation with intraproce-
dural US was described by Venkatesan et al.
using the PercuNav (Philips, Eindhoven,
Netherlands). In combination with the already
described EMN procedure, this system allows for
PET/CT images to be fused on real-time US to
guide the EMN tracked needle probes on the cor-
rect trajectory path towards the predetermined
target. Post-confirmatory CT scans of needle
probe placement showed a tracking error of
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Fig. 6.6 Artis Q Zeego, Siemens, Germany, is utilized for
probe placement. Movement of the C-arm aids in reposi-
tioning of the probe done under fluoroscopy. (a) Prior to
fluoroscopic realignment, the trajectory, dotted line, is not
aligned with the probe (yellow arrow) and placed in the

5.85 + 4.48 mm without adding increased proce-
dural time [1, 23]. Krucher et al. described a sim-
ilar system using EMN position tracking sensor
(Traxtal Inc., Toronto, Canada), renamed Traxtal
PercuNav (Philips Healthcare, Andover, MD,
USA) (Fig. 6.8), attached to the probe handle in
40 patients undergoing renal and liver ablations.
The average tip to target error of all ablations was
3.8 = 2.3 mm; liver-specific target error of

kidney. (b) Axial, coronal and sagittal projections of target
lesion. (¢) iGuide software (Siemens) planning allows for
needle advancement with fluoroscopic targeting. Once the
final position is attained, it is confirmed with an additional
“spin” (d) before biopsy and TA treatment

4.0 = 1.9 and renal target error of 3.4 + 2.1 were
demonstrated [21].

Hung et al. reported another US/CT or US/
MR fusion system used for the ablation of 32 vir-
tual tumours in 16 canine kidneys. This system
utilizes the Global Positioning System (MyLab
70 XVG, Biosound Esaote) which combines a
virtual navigation system with 2D US. Advantages
include the ability of US-obtained real-time two-
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dimensional images to be superimposed onto
pre-procedural-obtained CT or MR images. This
permits real-time navigation of probe position. In
this study, the average tip to target error was
1.8 mm. The virtual navigator aspect of the sys-
tem predicts the amount of tissue ablated during
the procedure allowing the provider to calculate
the amount of remaining target tissue still requir-
ing ablation. This reduces the need for subse-
quent ablation sessions. The accuracy of the
procedural calculated ablation percentage was

Fig. 6.7 Veran IG4 Plug-n-Play Delivery System (Veran
Medical, St. Louis, Mo, USA) and EMN system
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able to be determined after the animals were
euthanized and gross specimen measurements
were obtained. The performance results of the
system were found to be significant (r = 0.5;
P =0.006) [24].

An advantage to the incorporation of US is
real-time monitoring without exposure to radia-
tion or contrast. However, there are many limita-
tions. The quality of the image can become
obstructed by bowel gas, RFA produced vapor-
ization bubbles and large quantities of abdominal
fat [25, 26].

6.5.6 CameraFeedback

A camera-based system has been developed
which can be used with inoperative CT to create
areal-time three-dimensional CT image. Through
the use of two calibrated cameras, the patient’s
respiration and movement can be tracked in real
time allowing for precise placement of RFA
probes. Target error has been reported as 2 mm in
phantom and <5 mm in actual patients.

Fig. 6.8 Traxtal PercuNav (Philips Healthcare, Andover, MD, USA) ultrasound CT fusion-based system



6 Image-Guided Radiofrequency Ablation for Small Renal Masses 71

6.5.7 Robot-Guided Ablation

This technique utilizes the CT-integrated robot
(National Institutes of Health, Bethesda, MD,
and Philips Medical Systems, Cleveland, OH)
where the needle is placed mechanically along
the trajectory [22].

Hong et al. further combined US/CT with a
robotic needle holder. In this system, the align-
ment of the needle holder is robotically controlled
allowing for compensation of respiration move-
ment. The tip to target error reported in this system
was 1.7 mm [1, 27]. Furthermore, with the use of a
robot, radiation exposure to the urologist is elimi-
nated when CT fluoroscopy is used. Other advan-
tages of robotic needle placement include
enhanced precision, accuracy and steadiness,
when compared to human placement (Fig. 6.9).
One challenge presented is in the mechanism of
robotic movement which produces friction dis-
rupting the insulation sheath of the probe. Solomon
et al. are currently researching ways to improve
this limitation. Other disadvantages include avail-
ability and increased set-up time [28].

6.5.8 Laser-Guided Ablation

This technology uses heat created by 700-1200 nm
wavelength laser beam to achieve tumour ablation.
CT, MRI or US can be used to direct the laser to
the target tissue. A study conducted by Jacobi
et al. utilized a laser-guided puncture support sys-
tem  (Partner-Diagnostica, Markt-Indersdorf,
Germany). The advantage of this particular system

Actual Trajectory

Intended Trajectory

Ablation
zone
A C D
\_/ U U Tumor

Fig. 6.9 Success in image-guided TA relies on precision.
Even a misdirection of 1 or 2° can significantly impact
targeting and efficacy

is that it can be mounted on all “standard” CT
machines. The use of the laser showed a deviation
between 1.7 and 2.3 mm compared to 2.0 and
4.0 mm without the aid of the laser over the course
of 160 punctures (P < 0.5). The improved accu-
racy was especially noted in unexperienced users.
However, due to the lack of long-term studies, this
modality has limited clinical use [5, 29].

6.6 Laparoscopic RFA

Laparoscopic RFA is traditionally performed
under US guidance for anterior tumours located
within 2 cm of the bowel. The US image quality
is limited by patient size, and the technique is dif-
ficult to master. Furthermore, US-guided needle
placement is not as precise as CT-guided probe
placement. Recently, laparoscopic DynaCT has
been performed by Nozaki et al. for laparoscopic
radical nephrectomy. This technique allows for
the advanced ability to dissect and visualize the
renal hilum while providing 3D planning allow-
ing the surgeon to overcome limitations of con-
ventional CT planning. This provides better
operating room predictability and helps prevent
unexpected surgical complications.

The authors of this chapter have recently per-
formed the first known RFA ablation using laparo-
scopic thermal ablation (TA), in a hybrid operating
room, using a fixed angiographic system (syngo
DynaCT, Artis Q Zeego system, Siemens
Healthcare GMbH, Forchheim, Germany).
Patients who are not ideal candidates for partial
nephrectomy are often offered with percutaneous
CT-guided TA, as described above. In special cir-
cumstances, the tumour may be located too close
to vital structures whereby collateral damage may
occur. One option in these situations is instillation
of isosmotic fluid to displace bowel (hydrodissec-
tion). Alternatively, laparoscopic exposure and
simultaneous 3D imaging may be performed. The
laparoscopic protocol is ideal for patients with
anterior tumours located within 2 cm of the sur-
rounding vital tissue (excluding the liver). This
allows for the manipulation of vital structures
while decreasing thermal injury to the spleen,
bowel, ureter and other vital organs while further
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reducing the number of post-procedural complica-
tions secondary to thermal injury. Coupling lapa-
roscopic exposure with the DynaCT technology
provides the advantage of enhanced precision of
needle placement and decreased radiation expo-
sure to the patient and staff as compared to con-
ventional methods of targeting while avoiding
damage to surrounding structures.

6.7 Complications of RFA

As with any invasive procedure, complications can
occur and are usually decreased as technology
improves and user experience increases. In general,
TA offers significant safety as compared to other
forms of NSS. Sterrett et al. described the results of
a multi-institutional review for the long-term treat-
ment outcomes of CA and RFA treatment of SRM
compared to PN. The complication rate for PN was
13.7% compared to 8.3% for RFA [4]. Bleeding or
post-ablation haemorrhage is the most common
major complication observed in TA procedures.
RFA which is haemostatic is associated with very
infrequent bleeding complications. Haemorrhage
is seen much more frequently as a complication of
CA procedures when compared to RFA, especially
for tumours >3 cm [30]. Ureteral or renal pelvic
injury may also occur. TA if extended outside of
the target tissue into the collecting system can
result in urine leakage. Furthermore, ureteral injury
secondary to stricture can result in hydronephrosis.
Other complications include bowel injury, pneu-
mothorax, tract seeding (risk <0.01%) and genito-
femoral nerve injury, although less common.
Injection of saline or 5% dextrose solution to dis-
place the bowel is utilized by some interventional
radiologists in order to increase spacing, thus limit-
ing thermal injury. Unfortunately, this is not always
successful technically [31].

6.8 Post-procedural Follow-Up

Success is defined by local recurrence and
enhancement on imaging follow-up done by
either MRI or CT imaging [5]. MRI serial images
avoid the compounded effects of ionizing radia-
tion over the post-ablation surveillance period.

The ablation zone appears hypointense on
T2-weighted and STIR images and hyperintense
on Tl-weighted images [2]. Follow-up by CT
scan does subject the patient to ionizing radia-
tion, and success is guided by <20 HU enhance-
ment and no evidence of growth in the ablation
zone [4]. Currently there is controversy in the
literature about how often post-ablation surveil-
lance should be conducted. Most investigators
recommend follow-up images be performed 3, 6
and 12 months’ post-ablation then yearly thereaf-
ter for up to 5 years [25]. The AUA Guidelines on
imaging after NSS, specifically post PN, call for
imaging annually for a minimum of 3 years, for
low risk, and 5 years, for high risk [32].

6.9 Long-Term Follow-Up

Several studies have matured to demonstrate long-
term efficacy very comparable to that of PN for
SRM. Recently, Olweny et al. showed that the
5-year oncologic outcomes of RFA vs. PN in Tla-
treated patients with RCC were similar, both hav-
ing a cancer-specific survival rate greater than
95% [9]. However, PN still remains the standard of
care secondary to the lack of studies demonstrat-
ing long-term outcomes of TA. With the improve-
ment of provider experience and the increased
availability of long-term outcome studies, TA is
becoming more widely accepted as a potential
alternative for the treatment of solid SRM.

6.10 Other Ablative Techniques
6.10.1 Cryotherapy

CA, a form of hypothermic TA, induces cellular
death via the freeze-thaw cycle using the Joule-
Thomson principle. Cellular freezing is achieved
via probe-delivered pressurized argon gas resulting
in cellular dehydration and membrane rupture when
temperatures reach between -30 and -40 °C. Tissue
damage results in the formation of an ice ball which
can be visualized by ultrasound guidance.
Subsequent reperfusion injury occurs in the thaw-
ing stage, induced by helium, causing microcircula-
tory failure and small vessel thrombosis.
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6.10.2 Microwave Ablation

MWA achieves cellular death through frictional
heating produced by electromagnetic waves. A
wavelength frequency between 300 MHz and
300 GHz is required to generate tissue necrosis
via the high-speed movement of water molecules
within the ablation zone. The rotation of water
molecules results in the absorption of heat lead-
ing to cellular death and ablation. An advantage
of MWA is the ability to achieve successful abla-
tions in tissues with previous thermal damage,
low thermal conductivity and/or high impedance.
A disadvantage of MWA is that the technique
produces a larger ablation zone compared to
RFA, thus limiting its clinical use in anteriorly
located tumours.

6.10.3 Irreversible Electroporation

IRE, a nonthermal ablative technique, causes cel-
lular death and apoptosis via a contained electri-
cal force field produced between percutaneously
placed probes. The high-voltage electrical current
produced increases the permeability of the cell
membrane, disrupts the electrochemical gradient
and results in apoptosis. The end result of apopto-
sis is achieved when the amperage and voltage of
20-50 A and 1500-3000 V are attained. The main
advantage of IRE is that apoptosis is not the prod-
uct of thermal damage or coagulative necrosis. As
a result, this tissue-sparing modality can be uti-
lized for masses in close proximity to vital organs.
Additionally, IRE allows for the ability to delin-
eate the ablation zone while avoiding the heat-
sink phenomenon. Since IRE is rarely performed
for renal masses, there is limited data on its long-
term effectiveness and follow-up.

Conclusion

Although PN is currently the standard of care
for the management of SRM, image-guided
TA through laparoscopic and percutaneous
approaches is gaining support as technology
expands and long-term studies are conducted.
TA, in our opinion, is the future gold standard
of SRM treatment protocols. Improvements in

imaging modalities with ease of targeting to
improve accuracy are being developed and
perfected. With increased access, training and
automation, TA will become a common prac-
tice. As more hospitals begin to integrate
advanced imaging into “HYBRID” operating
rooms, it is felt that possibly more surgeons
will be performing these procedures as they
broaden their armamentarium.
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