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clinical results.

Methods: Using Medline, a systematic review was performed including articles published
between January 2000 and September 2016. English language original articles, reviews and
editorials were selected based on their clinical relevance.

Results: MWA has several theoretical advantages over radiofrequency ablation in consistently
providing higher intratumoral temperatures. MWA is less dependent of electrical conductivities
of tissues and the delivered energy is less limited by desiccation of heated tissues. While there
are insufficient data, especially because of a lack of studies with mid- to long-term follow-up,
to determine the oncologic effectiveness of MWA, this technique appears safe and effective
for the ablation of T1 renal tumors. There is evidence for using mid-level settings based on
experimental and clinical data. Power set at 50—65W for 5—15 min appears adequate in kidney
but close clinical and imaging follow-up have to be performed.

Conclusion: Renal MWA offers theoretical advantages by comparison with other available tech-
niques to treat renal tumors. However, MWA suffers of less cumulative data compared to
radiofrequency ablation or cryoablation. Moreover, microwaves still require further studies to
identify the optimal tumor characteristics and device settings leading to predictable ablation.
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The early detection of small renal tumors, often in
a non-metastatic stage, has considerably modified the
management of renal cell carcinomas (RCC) [1—3]. The
development of nephron-sparing techniques and ablative
therapies are now the standard option for the curative
treatment of T1 RCC (<7cm) [4]. For patients with small
renal cancers who are not amenable to surgery, because
of advanced physiological age, comorbidities, or already
precarious renal function, the percutaneous approach using
thermal ablation is gradually predominating [5]. As conven-
tional ablative techniques such as radiofrequency ablation
(RFA) or cryoablation may present limitations in terms of
efficacy for tumor greater than 3—4cm [6,7], new technolo-
gies such as microwave ablations (MWA) appear particularly
appealing in this context [8,9].

MWA has several theoretical advantages over RFA because
it consistently provides higher intratumoral temperatures,
is less dependent on electrical conductivities of tissue and
because the energy delivery is less limited by the expo-
nential rising electrical impedances of heated tissue [10].
However, MWA suffers of less cumulative data in terms of
results by comparison with RFA or cryoablation. Evidence
for long-term oncologic efficacy is still lacking.

The purpose of this narrative review was to identify
the specific technical considerations to adequately perform
MWA of renal tumors and analyze the currently available
clinical results.

Evidence acquisition

A systematic Medline/PubMed® literature search was per-
formed with different combinations of terms as ‘"MWA,’’
“‘microwave,’’ ‘“‘kidney,’”’ ‘‘renal cell carcinoma,’’ ‘‘renal
tumor.’”’ Time period included articles published between
January 2000 and September 2016. Original articles,
reviews and editorials were selected based on their clin-
ical relevance. Cited references from selected articles
were analyzed to find and include significant papers previ-
ously excluded from our search, including articles published
before 2000.

Microwave technology

Microwaves are electromagnetic radiations with wave-
lengths ranging from one meter to one millimeter
corresponding to frequencies between 300-MHz (100cm)
and 300-GHz (0.1 cm). Differently to RFA, which uses ion
flow to produce tissue-heating effects, the oscillation of
polar molecules producing frictional heating such as water
is obtained by microwave exposure, ultimately generating
tissue necrosis within solid tumors. At these frequencies,
directional changes of water molecules occur 2—5 billion
times per second [11]. Microwaves propagate through many
types of tissue, even those with low electrical conductiv-
ity, high impedance, or low thermal conductivity [12]. In
particular, microwaves can penetrate through the charred
or desiccated tissues, which tend to build up around all
hyperthermic ablation applicators.

Relative permittivity and effective conductivity are the
two most important properties to consider for MWA [13].

Permittivity is a material property that affects the Coulomb
force between two point charges in the material. The rela-
tive permittivity of a material is its (absolute) permittivity
expressed as a ratio relative to the permittivity of vacuum
and may be considered as the factor by which the electro-
magnetic field between the charges is decreased relative
to vacuum. It may correspond to how well a material will
accept an electric field. Relative permittivity determines
the wavelength of an applied field at a given frequency,
which impacts how well energy will propagate through the
tissue and how the antenna is designed [13]. Higher degrees
of permittivity lead to shorter wavelengths. Because permit-
tivity is greater in tumoral tissues than in normal tissues, a
better diffusion of microwaves is obtained in tumors [14].
It means that marked differences in permittivity between
tumors and surrounding tissue may allow better treatment
with MWA.

Effective conductivity corresponds to how well the tis-
sue will absorb microwave energy. High water content
increases conductivity but absorbs microwaves [13]. Low
water content decreases conductivity while increasing the
microwave propagation. In the kidney, the high electri-
cal conductivity of kidney allows faster microwave energy
absorption but reduces field penetration. However, heating
may increase progressively the propagation of microwaves
by producing desiccation of tissue and then reduction of
conductivity [13].

However, only few data on temperature-dependent
dielectric properties of kidney are available in the fre-
quency range of MWA and for various conditions [15]. Fu
et al. studied frequency-dependent dielectric properties of
various tissues including normal kidney for a range of tem-
perature and frequency (36—60°C, 42—468 MHz) [16]. The
dielectric constant and the conductivity obtained at the
same temperature and frequency ranges were 37.3—169.26
and 0.8061—1.3625 S/m. At 2.45GHz and 37°C (1.5cm
wavelength), relative permittivity was estimated at 52.8,
effective conductivity at 2.43 S/m [13]. Relative permittiv-
ity and conductivity measurements made at 915MHz and
2.45GHz during thermal ablation tended to drop quickly
in all cases when temperatures reached 100°C and contin-
ued to drop as temperature was maintained and the tissue
became more dehydrated [17]. Further studies including
evaluation of tumoral tissue are mandatory and may help
to better establish the most adequate settings of MWA.

Thermal profile of MWA

Compared to RFA, MWA creates larger ablation zones than
does a similarly sized RF applicator for similar application
time ex-vivo or in preclinical animal model [10]. Temper-
atures of 160—180°C are often observed with MWA and
temperature increasing is faster than that observed with
RFA [10,13,18]. The energy deposition is therefore higher
with MWA; less susceptible to heat-sink effect and thermal
diffusion. However, thermal diffusion remains depending of
tissue characteristics, which may change substantially dur-
ing heating [13].

Heat transfer in tissue can be modeled using the so-called
bioheat transfer equation [19]. The cumulative equiva-
lent minutes at 43°C (CEM43) is the accepted metric for
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thermal dose assessment that correlates well with thermal
damage in a variety of tissues [20]. While this reference
temperature of 43°C has been arbitrarily chosen to con-
vert all thermal exposures to ‘‘equivalent-minutes’’ at this
temperature, the CEM43 model is a simple concept that
translates all different temperature—time histories to a sin-
gle number representing a ‘‘thermal isoeffect dose’’ [21].
He et al. heat-treated pig kidney at CEM43 between 70
and 7.2 x 10* min using microwaves [22]. On days 2 and 7,
consistent tissue damage in the heated region ranged from
thermal fixation to coagulative necrosis, and was observed
at all doses with histology. However, in the kidney, CEM43
below 20 min causes only acute minor thermal damage [23].
While correlations with MW settings such as power and time
and CEM43 have to be performed, these results suggest that
adequate renal MWA leads to increase time and/or power
in order to reach CEM43 >70min and to observe consistent
tissue damage.

Authors have recently proposed new quantitative meas-
ures, such as ‘‘ablation work’’ and f‘ablation resistance
score’’ in treated lung tumors to better analyze thermal
ablation zones and to improve treatments in this complex
and heterogeneous patient population and tissue environ-
ment [24,25]. By measuring the total amount of work as a
summation of applicator power and time product over dif-
ferent phases of the ablation, the ‘‘ablation work’’ may help
to standardize the ablation zone calculation and to improve
the understanding of the effects of tissue type, tissue per-
fusion, adjacent heat sinks, and dielectrical effects and how
all of these affect the specific absorption rate of microwave

energy during thermal ablation [25]. In further studies, this
metric has to be tested in kidneys and may be correlated
with CEM43.

Impact of water content of renal tissue

With the evolution of the systems and the use of ceramic
antenna, MW efficiency remains more and less similar what-
ever the temperature for a normal use. However, many
factors may theoretically affect the electrical, thermal and
mechanical properties of tissue. The most important thing
to consider for MWA is the water content of tissue. Elec-
trical properties are dramatically changed when a tissue is
heated and temperatures reach 100°C or above [13]. Water
boils and escapes as gas, leading to tissue desiccation. While
RF current cannot generally pass through tissues heated
above 100°C because water needed for ion flow is boiled off
increasing therefore the impedance, microwaves are usu-
ally not affected (Fig. 1) [26]. Microwaves pass through the
tissue or gas and may produce heating at any temperature
or water content [27]. It explains therefore the reason for
improved performance with the use of microwave energy:
power is continuously deliver over a target volume during
all the treatment sessions [13]. However, thermal injuries of
cells occur at temperatures above 50°C, which may affect
the electrical properties of the tissue [26,28].

To summarize, the high water content of the kidney
increases initially the heat generation rate while reduc-
ing the electromagnetic field penetration. However, the

Figure 1.

Seventy-nine-year-old man with clear cell carcinoma of the left kidney. A. CT image in the transverse plane obtained after

intravenous administration of iodinated contrast material reveals a solid, 35-mm large, clear cell renal carcinoma (arrow) of the left kidney
with heterogeneous enhancement. B. A single microwave antenna was inserted into the tumor under CT guidance and general anesthesia.
The settings for this ablation were power 75W and time 11 min. A carbodissection of the perirenal space was performed. C. Gas is observed
within the tumor on CT monitoring performed every 2 minutes. D. Follow-up CT scan 3 months after microwave ablation shows the ablation

zone. No recurrences were observed during an 18-month follow-up.
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microwave propagation changes during ablation since the
permittivity and conductivity tend to decrease as tissue
becomes dehydrated or injured [17]. This finding suggests
that propagation of MW and then the ability of MW to heat
a tissue may be therefore improved late in the boundaries
of the ablation zone if time of application of MW energy is
sufficiently long.

Other considerations

As the kidney is a relatively highly perfused organ (perfusion
rate: 3—4 L/min kg), perfusion may affect the ablation vol-
ume by sinking heat away from the ablation zone periphery
[29]. This is particularly true for tumor close to the renal
sinus, next to large vessels or collecting system [30]. As
this thermal convection corresponds to the dissipation of
heat by a fluid across heated tissues, it may be linked either
to the microcirculation or to the macrocirculation. For the
microcirculation, the term of ‘‘heat sink effect’’ is used. It
explains the difficulty to heat tumors that are contiguous to
vessels measuring more than 2 to 3 mm. Limited in liver, this
effect has not been clearly studied in kidneys but should be

higher [31,32]. Although vendor charts describe MWA zones
to be ellipsoid, actual ablation zones observed in vivo are
often not ellipsoids and may be related to this heat-sink
effects as well as tumor (or tissue) inhomogeneity. There-
fore, while the fast heating of microwaves may more and
less overcome the negative effects of perfusion, it remains
still a challenge to predict the limits of ablation (Fig. 2).
On the boundaries of MWA, a steady state is obtained: the
rate of heat lost to perfusion and to a lesser extent to dif-
fusion is greater than the rate of heat generated at ablation
zone periphery [29]. A thermal equilibrium is then obtained,
which depends on the distance from the electrode, the type
and quantity of energy delivered, and the length of treat-
ment and type of tissue as well as its vascularization [8].
Further evaluations have to be performed in order to iden-
tify this thermal equilibrium in the kidneys and to compare
these findings with the thermal injuries truly obtained after
MWA. To overcome this uncertainty and as proposed for RFA,
obtaining larger zones of active heating increasing thermal
gradient may limit the effect of perfusion [33]. For this
purpose, longer active zone or several probes may be used
simultaneously [34]. Stopping the blood flow using balloon
catheter may also be an option [35].

Figure 2.

Seventy-eight-year-old man with clear cell carcinoma of the left kidney. A. CT image in the transverse plane obtained after

intravenous administration of iodinated contrast material reveals a solid, 37-mm, clear cell renal carcinoma (arrow) of the left kidney with
heterogeneous enhancement. B. Two microwave antennas were inserted into the tumor under CT guidance and general anesthesia. The
settings for this ablation were power: 90 W (45W each antenna) and time: 10 min. A carbodissection of the perirenal space was performed.
C. After microwave ablation, the shape of the ablation remained relatively linear (dashed arrow). Heterogeneous enhancement is observed
at the boundaries of the ablation zone so that early control was planned to detect early recurrence or incomplete treatment. D. Dynamic
fat-attenuated T1-weighted MR image (3.9/1.8/10°) obtained after intravenous administration of a gadolinium chelate one month later
shows residual tumor tissue close to the renal pelvis (arrowhead). Additional radiofrequency ablation was performed to treat residual

tumor.
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Available techniques for MWA

Several microwave systems are commercially available
worldwide [12,36]. Power is generated using either mag-
netron or solid-state sources. The systems use either a
915-MHz or a 2450-MHz generator as allowed by the Federal
Communications Commission. These frequencies are much
higher than radiofrequency and allow microwave antennas
to emit in the body without ground pads. While 915 MHz fre-
quency suggests deeper field penetration, no comparisons
have been performed to date with the 2.45-GHz frequency
for large-volume ablation in the kidney.

Microwave power is carried from the generator to the
antenna through coaxial cables, often rigid, due to power
handling — the ability of a cable to safely transfer power
without overheating or failure — and the frequency of
the applied microwave power [37]. The MW antennas are
straight applicators with active tips ranging in lengths from
0.6 to 4.0cm and are available in several diameters or
lengths. Antenna properties include both the radiation pat-
tern and reflection coefficient, or return loss. This later
has to be as lower as possible to maximize energy transfer
from the antenna into the tissue. Therefore, MW antenna
design is a balance of power efficiency, tissue heating pat-
tern, and antenna diameter with design tradeoffs necessary
to produce a specific desired result [12]. Energy reflected
from the antenna reduces tissue heating, while increasing
unwanted heating of the antenna shaft and risk of skin burn.
Several antenna designs are available to reduce return loss
and focused energy radiation [37]. Then, using a centrifu-
gal method, energy dissipates towards the periphery from
a single applicator inserted into the center of the targeted
tumor [9]. In some cases, an overlapping ablation strategy
may be required in order to treat the whole lesion with suffi-
cient margins. This may be achieved by multiple reinsertion
of a single device or by using several applicators. Multiple
antennas can be operated simultaneously in close proximity
without switching [34]. As antennas may be positioned and
phased to exploit overlap of the electromagnetic field, abla-
tion strategy involving centripetal convergence of energy
from the periphery towards the center of the tumor may be
performed [9,12].

During the last few years, several evolutions have been
observed, as some of the limitations of the earlier genera-
tion devices had been unpredictable size and shape of the
ablation zones across the different tissue types. Heating pre-
cision was limited by the 2—4cm wavelength penetration
of microwave energy in tissue and rapid heating associ-
ated with high temperatures were sometimes an issue safety
when applied over a large volume [37]. First-generation sys-
tems lacked active antenna cooling but operated at low
power. Burns were observed as a rapid heating along the
entire length of the antenna was observed. Optimization
of generator power and antenna cooling capabilities have
been proposed [38]. Second-generation systems had active
antenna cooling but still operated with a low-power genera-
tor. Unpredictable ablation volume was therefore obtained
limiting the clinical efficacy while increasing the risks of
complications locally if inadequate settings were used.
Third-generation systems have now both active antenna
cooling and high-power generators. The antennas are inter-
nally cooled with either room-temperature fluid or carbon

dioxide. It reduces conductive heating along the needle path
and prevent possible skin damage [39]. Moreover, several
technologies have been proposed in order to obtain more
precise and predictable ablation volume by adjusting the
energy delivery. Field and wavelength control, in addition of
thermal control, maintain a precise, predictable and spher-
ical ablation zone throughout the procedures [40,41]. The
antennas have now a geometry that focuses energy at the tip
of the device generating a precise spherical electromagnetic
field (so-called field control). The synchronous wave align-
ment may allow non-parallel placement and avoid skipping
when using multiple antennas. This system entails a tempo-
ral synergy between the multiple antennae inducing a single
large area of the ablation areas produced from every single
device.

Results of experimental studies

Experimental studies performed in porcine kidneys have
reported the feasibility of MWA as well as the patho-
logical characteristics according to several experimental
settings. Sommer et al. studied two methods of perform-
ing MWA: power control versus temperature control [42].
Microwave ablations performed with temperature control
showed fewer system failures and were finished faster. Both
ablation modes demonstrated no significant differences with
respect to ablation geometry. Compared to RFA, MWA cre-
ated larger ablation zones in normal porcine kidneys than
RFA with similarly sized applicators [43]. Single-antenna
microwave ablation zones were significantly larger than
single-electrode RF zones (P=0.03). No significant differ-
ences were detected between single-antenna microwave
and multiple-electrode RF.

Renal tissues after MWA are thoroughly necrotic [44].
Coagulative necrosis is observed in coagulation area, though
there are residual profile of glomerulus, renal tubular and
vessels, they had lost activity. Most of the tissues in tran-
sition zone are normal, however, some cells were swelling
because of thermal damage. Hope et al. tested in vivo sev-
eral independent variables such as power (20, 30, 40, 45, 50,
60W) and time (2, 4, 6, 8, 10, 15, 20 min) [45]. While the out-
come variable, ablation diameter, was affected significantly
by time, power, and time/power interaction (P<0.0001),
ablation sizes at 45, 50, and 60 W were not significantly dif-
ferent at each time point. Therefore, authors recommended
use at 45 W for 10 min. Bartoletti et al. reported similar rela-
tion to both power and time of exposure with size of ablation
[46]. Again, the 50W power particularly induces necrotic
renal lesions as a function of the time of exposure. These
conclusions appear concordant with the technical consid-
erations for renal ablation with MW: the ablation volume
is related to the propagation of energy into the kidney,
which may be increased at the periphery if heating is suffi-
ciently long. However, close to the collecting system, the
ablated zones at 45W for 3, 5, and 10 minutes interval
appeared inconsistent for Moore et al. [47]. The antenna
tract was charred, the collecting system was damaged, and
there was asymmetry of the zones of ablation. Histolog-
ical analysis revealed coagulative necrosis in the area of
the ablation with sloughed and denuded urothelium. The
authors concluded that MWA of the kidney yields inconsistent
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geometrical lesions when applied near the renal collecting
system. For the authors, the increased water content in the
collecting system resulting in damage to it may preferen-
tially absorb microwave energy. These later results have to
be considered when performing a MWA in tumor centrally
located and settings have probably to be adjusted.

Although not evaluate in kidneys, Ahmed et al. showed
that hepatic MWA promoted periablational inflammation and
increased distant tumor growth similar to RFA in an animal
tumor model [48,49]. However, the authors suggested that
higher-power, faster heating protocols may potentially miti-
gate such undesired effects [49]. These considerations have
to be explored in renal tissue in further studies.

Clinical results

Procedures

After an adequate hydro- or carbodissection, most of the
studies reported that duration of the ablation cycle depends
upon the time necessary for gas to cover the index tumor
and to observe circumferential 5mm margin surrounding
the tumor [5,50]. Vaporization is most prevalent in the
central part of the ablation zone where highest tempera-
tures are present but gas diffuses along the temperature
gradient [51]. After MWA, ablation zones are significantly
smaller than the pretreatment tissue dimensions mostly due
to water dehydration but also collagen shrinkage (Fig. 3)
[52]. The total ablation volume may decrease up to 45% with
a greater tissue contraction near the center but lower at
the edge of the ablation zone [52]. Contraction rate peaks
early following an exponential curve, with the greatest rates

occurring in the first 60 s, and decays over time. A decrease
in density of the tumor and surrounding tissue such as fat
may be also expected due to the desiccation (Fig. 3). As a
routine, the MW generator is initially powered at 50—65W
for a single antenna for a prescribed time of 5—10min
[50,53,54], which may be secondarily adjusted. Initial sett-
ings depend on tumor location, tumor size and the expected
margins. When phased constructively, heating increases pro-
portional to the square of the number of antennas, allowing
more efficient heating and generation of higher tempera-
tures when compared to a single antenna [12]. Therefore,
for a MWA procedure with several antennas, the power of
each single antenna has to be decreased in order to obtain
an overall power concordant with the tumor volume.

An intermittent follow-up is performed either using
computed tomography (CT) or ultrasound every 2—3min
[50,53,54], If the tumor and margins are covered prior to
the prescribed time, the ablation cycle is terminated and
the antenna removed. However, if the tumor and margins
are not adequately covered with the initial ablation cycle,
additional time is often prescribed or the antennas repo-
sitioned and powered again. Some researchers proposed
alternatively to perform a short boost using higher sett-
ings (100—120W) for a short time (less than 5min) after a
first heating. Again, an intermittent follow-up is performed
either by CT or ultrasound to identify the margins.

Safety and efficacy

The clinical results of MWA are summarized in Table 1.
The feasibility of MWA on human renal tissue was ini-
tially described in 2007 by Clark et al. [55]. This study

Figure 3.

Eight-four-year-old man with clear cell carcinoma of the left kidney. A. CT image in the transverse plane obtained after

intravenous administration of iodinated contrast material reveals a solid, 31-mm, clear cell renal carcinoma (arrow) of the left kidney with
heterogeneous enhancement. B. One single microwave antenna was inserted into the tumor under CT guidance and general anesthesia. The
settings for this ablation were power: 75W and time: 12 min. A carbodissection of the perirenal space was performed to remove the small
bowel from the ablation zone. C. Gas is observed within the tumor on CT monitoring performed every 2 minutes. D. Final control CT image
shows tumor shrinkage. Fat surrounding the tumor (arrowhead) is markedly hypoattenuating due to fatty tissue desiccation. No recurrences

were observed on subsequent imaging follow-up.



Table 1 Clinical results of microwave ablation of renal tumors.
Authors [ref. Year Patients/ Mean tumor  Technique used Mean ablation Follow-up Complications Outcomes
number] Tumor size? (mm) volume (cm?3) (months)?® according
[range] [range] Clavien-Dindo
classification
Clark et al. 2007 10/10 [39—110] Laparoscopic, 915 MHz, Single probe: — — Tumors were surgically
[55] VivaWave (Vivant Medical) 15 cm? (4—-27.7) removed
1—3 probes Three-probe
60W/10 min array: 56 cm?,
(31.5—-78.8)
Carrafiello 2010 12/12 20 Percunatenous, 915 MHz, 17.2 cm?® Mean: 6 1 grade | (pain) Technical success:
et al. [57] [17—29] VivaWave (Vivant Medical) (10.2—25.1) [3—14] 100%
1—3 probes Clinical effectiveness:
45W/10 min 100%
Castle et al. 2011  10/10 36.5 Laparoscopic or — Mean: 17.9 6 grade | (pleuritic 38% recurrences
[58] [20—-55] percutaneous, 915 MHz, [14—24] chest pain, skin burn, identified at 3, 4, and
Valleylab Evident MWA fever of unknown 21 months
system (Covidien) origin, hematuria,
1—3 probes genitofemoral
45W, 10—35min, percu neuralgia, and flank
pain)
3 grade Il (urinoma,
necrosis of
ureteropelvic junction,
foreign body)
Guan et al. 2012 48/48 31 Laparoscopic, 2450 MHz, = Mean: 32 4 grade | (pain) 2 incomplete ablations
[60] [12—39] KY-2000 MWA system [24—54] 1 grade Il (hematuria) (4.2%)
(Kangyou Medical Instrument) 1 grade Il (urine leak 2 recurrences (4.2%)
1 probe and abcess) RFS: 91.3%
50 W/8 min secondarly (74.7—97.2), DSS: 100%
adaptated on temperature
Yu et al. [54] 2012 46/49 30 Percutaneous, 2450 MHz, — Median: 1 grade Il (hematoma)  Metastasis FS: 100%
[6—77] KY-2000 MWA system 20.1 1-, 2-, and 3-year LTP:
(Kangyou Medical Instrument) [4—58.9] 4.6%, 7.7%, and 7.7%
1 probe 1-, 2-, and 3-year DFS:
50.2 (£2.9) 95.4%, 92.3%, and

W/8.4 (£4.1, 2.5—25.5) min
secondarly adaptated on
temperature

92.3%
DSS: 100%
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Table 1 (Continued)
Authors [ref. Year Patients/ Mean tumor  Technique used Mean ablation Follow-up Complications Outcomes
number] Tumor size? (mm) volume (cm?3) (months)? according
[range] [range] Clavien-Dindo
classification
Yu et al. [59] 2014 65/69 27 Percutaneous, 2450 MHz, — Median: 2 grade Il (hepatic Technical success:
[6—40] KY-2000 MWA system 20.3 encephalopathy, 100%, 1-, 3-, and
(Kangyou Medical Instrument) [4.3—75.2] urinary fistula) 5-year metastasis-free
1 probe survival: 97.9%, 87.4%,
50 W/10 min secondarly 65.5%, 1-, 3-, and
adaptated on temperature 5-year specific survival
rates: 97.1%, 97.1%,
97.1%
Moreland 2014 53/55 26 [8—40] Percutaneous, Certus 140 Tumor volume Median: 8 5 grade | (urine No recurrences
et al. [53] (NeuWave Medical) decreased by a  (IQR: retention, fluid
1—3 probes, 65W/5 min median of 52% 5—18.25) overload, atrial
(5-7) (IQR 36%—67%) fibrillation)
on immediate 1 grade Il (hemorrhage)
postablation CT
Linetal. [61] 2014 14/16 31.5 [10—84] Percutaneous, 2450 MHz, — Median 9.5 5 grade I-Il (pain, 93.8% complete
KY-2000 MWA system [1-56.4] hamatoma, hematuria) ablation,
(Kangyou Medical Instrument) cancer-specific
1 probe survival rate: 85.7%
50 W/10 min secondarly
adaptated on temperature
Wells et al. 2016 29/30 Median: 31 Percutaneous, Certus 140 — Median: 12 1 grade | (urine leak) Technical success: 97%
[50] (IQR: 23—38) (NeuWave Medical) [IQR: 6—18] 2 grade Il (pneumonia, No recurrences

1-3 probes, 65W/5min (IQR

4-6.25)

cystitis)

LTP: 0%
Cancer specific
survival: 97%

RFS: recurrence free survival rate; DFS: disease specific survival rate; DSS: disease specific survival; LTP: local tumor progression; 95% Cl: 95% confidence interval; IQR: interquartile

range.

@ Numbers in brackets are ranges unless specified.
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demonstrated the capability of microwave to destroy renal
lesions up to 5.7cm. Soon after, Liang et al. treated
12 patients with renal cell carcinomas (1.3—3.8 cm in diam-
eter) with microwave and found complete ablation in a
single session with no residual or recurrent tumor at a
median follow-up of 11 months [56]. While Carrafiello
et al. reported a 100% efficacy after ablation of 12 exo-
phytic renal tumors less than 3cm for a mean follow-up
of 6 months (3—14), Castle et al. reported 38% recurrence
rate at 18 months follow-up (mean tumor size: 3.65cm;
range: 2—5.5cm) [57,58]. In addition, 20% of patients expe-
rienced a grade 3 complication. These results may be
related to the first-generation material used. Recently, in
a retrospective review of 29 consecutive patients with a
total of 30 RCC (23 T1a; 7 T1b), a technical success was
achieved for 22 T1a (96%) and 7 T1b (100%) tumors using a
third generation system [50]. No local tumor progressions
as well as no severe complications were observed during
a median imaging follow-up of 12.0 months (interquartile
range [IQR]: 6—18 months). Only three (10%) Clavien-Dindo
grade I—-Il adverse effects were detected. Similarly, Yu
et al. retrospectively reviewed intermediate-term (median:
20.1 months) clinical outcomes after ultrasound-guided MWA
in 46 patients with 49 RCC nodules (diameter: 0.6—7.7 cm)
[54]. Technical effectiveness was achieved in 48 of 49
(98.0%) tumors, and the metastasis-free rate was 100% (46
of 46). The 1-, 2-, and 3-year local tumor progression rates
were 4.6%, 7.7%, and 7.7%, respectively while the 1-, 2-,
and 3-year disease-free survival rates were 95.4%, 92.3%,
and 92.3%, respectively. No major complications occurred.
The authors showed that tumor number (P=0.046), tumor
growth patterns (P=0.003), and ablation time (P=0.04)
were independent unfavorable prognostic factors in a
multivariate analysis. After comparison with open radi-
cal nephrectomy (ORN), the same team showed that MWA
had similar results [59]. A total of 163 patients (127 men
and 36 women) with small RCC (<4cm) were included:
65 patients underwent MWA and 98 patients underwent ORN.
RCC-related survival was similar to that of ORN (P=0.78)
and estimated cancer-related survival, estimated 5-year
rates were 97.1% after MWA and 97.8% after ORN. There
was one local tumor recurrence 32 months after MWA
and none after ORN. Major complication rates were sim-
ilar (P=0.81) between the two techniques (MWA, 2.5%
vs. ORN, 3.1%). The MWA group had less surgical time
(P<0.001), estimated blood loss (P<0.001), and postopera-
tive hospitalization (P<0.001). A prospective randomized
comparison of intermediate-term outcomes of patients
with small renal tumors who were treated with partial
nephrectomy (PN) or microwave ablation was performed
by Guan et al. [60]. Among the patients treated, 54 had
either open (n=19) or laparoscopic (n=35) PN and 48
had laparoscopic (n=28) or open (n=20) microwave abla-
tion. Estimated blood loss, complication rates, and decline
of postoperative renal function were significantly less in
the microwave ablation group (P=0.0002, P=0.0187, and
P=0.0092, respectively). The overall local recurrence-free
survival at 3 years were 91.3% for microwave ablation
and 96.0% for PN (P=0.5414). Moreland et al. reported
the outcomes after 53 consecutive MWA in 53 patients
with biopsy-proven RCC <4cm (55 tumors) [53]. The mean
tumor diameter was 2.6 cm (range: 0.8—4.0cm). During the

follow-up (median: 8 months; IQR: 5—18.25), no patients
demonstrate evidence of local recurrence or metastasis.
Six low-grade complications (11.3%) were recorded: five
Clavien-Dindo grade | (urine retention, fluid overload, and
atrial fibrillation) and one grade Il (hemorrhage requiring
transfusion). The postprocedure estimated glomerular filtra-
tion rate was not significantly changed from preprocedure
levels (median: —1.1%, P=0.10). Interestingly, Lin et al. also
demonstrated the preservation of renal function in 14 soli-
tary renal tumors treated by MWA [61].

Conclusion

While there are insufficient data and studies with mid- to
long-term follow-up are currently lacking to determine its
oncologic effectiveness, MWA appears safe and effective
when ablating T1 RCC. There is evidence to use mid-level
settings. Based on experimental and clinical data, power
set at 50—65W for 5 to 15min appears adequate in kid-
ney but attentive clinical and imaging follow-up have to be
performed. Clinical studies are now mandatory on a larger
scale and using different systems before drawing definitive
conclusions [62].
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