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Outline
•

Microwave thermal ablation in oncologic and interventional radiology

•

Clinical gaps and research challenges
•

MWA physical modelling
• Changes in tissue dielectric properties with temperature
• Changes in tissue thermal properties with temperature
• Tissue contraction during microwave ablation
• Numerical models for MWA simulations

•
•

Non-invasive thermometry

Conclusions and Future perspectives

Microwave thermal ablation (MWA)
Electromagnetic energy at MW frequencies (915 MHz, 2.45 GHz, …) is used to
achieve very high temperature increases (> 55-60 °
C, up to 100 °
C) in target tissue
location inducing almost instantaneously coagulative necrosis

Minimally invasive
technique
(interstitial antennas)
Clinical applications:
• cardiac arrhythmias
• endometrial disorders
• tumours (interventional oncology)
MWA has shown a rapidly increasing
trend in oncologic and interventional
radiology (largely employed for
potential eradication of HCC and
other secondary liver tumours)

MW ablated area up to
5-cm diameter (singleneed/single-ablation)
can be achieved

Larger lesions can be
treated by multi-probe
or overlapping ablations

MWA treatment planning
MWA treatment planning is based on the definition of the MW power radiated by
the antenna applicator and of the time of irradiation in order to achieve an ablated
zone sufficiently wide to cover all the cancerous tissue plus a safety margin of
about 5-10 mm.
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Dedicated MWA clinical protocols
not yet established.
Ultimate treatment planning still left
to the experience of the physician!
Courtesy of HS Hospital Service S.p.A.

Clinical gaps and research challenges

Changes in tissue dielectric properties

Lopresto et al,
Phys. Med. Biol. 2012

2.45-GHz MWA ex vivo (30 W, 10 min)

Models of tissue dielectric properties
as a function of temperature
2.45-GHz MWA ex vivo (40 W, 10 min)

Ji and Brace, Phys. Med. Biol. 2011
Lopresto et al, Int. J. Hyperthermia 2014

Model valid for 2.45 GHz.
What about other frequencies?

Model of water vaporisation

Loss of tissue water content as a function of temperature
Cavagnaro et al, Phys. Med. Biol. 2015 (derived from Yang et al, IEEE Trans on Biomed. Eng. 2007)
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Models of tissue thermal properties as
a function of temperature

Ai et al, Int. J. Hyperthermia 2012 [17]
Lu et al, Int. J. Hyperthermia 2009 [18]

Models not derived from experimental data!

Numerical models for MWA simulation
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Temperature prediction:
simulations vs. measurements
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2.45-GHz MWA ex vivo
(40 W, 10 min)
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Dynamic simulation with (T),  (T)
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Measurement on single point

Cavagnaro et al, Phys. Med. Biol. 2015

Temperature prediction:
simulations vs. measurements
BHE Standard

BHE-S

BHE with C (T) according to Ai et al 2012

BHE-C

BHE with C (T) & K (T) according to Ai et al 2012
BHE-C&K

Cavagnaro et al, Conf. Proc. EuMWweek 2014

Single point measurement.
K(T) seems to greatly affect the temperature increase!

2.45-GHz MWA ex vivo
(40 W, 10 min)

MWA and tissue contraction
Coagulation performances of the MWA applicator, and the efficacy of clinical
protocols, are evaluated by measuring the dimensions of the zone of ablation at
the end of treatment.

Tissue contraction during MWA is associated to the very high temperatures
reached in situ (up to 100 °C or higher) causing vaporisation and loss of internal
water as well as thermo-elastic deformations.
This may lead to underestimate the effective coagulation volume from visualised
coagulated volume by e.g. CT imaging.

Other studies are needed…

Poster at ESHO conference
[Lopresto et al]

Non-invasive thermometry
•

Non-invasive thermometry techniques could
be helpful for real-time assessment of the
spatial and temporal distribution of
temperature in the target zone during MWA.

•

High-resolution CT imaging could be
exploited due to the correlation between CT
numbers (Hounsfield units) and temperature.

•

Temperature maps could be calculated using
this correlation and superimposed onto the
CT scans, presenting temperature distribution
around the MWA applicator.

•

Necessity of reducing the total dose of
radiation in the clinical setting by optimizing
CT scan techniques.

Clinical feasibility?
Other techniques?

Pandeya et al, J. Comput. Assist. Tomogr. 2011

Weiss et al, Int. J. Hyperthermia 2014

Conclusions and future perspectives

•

MWA shows a rapidly increasing trend in oncologic and interventional radiology.

•

Dedicated MWA interventional protocols are not yet established: ultimate
treatment planning is still left to the experience of the physician.

•

The implementation of treatment-planning procedures points out research and
technical challenges (e.g. characterisation and modelling of temperaturedependent changes in tissue properties, tissue contraction, non-invasive
thermometry,…)

•

Collaborations within a multidisciplinary network of experts
(researchers, clinicians and technical specialists) are essential to tackle
the different aspects of a MWA treatment, involving clinical
requirements, physical and engineering issues, as well as biological
insights.

Discussion

Thank you for the attention!

