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Introduction

Placement of a needle or catheter directly into a tumor and the
use of heat, cold, or a chemical to destroy it are known as ablation.
Prolonged exposure of tumor cells at temperatures ranging from 45
to 55 or short exposure at temperatures higher than 60 can cause
irreversible cell damage, which is the aim of ablation. Laser and
microwave antennas are two of the most successful tools for treating
inoperable tumors. The effectiveness of these methods is determined
by two factors; i) comprehensive removal of the tumor, and ii) not
injuring the healthy tissue around the tumor. As the literature shows,
in recent years, these two techniques have been employed in a neck
and neck competition and the proponents of each method are trying
to justify superiority of their methods. The aim of this special issue is
to investigate the pros and cons of the two methods and see if there
is any way to exploit the advantages of both methods simultaneously.

Microwave and Laser Ablation

MWA or Microwave Ablation uses a needle that carries an electric
current. The end of the needle is placed into the tumor and starts
heating the tissue through the dielectric loss. Most clinical microwave
antennas work at the frequency of 915MHz or 2.45 GHz. Of course,
it has been proved that 2.45 GHz antennas achieve more rapid and
predictable ablations [1]. During the process of MWA, ultrasound or
computed tomography are frequently used to ensure that the needle
is correctly positioned. The most important advantages of MWA are
its ability in producing acceptable necrosis in large areas. It should
be mentioned that in research performed by Garrean et al [2] MWA
could successfully remove 6.45 cm of the tumor. In addition, they
showed that the high power of MW A can ablate stiff cancerous tissues
too. These criteria have made it a promising technique for removing
large and stiff inoperable tumors, such as the cases located in deep
areas inside the liver. Moreover, Carrafiello et al [3] and Veltri et al
[4] have demonstrated 100% success of the MWA in removing lung
and liver cancerous tissues in clinical tests, in respect. Also, Guan

et al [5] presented 96% success in removing kidney tumors of liver
tissue using the MWA. It should be noted that despite the mentioned
benefits, MWA has an important drawback too. For instance, due
to its high power, it can cause unwanted injuries to the surrounding
healthy tissues. So, it can’t excellently influence on superficial and
narrow cancerous tissues. From another perspective, Laser Ablation
(LA) is a very effective method in tumor removal. For example,
Johnson [6] expressed that Ho:YAG lasers are able to ablate tumors
as small as 2mm, with minimal injury to the surrounding area. The
same thing was reported by Jonler et al [7]. But, due to the limited
penetration depth oflight in tissue, laser irradiation can’t be employed
for ablating deep tumors and the average diameter of ablation crater
in this technique is much less than MWA hole. Meanwhile, Huang et
al [8] explained that one of the beneficial techniques for improving
selectivity of LA is the addition of gold based nanoparticles in
cancerous tissues. These nanoparticles are designed to absorb light in
the Near-Infrared (NIR) region [9,10], where water and hemoglobin
represent high transmissivity. Therefore, when nanoparticles are
injected into the tumor, the tumor can be ablated with much lower
laser power and minimal injury happens to the nearby healthy tissue.
Besides, selectivity of LA is considerably improved after injection of
gold nanoparticles [11,12].

Integration of the Two Methods

In our research [13], for solving the challenge of utilizing the
sole laser or microwave irradiation alone, nanoparticle-mediated
laser therapy was integrated with microwave ablation. It was shown
by simulations that when these two methods are combined, the
advantages of each one compensate for the disadvantages of the
other. For instance, when this combinational treatment was applied
on Hepatocellular Carcinoma (HCC), which is a kind of liver cancer
with complicated structures, large tumor regions were removed by
MWA and the remaining superficial narrow layers were removed by
laser irradiation, of course with the aid of gold nanorods. It should
be noted that new monitoring techniques such as Hyperthermal
Treatment Planning (HTP) and ultrasound live tomography can
assure the correct positioning of the laser’s fiber and microwave
needle. Laser ablation has the attractive possibility of being guided
through a flexible and small fiber to the tissues in deep-lying organs,
and Microwave needle can also be inserted into the tissues with
minimal invasion. So, any type of cancerous tumor with arbitrary
shape can be ablated by mixing the two methods of laser irradiation
and microwave emission.

Conclusion

Microwave ablation and Laser ablation are considered as two
of the most viable candidates for treatment of inoperable tumors.
However, both of them have their own weaknesses and challenges.
Photothermal therapy is a much localized treatment due to exploiting
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highly focused laser beam and gold nanoparticles, while it is not a
good choice for deep bulky tumors. On the other hand, microwave
coagulation therapy is a very effective technique for coagulation of
deep stiff tumors, whereas unwanted damages to the healthy tissues
are inevitable when it is used in superficial tumors. Therefore,
the two methods seem to be much more successful if they are
combined. So far, simulations and numerical studies have proved
that this combinational treatment can enhance coagulation therapy
of complicated tumors dramatically, with nearly no damage to the
surrounding area. In vitro and In vivo experiments are needed for
further study of this novel combinational treatment.
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