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Introduction

Hyperthermic ablation is one of the most used treatment in
patients with unresectable liver tumors. The primary mechanism
of action of this treatment is the focally increase of temperatures
(>60°C) inside the tumor nodule in a relatively short period of
time with the goal of inducing irreversible cell injury. Among hyper
thermic ablative techniques, radiofrequency ablation (RFA) is the
most popular. Since the first use of RFA in 1990, new devices and
generator machines have been introduced in clinical practice. Two
main problems of RFA are the limited efficacy in the treatment of
nodules >3cm and the heat-sink effect when nodules are located
near large vessels [1-10]. During the last years, to overcome these
limitations, microwave ablation (MWA) has been increasingly
proposed and employed also if two metanalyses have shown
comparable efficacy of MWA and RFA. At the present, RFA and MWA
have cornered the market due to the support by major vendors.

A third technique to perform the ablation of liver tumors with
hyperthermia is laser ablation (LA). This treatment is less explored
and few employed, and many reviews regarding hyperthermic
ablation do not cite it. Not with standing, several retrospective
studies and a randomized controlled non-inferiority study have
shown that LA is as safe and effective as RFA to treat hepatocellular
carcinoma within Milan criteria in cirrhotic patients [11-15]. The
aim of this paper is to briefly describe the physics and biological
effects of laser light during thermal ablation.

Physics of Laser and Laser Tissue Interaction

The description of LASER (Light Amplification by Stimulated
Emission Radiation) principle was performed in 1917 by Albert
Einstein, and after about thirty years laser energy was employed
in the medical field. However only more than sixty years later, in
1983, Brown described for the first time the use of laser light to
ablate a tumor. The delay between the discovery of the laser and its
successful clinical application was likely due to the poor knowledge
among physicians of laser physics and of the mechanisms that
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regulate laser-tissue interactions. A typical laser is composed of
an optical cavity, a laser medium and two mirrors, one of them
is semitransparent. The laser medium contains the atoms that
stimulated by photons are reflected back and forth through this
medium, thanks to the mirrors.

An external source of energy is needed to pump the electrons
of laser medium in excited state. The light produced has three main
characteristics. First, it is monochromatic being characterized by a
single wavelength that defines the properties of the laser system
and the extent of tissue penetration. Second, the laser beam is
collimated and differently from conventional light sources it is very
thin concentrating high energy amounts in limited areas. Third, it
is temporally and spatially coherent because all the photons are
in phase. Due to these characteristics, laser light is theoretically
an optimal energy to treat locally liver tumors because it can be
transmitted over long distances, delivered precisely and predictably
into any location of the liver, limiting the effects on non-tumorous
tissue. Solid state neodymium-doped yttrium aluminum garnet and
diode lasers which have a wavelength of 800-1064nm are the most
used sources for performing LA of liver tumors. In particular, 1064
nm wavelength is preferred because belongs to the “therapeutic
window” with a favorable tissue penetration/absorption ratio.
We currently use a diode laser setted at 1064+10 nm, having the
advantage of being compact, silent and efficient.

We adopt the multifiber technique where laser light is delivered
via flexible bare quartz fibers measuring 300um in diameter
with flat tip that are introduced inside the nodule through 21
gauge (0.7mm) needles. These fibers have the characteristic of
concentrating the high laser power on the very small tip that is in
contact with the tissue. From this tip, laser light penetrates in the
tissue forward for about 15mm and the conversion of adsorbed
light into heat determines the sharp increase in temperature. Above
60°C, denaturation of proteins, coagulation and instant cell death
occur. As temperature exceeds 100°C tissue water boils off and
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above 300°C charring happens, producing vapor. The carbonised
black tissue hinders optical transmission, the heat accumulates
locally and extends to the surrounding tissue by diffusion more than
by direct optical transmission, therefore acting as a hot tip. Close
to the tip of the illuminated fiber, tissue temperature is very high,
above 250°C. Therefore, in the central zone of the ablation area the
tissue evaporates and carbonizes [16-22]. This area is surrounded
by a zone of coagulative necrosis that is enclosed initially by tissue
with hyperemia and haemorrhage, due to the increased blood flow
stimulated by heat.

During the follow-up, these signs of congestion will be
substituted by a dense rim of fibrotic tissue and all the nodule
will become like a nutshell with an empty central zone due to
the loss of tissue. After a first phase of direct hyperthermic injury
that is related to the extent of applied energy, a second phase of
indirect cellular damage follows causing the progression and the
extension of tissue injury. Several mechanisms are involved in this
delayed heat-induced damage as release of lysosomal contents and
of cytokines, apoptosis, increase of tissue inflammatory cells and
of immune response, and microvascular injury. This last effect is
particularly relevant in the indirect damage that is induced by laser.
Tumor vessels are more sensitive to heat stress than non tumoral
vessels. LA is more efficient than other forms of heat generation
in causing endothelial injury and thrombosis of micro vessels
inducing a progressive tissue injury that may continue up to 3days
after the procedure.

LA in addition to local ablation of the tissue stimulates local and
systemic Th1 type immune responses which may play a significant
role in inhibiting tumor recurrence from residual micro metastases
or circulating tumor cells and inhibiting tumor angiogenesis. A
single thin bare fiber with flat tip that is illuminated for 6 minutes
by a diode source with a wave length of 1064nm and a power of 5W,
releases 1800 joules and produces an elliptical area of ablation with
diameters of 16-18mm in length and 8-10mm in width. To ablate
larger areas, more fibers can be inserted and up to four of these can
be simultaneously illuminated. Multiple fibers act synergistically
increasing the volume of ablation of 4-11 times as it has been
demonstrated also by a mathematical model. This synergistic effect
has been described also for radiofrequency and for microwave.

However, using the radiofrequency the applicators are
activated sequentially and not simultaneously as for laser and
microwave, therefore the duration of the procedure is longer and
the temperature increase inside the tumor is slower. Furthermore,
an advantage of LA with the multifiber technique is the use of small
devices and lower energy (5W), as compared to microwave and
radiofrequency which employ 14-18 gauge devices and potency
between 40W and 150W. The use of thin fibres has the advantage
of increasing the applicability of the procedure, in particular when
nodules located in difficult areas should be treated.

Conclusion

Laser light is a very efficient energy source to perform thermal
ablation. Experimental studies have shown that laser-tissue
interaction may induce advantageous biological effects. Among

these the main are the destruction of tumor microvasculature and
the stimulation of immune response against cancer. Furthermore,
laser light may be delivered with very thin applicators that increase
the clinical applicability of the procedure.
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