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ABSTRACT

Although the use of radiofrequency (RF) electric currents to treat very 
different illnesses by surgical means (e.g. cancer, disturbances in car-
diac rhythms, or hyperopia) is very recent, the biophysical phenomena 
in which these surgical techniques are based has been understood for 
more than 100 years. The aim of this paper is to didactically present 
the use of RF currents to heat biological tissues with therapeutic and 
surgical purposes. First, the underlying biophysics mechanisms of this 
approach are explained. Next, different examples of recent clinical 
RF-current based applications are discussed.

Key words: Radiofrequency ablation, thermal therapy.

RESUMEN

El uso de las corrientes eléctricas de radiofrecuencia (RF) para tratar 
quirúrgicamente enfermedades tan diferentes como por ejemplo el 
cáncer, las alteraciones del ritmo cardiaco o la hipermetropía ocular 
es relativamente reciente. Sin embargo, el mecanismo biofísico en que 
se basan estas técnicas se conoce desde hace más de 100 años. Este 
artículo de divulgación tiene por objetivo presentar de forma didáctica 
y sencilla el uso de las corrientes de RF para producir calentamiento 
en tejidos biológicos con fines terapéuticos y quirúrgicos. En primer 
lugar se presentan las bases biofísicas en las que se sustenta dicha 
aplicación, y posteriormente se exponen diferentes ejemplos de apli-
cación clínica actual de las corrientes de RF.

Palabras clave: ablación por radiofrecuencia, terapia térmica.
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INTRodUCTIoN

The use of radiofrequency currents (RF) for surgical 
treatment of diseases such as cancer, cardiac ar-
rhythmia, or hyperopia is relatively new. However, the 
biophysical mechanism in which these techniques 
are based has been known for more than a cen-

tury. Maybe this is why these techniques have been 
named (or should we say renamed) with impressive 
names, such as RF tumor ablation, percutaneous 
RF cardiac ablation, or conductive keratoplasty. 
Behind these denominations stands a technique 
developed at the end of the XIX century, whose ob-
jective is to heat biological tissue using RF currents. 

Este artículo puede ser consultado en ver-
sión completa en: http://www.medigraphic.
com/ingenieriabiomedica
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The use of heat as a means of therapy is also an 
old technique. The objective of this review paper is 
to present in a simple manner how RF currents are 
used to heat biological tissue in therapy and surgery. 
This requires a description of the relevant underlying 
biophysical principles, namely, how the interaction 
between RF currents and the tissue is produced. 
Another objective is to provide different examples 
of current clinical applications of RF currents. Rather 
than provide a simple enumeration of different ap-
plications, the purpose is to emphasize similarities 
and differences among applications stressing the 
fact that, from a historical perspective, the use of RF 
currents is based on the same biophysical principles 
that gave birth to electrosurgery a century ago.

ThE loNg hISToRy of ThE ThERAPEUTIC USE of 
hEAT

Heat therapy has been employed for thousands of 
years to purify and detoxify. The steam baths used 
by the antique Greeks, the temascali used by the 
Mesoamerican inhabitants, and the Chinese herbal 
baths are examples of this millennial practice. Phy-
sicians and shamans of old civilizations made use 
of heat for treatment of injuries difficult to treat by 
other means. For instance, the ancient Egyptian 
medical papyrus found by Edwin Smith, dated 3000 
BC, describes the use of cautery for treatment of 
ulcers and breast tumors1. In the millennial Indian 
culture, heated bars were used to stop bleeding2. 
The principles of cauterization for bleed arrest were 
known by Hippocrates (460-377 BC), who stated 
«those diseases which medicines do not cure, iron 
cures (reference to scalpel); those which iron cannot 
cure, fire cures; and those which fire cannot cure, 
are to be reckoned wholly incurable». Later on, the 
techniques for heat treatment were applied and 
improved by the Moors in the Iberian Peninsula. All 
these techniques applied the same concept: to 
place on the tissue to be treated an object previ-
ously heated (cautery), and wait until the tissue 
raised its temperature by thermal conduction. One 
big problem with all the procedures used at that 
time was the extraordinary pain that the direct ap-
plication of heat produces on the nervous system.

A breakthrough in tissue heating technologies 
occurred in 1891, when d’Arsonval developed ex-
periments on circulation of high frequency currents 
through body organs, observing that the currents 
did not produce any kind of nervous or muscular 
stimulation (and for that reason no pain or any 
other adverse effects), producing only a gradual 

heating3. Obviously, to make the currents circulate 
through the body, it was necessary the placement, 
in contact with the tissue, of metallic elements, 
known as electrodes, to close the electric circuit. 
Apart from the use of the electrodes (that could be 
similar to cauteries), the novelty and most impor-
tant fact of this finding was that biological tissue 
could be heated directly by inducing an electric 
current, and not by thermal conduction from a 
previously heated element put in contact with the 
tissue. As a matter of fact, this experiment was 
the starting point of current electrosurgery, which 
uses electric currents of an approximately sinusoi-
dal waveform with frequencies between 300 kHz 
and 1 MHz. The currents applied within this range 
of frequencies are the so called radiofrequency 
currents.

Two decades after the experiment of d’Arsonval, 
the German physician Carl Franz Nagelschmidt 
began to circulate high frequency electric cur-
rents within biological tissue, naming the procedure 
as «diathermy»4. Other important applications of 
electrocautery and diathermy focused in the treat-
ment of lesions and malignant growths5-7. The first 
electrocautery device, known as the Bovie knife, 
was developed by Harvey Cushing and William T. 
Bovie in 19288, and was designed to stop bleeding 
of injuries by circulation of alternating currents in the 
radiofrequency range between an electrode in the 
form of a knife and a dispersive electrode of large 
dimensions located at a sufficient distance from 
the first. This development was of great importance, 
despite the fact that there were many methods to 
stop bleeding there were still many cases of patients 
considered not viable for surgery because of the 
risk of excessive bleeding. More than 80 years after 
its development, this device is still an essential tool 
in the surgical practice. This is how in the early 20th 
century, the first apparatus for application of RF 
currents in the medical practice were devised. The 
first designs were based on elemental electronic 
circuits made with capacitors and electric coils1. 
Later on, came the generators built with vacuum 
valves, and afterwards, with silicon transistors. These 
electrosurgical units allowed the operators to apply 
RF currents in a continuous manner, unlike the previ-
ous units that only allowed the application of brief 
pulses. This technology has changed little in our cur-
rent surgical practice, for biological tissue cut with a 
certain degree of hemostasis (cut, coagulation and 
a combination of cut-coagulation), coagulation of 
small diameter blood vessels with bipolar clamps, 
or carbonization of surface tissue (fulguration). All 



144 Revista Mexicana de Ingeniería Biomédica • volumen XXXI • número 2 • Diciembre 2010

www.medigraphic.org.mx

these techniques are commonly used nowadays 
in the operating room. 

INTERACTIoN of Rf CURRENTS ANd BIologICAl 
TISSUE

Firstly, we must remember the mechanisms by 
which some cells can be stimulated. In general, any 
electrical current is maintained by the movement 
of electric charge carriers. In the case of metals, 
electrons are the carriers of electric charge (each 
electron carries 1.6x10-19 Coulombs). However, in-
side biological tissue, ions in solution are the carriers 
of electric currents. In fact, in electrosurgery, the 
interface between tissue and electrode is where 
the charge is transferred between these two types 
of carriers (from electrons to ions or vice versa). Let 
us consider a simplified biological tissue structure 
made of cells surrounded by an extracellular me-
dium (Figure 1). If we put two metallic electrodes 
in contact with the tissue and apply a voltage po-
tential, for instance, with a battery, ions are carried 
towards the electrode of opposite sign (positive ions 
such as sodium Na+ towards the negative electrode, 
and negative ions such as chloride Cl- towards the 
positive electrode). We must remember that the 
cellular membrane is, in general, impermeable to 
the crossing of ions, reason for which the voltage 
differential produces an accumulation (reorder-
ing) of electric charge around the membrane 

or, to put it in other terms, a variation of potential 
across the cellular membrane. If this variation is 
beyond a threshold value, a series of phenomena 
are produced, causing the stimulation of the cell. 
In the case of muscle cells, such as cardiac cells, 
stimulation implies a mechanical contraction of the 
cell, and the coordinated contraction of all cardiac 
cells produce the heartbeat.

In order to produce a variation of potential across 
the cellular membrane above the threshold value, 
it is necessary to maintain the voltage differential 
between electrodes for a sufficiently long period 
of time. In the case of RF currents, an alternat-
ing current power supply is used (for instance a 
frequency of 500kHz) instead of a battery. This 
produces a signal with a voltage that varies with 
time in a sinusoidal manner, in which the polarity of 
the electrodes changes very rapidly, specifically at 
half the period of the signal, namely every millisec-
ond. This time is sufficiently short to avoid a tension 
across the membrane above the threshold value. 
In the end, this motion back and forth of the ions 
produces the heating of the tissue by dissipation of 
the energy associated with the movement of ions 
(at the macroscopic scale this energy dissipation is 
known as friction). This is the reason why RF currents 
(between 300 kHz and 1 MHz) produce heating by 
ionic agitation without any kind of stimulation.

Another way of understanding the interaction 
between RF currents and biological tissues is to 

figure 1. (A) A simplified model of biological tissue formed by cells surrounded by extracellular medium. If we put two metal-
lic electrodes in contact with the tissue and apply a voltage potential, for instance, with a battery, ions are carried towards 
the electrode of opposite sign. The voltage differential produces an accumulation (reordering) of electric charge around 
the membrane. If this variation is beyond a threshold value, a series of phenomena are produced, causing the stimulation 
of the cell. (B) In the case of RF currents, an alternating current power supply is used, specifically a signal with a tension that 
varies with time in a sinusoidal manner. (C) In this way, the polarity of the electrodes changes so fast that the reordering of 
charges around the membrane does not reach the threshold value, producing only heating by ionic agitation without any 
kind of stimulation.
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consider the behavior of the cellular membrane 
as an electric capacitor, that allows the flow of 
RF currents without any resistance (as a matter of 
fact impedance), acting as a short circuit from the 
electrical point of view. This short circuit implies zero 
voltage across the membrane, that is, no possibility 
of alteration of the potential across, therefore no 
stimulation of the cell. 

The heating produced by ionic stirring makes 
the tissue respond in a relatively rapid manner, and 
the tissue can reach 60ºC in a few seconds, even 
though this depends on the applied electric power. 
When the temperature of the tissue reaches 50ºC, 
coagulation of the proteins of the cell occurs, imply-
ing the instantaneous cellular death by coagulative 
necrosis. This coagulation, known as white coagula-
tion, can be even seen at first sight (Figure 2).

The cells that are close to the 50ºC isotherm and 
do not experience the lethal thermal dosage, but 
temperatures between 40 and 50ºC, could develop 
a process known as apoptosis, and therefore die 
in a late and controlled manner. In addition to the 
coagulation of proteins, other phenomena occur, 
for instance the contraction of collagen fibers. Col-
lagen fibers are macromolecules that form part of 
the mechanical structure of extracellular space. 
When the temperature of the tissue is raised, these 
fibers shrink in an important and irreversible manner.

When the temperature exceeds 80ºC, other 
phenomena, such as desiccation (water loss), va-

porization and even carbonization, may happen. It 
is important to remember that the RF currents used 
in electrosurgery are energy getting to the tissue 
by conductive mode, hence, two metallic elec-
trodes are required to close the circuit for which the 
resistance is the biological tissue itself. The use of 
higher frequencies, such as microwaves (where the 
frequencies go from 915 MHz and 2.45 GHz), allows 
deposition of energy and total tissue absorption by 
means of irradiative phenomena, without electrical 
conduction. This is achieved by a surgical applica-
tor that functions as a small antenna. In either case 
(microwave or RF), the interaction between energy 
and biological tissue produces the same effect and 
both belong to the group of non-ionizing radiations9.

ThE lAST 25 yEARS

Since the mid 80s, RF currents as we know them, 
have beeen used in other less conventional appli-
cations, and in fact, in some cases, gave birth to 
other minimally invasive procedures that eventually 
replaced other complicated and risky surgical pro-
cedures. This does not mean that this type of energy 
has no further use in conventional electrosurgery, 
as in the case of coagulation of small blood ves-
sels, on the contrary, this is a technique employed 
by any general surgeon in practically any kind of 
surgical intervention. However, modern applications 
show a very promising future. This is why this article 
highlights the advantages and disadvantages of 
some of them. 

In general, in the context of the medical devices 
used to allocate RF current within the tissue, we 
have adopted the term «applicator» to designate 
an apparatus that includes one or more electrodes, 
being them metallic elements that are in touch 
with the biological tissue, from which the currents 
are distributed within the tissue. This terminology is in 
agreement with that proposed by the International 
Working Group on Image-Guided Tumor Ablation10.

Some of the surgical procedures that use RF cur-
rents have been termed as RF ablation procedures, 
such as the ablation of cardiac tissue or tumors. 
In this sense, it is necessary here to contextual-
ize the use of the term ablation. From a general 
perspective, ablation is the mechanical excision 
of a section of tissue. In the context of the high 
temperature thermal therapies, the ablation does 
not imply the excision or mechanical elimination 
of any part of the tissue, but the almost instan-
taneous physiological alteration of that part of 
the tissue by means of an important increase of 

figure 2. Once RF currents produce heat by ionic agita-
tion, the tissue increases its temperature in a significant 
manner. When the temperature of the tissue reaches 50ºC, 
coagulation of the proteins of the cell occurs, implying the 
instantaneous cellular death by coagulative necrosis. This 
coagulation, known as white coagulation, can be even seen 
at first sight. In addition to the coagulation of proteins, other 
phenomena occur, for instance the contraction of collagen 
fibers. At high temperatures near 100ºC, carbonization of 
tissue may occur. This figure shows a procedure of liver RF 
ablation.
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temperature (Figure 3). We could consider that the 
ablation implies the «ablation of the original physi-
ological function of the tissue»; i.e., tissue necrosis. 
This does not mean that the excision of tissue by 
means of electromagnetic energy is not possible, 
but very high energy sources are required to this 
end, as is the case of ultraviolet laser irradiation 
(excimer laser), which do cause the direct rupture 
of molecular links.

Radiofrequency cardiac ablation

The objective of RF cardiac ablation is the elimina-
tion of a cardiac arrhythmia11. An arrhythmia is an 
electrical activity malfunction of a group of cardiac 
cells. The proper electrical activity of the cells origi-
nates the pacing of the heart and, therefore, the 
pumping of blood to all the body. During percuta-
neous cardiac ablation, a catheter containing me-
tallic electrodes on its tip is introduced to the heart 
through a vein or artery (for instance the femoral 
vein). Once the tip of the catheter enters the interior 
of the heart (atrium or ventricle), it is necessary to 
locate the group of cells that cause the arrhythmia. 
This is achieved by means of an electrophysiologic 
mapping based on electric stimulation sequences 
with the simultaneous recording of the cardiac cells 
electric activity. The stimulation and recording are 
made with specific electrodes incorporated to the 
catheter. Once the group of cells to be eliminated 
(ablated) is located, RF currents are applied through 
the ablative electrode (which could be the same 
to the one used for cell stimulation or cell activity 

figure 3. (A) RF ablation refers to a procedure in which electri-
cal energy is applied to biological tissue through electrodes, 
producing an elevation of the local temperature capable 
of producing a thermal lesion. (B) This term should not be 
confused with «ablation», which refers to the mechanical 
excision of a section of tissue.

Applicator

(A) (B)

Electric energy

Biological tissue

Thermal
lesion

figure 4. RF cardiac ablation has the objective of elimina-
tion of a cardiac arrhythmia, which implies a disorder of the 
electrical activity of a group of cardiac cells. During percu-
taneous cardiac ablation, a catheter containing metallic 
electrodes on its tip is introduced to the heart through a 
vein or artery. Once the tip of the catheter enters the interior 
of the heart, it is necessary to locate the group of cells that 
cause the arrhythmia. Once positioned the electrode, a RF 
current is applied, causing the destruction of the group of 
cells causing the arrhythmia. 

recording) and an electrode of large surface at-
tached to the back of the patient (Figure 4). The 
maximal electrical current density in the tissue is lo-
cated maximal at just under the ablative electrode, 
producing a localized raise of temperature at that 
zone, and therefore causing the destruction of the 
malfunctioning cells that originate the arrhythmia. 
Nowadays, some arrhythmias are treated using this 
procedure, giving other option to avoid open heart 
surgery, a much more complex and risky surgical 
procedure. In general, ablative cardiac procedures 
have used catheter coupled electrodes from 7Fr to 
10Fr of diameter. Ablation electrodes usually have 
a length between 4 and 10 mm and a semispheri-
cal tip. For instance, for the ablation of accessory 
pathways12 conventional 7Fr and 4 mm electrodes 
are used, while for elimination of the auricular flut-
ter the isthmus between the inferior vena cava and 
the tricuspid valve is ablated using a longer elec-
trode13. In other cases, a complex pattern of lesions 
in the atria is produced in order to eliminate atrial 
fibrillation14, by repositioning the same electrode in 
several places.

So far, we have only considered percutaneous 
cardiac ablation, namely, that produced by means 
of a catheter. Cardiac arrhythmias can also be ab-
lated through electrodes included in hand devices 
used by the surgeon during an open-chest surgery, 
or through small incisions (mini-thoracoscopy)15,16. 
In this surgical scenario, the ablation is made 
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without heart arrest, namely producing lesions on 
the surface of the epicardium, or with heart arrest, 
using a system of extracorporeal circulation, and 
producing lesions to the internal surface of the heart 
(endocardium). In almost all cases of RF cardiac 
ablation, the power is modulated to maintain con-
stant temperature at the ablation electrode. This 
power distribution method is known as temperature 
controlled ablation and is used not only in cardiac 
ablation but also in other procedures that we will 
review afterwards. 

In RF cardiac ablation, it is important to reach 
temperatures that destroy the cells causing the ar-
rhythmia: temperatures above 50°C for one minute 
or more. This approximate value of lethal dosage 
(50°C during 60 seconds) is also valid for other 
biological tissues, as in the case of the thermal 
destruction of tumors. 

Rf ablation of tumors

Another relatively recent application of RF currents 
is the destruction of malign tumors, e.g. liver tumors 
(hepotocarcinomas and hepatic metastasis). In this 
case, even though the procedure is supposed to 
be minimally invasive compared to conventional 
surgery, the current limitations of RF ablation make 
the surgical excision (mechanical) of the tumor the 
preferred surgical procedure (i.e. the gold-stan-
dard). Notwithstanding, the future of this technique 
is promising in cases where the patient cannot be 
subject to major surgery, as a matter of fact, there 
are many cases in which RF is currently used to ab-
late almost any organ (liver17, kidney18, lung19, and 
bone20). The procedure is based on the introduction 
of an electrode inside the tumor. This is achieved 
by piercing the skin of the patient (percutaneous 

approach) and guiding by means of some sort of 
imaging technique, as ultrasound, introducing the 
applicator directly in the target organ. This can also 
be done both during a laparotomy, namely with the 
open patient and the organ exposed. The elec-
trodes are needle like21 (Figure 2), although there 
are more complex applicators including expand-
able needles with the object of ablating tumors of 
larger size22, and others that combine the infusion 
of a hyper saline solution within the tissue during 
the ablation in order to increase the lesion size23. 
Once the electrode is placed in the center of the 
tumor, a RF current is applied until the temperature 
of the cells exceeds the critical temperature (around 
50ºC) for several minutes. 

Rf assisted resection

In the area of oncologic surgery, there is an appli-
cation of RF currents developed recently that has 
been named RF assisted resection24. It is basically a 
device that uses RF currents to reduce as much as 
possible the bleeding associated with the excision 
of the part of an organ that contains a tumor. This 
is achieved by the coagulation of blood vessels 
by heating produced during RF currents circula-
tion. Again history repeats itself, that is, the use of a 
centennial technology assisting the creation of new 
medical devices, to perform innovative medical 
procedures. As examples of innovative devices we 
could mention those based on internally refrigerated 
electrodes that incorporate a blade for cutting pre-
coagulated tissue25, electrodes that infuse a saline 
solution in the surface of the coagulation zone26, 
or those based on needles capable of creating a 
barrier of coagulated tissue before cutting with a 
cold scalpel27,28 (Figure 5).

figure 5. Examples of RF current applicators designed to minimize bleeding during resection of the tumorous part of an 
organ. (A) Hyper saline solution infusing electrodes. (B) Internally cooled electrodes that incorporate a blade for cutting the 
pre-coagulated tissue. (C) Needles capable of creating a barrier of coagulated tissue before cutting with a cold scalpel.
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Cosmetic surgery applications

In the field of cosmetic surgery, there is now a strong 
push of technological development that aims at 
the use of RF currents as a non-invasive technique 
for selective heating of adipose tissue29,30. The ob-
jective is to destroy adipocytes, namely cells that 
contain fat, reducing in this way the fat of specific 
zones. The heating of fat is greater than that of skin 
when the internal electric field (E) is perpendicular 
to the interface of the tissue. This can be analyti-
cally demonstrated with an electrical capacitor of 
infinite plates as the one shown in Figure 6. The 
internal boundary condition should satisfy the fol-
lowing relation 

                                 (1)

where e is the complex relative permittivity. This re-
lation is valid anywhere because the electric fields 
Es y Ef are constant in their respective tissues. The 
power absorption ratio per unit volume (Q) can be 
expressed in the following way

                                        (2)

where s is the electric conductivity. Combining 
relations 1 y 2, the ratio of power absorption can 
be written as a function of the electrical properties 

                                   (3)

As an example, let us consider the application of 
a 1 MHz current (Table 1). In this case, the fatty tis-
sue attenuates or dissipates less the electric field 
than the skin, sf /ss = 0.13. (Less attenuation means 
lower heat generation). However, the electric field 

of the fatty tissue is much more intense, Ef / Es = 83, 
consequently fat heating is much more intense than 
that of skin, Qf / Qs = 1029-31. A similar analysis shows 
that the fat heats much faster than the muscle, 
Qf / Qm = 20. In cosmetic surgery, this selective heat-
ing is advantageous. In other surgical procedures, 
such as breast cancer, it is not desirable to heat 
the adipose tissue.

When the electric field is not normal to the tis-
sue surfaces, the opposite occurs, the skin heats 
much more than the fat. In that case the heat is 
used to contract collagen fibers, stimulating at the 
same time the generation of new collagen inside 
the dermis, causing as a consequence a softer 
and firmer skin, with a «younger» appearance.32. 
In this application is common to apply high levels 
of energy for short periods of time (of the order of 
milliseconds), because the objective is to reach 
very high temperatures to cause irreversible cel-
lular damage. Unlike to what we stated before in 
the section on interactions of RF currents and tissue, 
these treatments are painful because the nerves 
that are sensible to temperature are located in the 
upper layers of the skin33,34. To minimize this problem, 
some devices cool the upper layer of the skin before 
and during the application of the RF current pulse, 
by using cold air, ice packs or cryogenic sprays. 
The idea is to minimize dermal damage, avoiding 
burns and mitigating pain. There are several types 
of applicators, but all of them use the same physi-
cal principles. The differences have more to do with 
geometry and number of electrodes, being the 
monopole (one electrode) and the bipolar (two 
electrodes) the most commonly used. A new con-
cept is the fractional delivery of energy in order to 
promote a faster skin remodeling process . Within this 
concept an array of small non-invasive or minimally 
invasive (e.g., needle insertions) electrodes is used 
to deposit energy in small regions (focal points). As 
a consequence the damaged zones are micro-
scopic in volume and surrounded by healthy tissue 
ready to start the healing process35-37. This concept 
is originally known as fractional photothermolysis, 

Table 1. Electrical properties of the skin, subcutaneous 
fat and muscle at 1 MHz69. 

  Subcutaneous
 Skin fat Muscle

Conductivity (s) [S/m] 0.22 0.025 0.5
Permittivity (e) 1832.80 27.220 1836.4

figure 6. Schematic of an infinite plates capacitor, used to 
explain why the fat heats much faster than skin when the 
electric field is normal to the tissues interface. 
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devised to accelerate the remodeling process of 
laser irradiated tissue38.

Rf thermokeratoplasty

Other thermal applications of RF currents do not 
necessarily try to destroy tissue, but the irreversible 
contraction of collagen fibers. These applications 
have to do with very diverse surgical areas. For 
instance, RF currents are being applied for eye sur-
gery, specifically in the cornea, using electrodes of 
very small size (Figure 7). The objective is to produce 
an irreversible contraction of the corneal stroma col-
lagen, therefore producing a permanent change 
of its curvature39. The name of the procedure, in 
a broad sense, should be RF Thermokeratoplasty. 
When the lesions produced form a circular pattern 
of a sufficiently large diameter (6-8 mm), it is pos-
sible to produce pressure capable of elevating the 
central zone of the cornea, therefore correcting 
hyperopia by a procedure known as (conductive 
keratoplasty)40. Needle like electrodes of small thick-
ness (90 mm) and diameter (450 mm) are used in 
this procedure. This procedure has also been used 
to treat astigmatism41 and keratoconus42.

Sphincter reshaping by Rf

Other procedures in which collagen fibers are 
contracted try to correct the sphincters. Tempera-
ture controlled RF has been used to correct either 
the cardiac sphincter (union of esophagus and 
stomach) to treat gastric reflux43 or to treat fecal 
incontinence44. In the first case, a RF applicator is 
introduced through the mouth, to reach the union 
of esophagus and stomach. A RF current is ap-
plied producing a localized heating, capable of 

contracting the collagen fibers. This contraction 
narrows the union, reducing gastric reflux (Figure 
8A)45. In the second procedure, a similar applicator 
is used, but in this case is introduced through the 
anus, after application of temperature controlled RF, 
the compliance of the tissue is modified, reducing 
considerably the symptoms of incontinency46.

Radiofrequency somnoplasty

Another application of collagen contraction is found 
in the treatment of obstructive sleep apnea47,48. 
The idea underneath this procedure is to contract 
collagen fibers of the tissue whose function is the 
obstruction (for instance the soft palate), and so 
to stretch the tissue that was excessively relaxed. 
Figure 8C shows an example in which a needle 
shaped electrode is applied in both the base and 
the muscles of the tongue. This procedure is known 
as somnoplasty. In this procedure, RF application is 
temperature controlled, being 85ºC a typical pro-
gramming value, while the power supply is stopped 
if the temperature goes beyond 105ºC or falls below 
65ºC49, being this also an strategy in common use 
in RF percutaneous cardiac ablation.

Bronchial thermoplasty

Bronchial termokeratoplasty is based on ablation of 
the smooth muscles of the airways50,51, specifically 
affecting the capacity of structures to constrain, so 
reducing the frequency of asthmatic episodes and 
curing severe asthma in some patients52. In this sys-
tem, a multiple electrode RF applicator is introduced 
through the mouth, expanding in the interior of the 
airways. Once in contact with the tissue, RF currents 
are applied in a controlled manner (Figure 8B).

Rf based bipolar sealing systems

Although we have already described some of the 
novel procedures based on RF currents heating, 
we should not forget that the classical technique of 
bipolar electrodes blood vessel coagulation (Figure 
9A) has experienced important technical progress 
in recent times. For instance, the equipment based 
on bipolar clamps has been further improved re-
sulting in homeostasis systems adapted to specific 
procedures, which aimed at treating hemorrhoids53 
the thyroid gland54 or the pancreatic tissue55. This 
devices are much more complex than the basic 
electrosurgical pincers, and could be disposable 
(Figure 9B) o reusable (Figure 9C). 

figure 7. During RF conductive keratoplasty (CK), a small size 
electrode is inserted in the cornea. When a thermal spot cir-
cular pattern is created, it is possible to produce a change of 
the curvature of the cornea, therefore correcting hyperopia.
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Transurethral resection of the prostate

The modification of the electrodes traditionally 
used in electrosurgery has led to the develop-
ment of somewhat complex devices, used to 
produce incisions of the prostate, of the neck of 
the bladder, or for resection of bladder tumors. 
These protocols are designed to increase the 
safety of the procedure56. Transurethral needle 
ablation (TUNA), is the name of a new technique 
that employs RF currents and electrodes modi-
fied from those used for other techniques. With 
this technique it is possible to accomplish the 
ablation of the prostate in patients with benign 
prostate hyperplasia57.

ThE fUTURE

The investigation of new RF based hyperthermia 
therapies is focusing in three approaches: 1) to 
design applicators that permit to increase the ef-

ficacy and safety of the conventional techniques, 
allowing to have surgeries as minimally invasive as 
possible; 2) to develop imaging techniques en-
abling to make thermal lesions in the right place, 
i.e. achieve higher spatial accuracy; and 3) to 
have systems that could give real time information 
of the lesion, both its geometry (dimension) and its 
characteristics (temperature values). In the years 
to come we will experience developments in these 
three complementary areas.

In relation to the development of safer and more 
efficient applicators, it is worth mentioning the min-
iaturization of the applicators and the constructive 
improvements, giving way to enhanced designs, 
for instance expandable systems. This means the 
electrodes would be positioned in the exact posi-
tion, being very thin, and being introduced through 
very small orifices. Besides, it is important to high-
light the experimental research efforts, aimed at 
combining RF currents (or of higher frequencies) 
with the use of nanoparticles, making possible to 

figure 8. Examples in which the RF currents are employed to shrink collagen fibers and reshape the tissue. A: aRF applicator 
to minimize gastric reflux. B: Bronchial termokeratoplasty using a multiple electrodes RF applicator to treat asthma. C: RF 
electrode to stretch the tongue fibers and correct obstructive sleep apnea. 
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figure 9. (A) RF bipolar elec-
trodes used to coagulate 
small blood vessels. (B) y 
(C) Other examples of bi-
polar applicators designed 
to produce homeostasis in 
specific surgical treatments.
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have a more circumscribed thermal effect, as in 
the case of ablation of tumors58,59.

Regarding the techniques to determine the right 
positioning of the lesions, the development has 
been especially intensive in the area of RF cardiac 
ablation60, even trying to eliminate the use of fluoros-
copy61,62 by means of radio tracking. The develop-
ment of noninvasive thermometry procedures is an 
area of promising future that has not still taken off63. 
Currently, imaging systems, such as ultrasound64 are 
being employed during the ablation of tumors, to 
make a real time follow up of the lesion evolution. 
Also, the techniques of imaging processing may 
improve significantly the outcome of existing surgery 
procedures65. 

Finally, we should not forget the synergistic effects 
that some investigations have hinted may result from 
combining RF currents with other sources of thermal 
treatment, such as cryoablation66-68.
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