


1) Thermal effects: the flux of electrical current generates heat
which could provoke burns.

2) Electrophysiological effects: electrical current could generate
action potentials in excitable tissues.

Such effects depend on:

* theintensity of the current;

e the characteristics of the current;
* the duration of the exposition to the flow of current;
e the path inside the human body.
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The application of high-frequency (radio frequency) AC currents to
biological tissues for thermal destruction of tissue through

dehydration, coagulation or vaporization.
It allows to obtain very precise cuts with limited blood loss.
It can be used in general surgical procedures such as

dermatological, plastic, spinal, orthopaedic etc. as well as in
minimally invasive surgery.

Voltages around 200 - 10’000 V
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Block diagram
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} f ‘—| CALCULATOR Modulation freq: 0.01-5KHz




Configuration a) monopolar, b) bipolar
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TISSUE EFFECTS CHANGE AS YOU MODIFY
THE WAVEFORM

Electrosurgical generators are able to produce a variety of
electrical waveforms, As waveforms change, so will the
corresponding tissue effects. Using a constant waveform, like
“eut," the surgeon is able to vaporize or cut tissue This waveform
produces heat very rapidly.

Using an intermittent waveform, like "cagulation,” causes the
generator to modify the waveform o that the duty cycke ("on”
time} & reduced. This interrupted waveform will produce less heat.
Instead of tissue vaporization, 2 coagulum is produced,

A “blended current” is not & mixture of both cutting and
coapulation current but rather a modification of the duty cycle. As
you go from Blend 1 to Bland 3 the duty cycle is progressively
reduced. & lower duty cycle praduces less heal. Consaguently,
Blend 1 is able to vaporize tissue with minimal hemostasis
whereas Blend 3 is less effective at cutting but has maximum
hemaostasis,

The only variable that determines whether one waveform
vaporizes tissue and another produces a coagulum is the rate at
which heat is produced. High heat produced rapidly causes
vaporization. Low heat produced mare stowly creates a coagulum.
Any one of the five waveforms can accomplish both tasks by
madifying the varighles that impact tissue effect.







ELECTROSURGICAL TISSUE EFFECTS

Electrosurgical Cutting

Electrosurgical cutting divides tissue with electric sparks that focus
intense heat at the surgical site. By sparking to tissue, the surgeon
produces maximum curent concentration. To create this spark the
surgeon should hold the electrode slightly away from the tissue,
This will produce the greatest amount of heat over a very shart
period of time, which results in vaporization of tissue.

P
Fulguration
i o g vohage : Electrosurgical fulguration (sparking with the coagulation
waveform waveform d 4
100% duty cycle 6% duty cycle waveform) coagulates and chars the tissue over a wide area.

Since the duty cycle (on time) is only about 6 percent, less heat is
produced. The result is the creation of a coagulum rather than
cellular vaporization. In order to avercome the high impedance of
alr, the coaqulation waveform has significantly higher voltage than
the cuftting current. Lise of high voltage coagulation current has
implicztions during minimally invasive surgery.

Pure Cut Blend Coag’

Thermal Spread/Charring High
Voltage High

Desiccation

Elecrosurgical desiccation occurs when the electrode i in diret
contact with the tissue. Desiccation is achieved most efficiently
with the “cutting” current. By touching the tissue with the
electrode, the current concentration is reduced. Less heat is
generated and no cutting action occurs, The cells dry out and form
a coagulum rather than vaporize and explode.

Many surgeons routinely “cut”™ with the coagulation current.
Likewise, you can coagulate with the cutting current by holding
the electrode in direct contact with tissue. It may be necessary to
adjust power settings and electrode size to achieve the desired
surgical effect. The benefit of coagulating with the cutting current
is that you will be using far less voltage. Likewise, cutting with the
cut current will also accomplish the task with less voltage. This is
an important consideration during minimally invasive procedures.



 j Ip Active electrode 1€ transformer isolates the primary
= and secondary from low-frequency
+ A currents.

The secondary is referred to the
ground, and low-frequency leakage
currents coming from other devices can
find their way to the ground through
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Two capacitors are added to act as
filters for the low-frequency currents.
C1 and C2 are so that their reactance is
low for high frequencies and high for
low frequencies.

For example:

if C1is 16 nF and f is 1 MHz then

Xc =1/(2pi*f*C1) = 9.9 Ohm

but for f =50 Hz

Xc = 198.9 kOhm - 20000 times
bigger!

No risk of ventricular fibrillation.
Risk of burns.
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Ideally there is isolation and no current
can flow to the ground.
No risk.

However, in a real world scenario there
is a capacity coupling Cp with the
ground.

There could be a link between the
active electrode and the ground (for
example the surgeon).
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Buzzing technique: when the
surgeon coagulates small
vessels in a rapid way by
pinching the tissues at the
extremities of the vessel with
tweezers and by touching the
tweezers with the active
electrode, so that the current
will flow through the pinched
tissues.
NB: the surgeon is not
isolated by the gloves. In
fact, the gloves behaves like
a capacitor with AC voltages.

% er— It is important to have

J:E g ﬁU limited currents flowing
ﬁ’ - r through the surgeon.
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C; =50 pF

C.=1nF

C, = 150 pF N

P —_— = —x% *
R. =500 Ohm A= 5 (s) At

Power supplied to the patient = 250 W = AT is the increase of temperature (K);

R_resistance of the patient =200 Ohm p is the resistivity of the material
P (Ohm*m) = 5000 Ohm*m
f =1 MHz &8 density of material (kg*m3) = 985
What is the increase in the T of the kg/m?
c is specific heat of the material (J*kg

i ?
fingers of the surgeon? 1K1) = 3500 J*kg 1K1
P=V_*| =V_*V_/R I is the current intensity (A)
>V p- Sp t (;*R p— P S is the section of the 3 fingers (m?) =
p = dF p) B 0.0004 m?
223.61V At is the contact time =2s

Ceq = (1/C,+ 1/C, + 1/C )= 36.1 pF
|z| = Sqrt (R + (2*pi*f*C,,)?) = 4413.3 Ohm
V / |z|= 223 61/4413 3 0 051A 51 mA

g ==

47.15°C !




Risks

Burns
Neuromuscular stimulation
Fire

Interferences with other devices




Dispersive Pads — Current densities

High current High current High current
density density

Low current Increased High current
density current density density




Best practices for dispersive pad positioning

e Choose a well-vascularized
muscle mass

e Choose a convex area

e Choose an area close to
the surgical site




Electrode monitoring system to reduce the risk of burns




Patient monitoring system to reduce the risk of other site burns
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* Every 6/12 months measure low-frequency leakage currents: it could cause ventricular fibrillation if in
contact with cardiac tissues (using a leakage current meter);

* Measure high-frequency leakage currents (these usually have higher intensities than the low freq. ones);

e Measure the output power on the patient (200 Ohm resistor);

e Check the integrity of the security systems;

e Check the integrity of the cable insulation, the correct functioning of the switches and the foot pedal;

e Check the number and size of the return electrodes;

e Check the integrity of the chassis.

These measurements can be done with a tester for electrosurgical units, that allows to measure the output
power, the duty cycle of the output signal and the high-frequency leakage currents.
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