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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:
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* theintensity of the current; L
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e the characteristics of the current; L
* the duration of the exposition to the flow of current;

e the path inside the human body. m s /
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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
Frequencies around 100 KHz — 5 MHz
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Tension: 500-2000 V
Current: 0.5-2 A

Power: 50-400 W
Frequency: 0.3-5 MHz
Modulation freq: 0.01-5KHz



Configuration a) monopolar, b) bipolar
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Active electrode

Dispersive pad

The transformer isolates the primary
and secondary from low-frequency
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
this.

Risk of ventricular fibrillation.

Risk of burns.

Risk of burns in different body regions.



Active electrode

Dispersive pad

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!

Risk of burns.
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Active electrode

Ideally there is isolation and no current
can flow to the ground.

Dispersive pad
However, in a real world scenario there
Active electrode is a capacity coupling Cp with the
ground.
There could be a link between the
active electrode and the ground (for
example the surgeon).

: . Risk of burns.
Dispersive pad



Capacitive
coupling
between patient
and ground

Surgeon

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.
It is important to have
limited currents flowing
through the surgeon.



Coq= (1/C, + 1/C, +1/C ) = 36.1 pF

|z| =Sqrt (R2+ (2*pi*f*C

Iy = Vp/ |z|=223.61/4413.3 = 0.051 A =51 mA

This current increases the T of the

C; =50 pF

C.=1nF
C, =150 pF
R, =500 Ohm

Power supplied to the patient = 250 W
R, resistance of the patient = 200 Ohm
f =1 MHz

What is the increase in the T of the

fingers of the surgeon?
P=Vp* Ip=Vp*Vp/Rp
2> V,=Sqrt (P*R)) =
223.61V

eq)2) = 4413.3 Ohm

fingers of the surgeon!
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AT is the increase of temperature (K);
p is the resistivity of the material
(Ohm*m) = 5000 Ohm*m

6 density of material (kg*m-3) = 985
kg/m3

c is specific heat of the material (J*kg"
1¥K-1) = 3500 J*kg1*K-L

I is the current intensity (A)

S is the section of the 3 fingers (m?) =
0.0004 m?

At is the contact time =25

47.15°C !




Risks

Burns
Neuromuscular stimulation

SIMULATION OF A REAL SCENARIO!
Fire

Interferences with other devices



Dispersive Pads — Current densities



Choose a well-vascularized
muscle mass

Choose a convex area
Choose an area close to
the surgical site



Electrode monitoring system to reduce the risk of burns
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Patient monitoring system to reduce the risk of other site burns



* 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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