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Electrosurgery
• Has caused a lot of patient injuries

• Electrons(-) orbit the surface of an atom

• As they jump from one atom to another a 
current is generated

• Current is the flow of electrons measured in 
amperes

• Voltage is the force that moves the electrons 
from one atom to another. Impedance 
obstructs the flow.





Electricity

• Must have a complete path or circuit so that 

electrons can flow

• If the current comes from the earth it must 

return to the earth.

• DC is direct current (in one direction)

• AC is alternating current (flows back and 

forth)



During Electrosurgery

• The AC current actually flows back and 

forth and enters the pt’s body, causing the 

pt. to be part of the circuit as energy is 

returned to the source of energy.

• Electrocautery is a misused term as it truly 

refers to a hot wire and uses DC current. 

These are battery operated devices



Frequency

• Refers to the number of waves passing 

through a given point over a specified 

period of time. It is measured in hertz (Hz) 

cycles per sec.

• ESUs operate frequencies well over 

100,000 Hz. Nerve and muscle stimulation 

stops at that level.



A normal household 

• A wall outlet  alternates at 60 cycles per sec 

or 60 Hz. 

• The ESU takes 60 cycle current and 

increases the frequency to over 200,000 Hz 

so that it can pass through the body without 

stimulating muscle or nerves or risk 

electrocution.



Your house



Modes

• Monopolar- Cuts and coagulates- must have 

a return plate (inactive electrode)

• Bipolar- Also cuts and coagulate without 

requiring a ground. The electricity goes 

from the generator into an instrument and 

back to the generator.



Power settings

• Can be pure of blended

• If frequency is high voltage can be low

• Cut mode is usually safer than other modes 

because it is a produces a continuous 

constant bombardment of electrons on the 

tissue.

• Higher settings produce extensive effects

• Fat requires higher settings, muscle less.



Grounded ESUs

• The grounded ESU was introduced in the 

1920s

• Electricity takes the path of least resistance

• Current can flow through any grounded 

alternative paths such as an EKG as it returns 

to a grounded site

• Pts have sustained burns as electricity 

searches for the most conductive object or 

path to return to ground 



Isolated ESUs

• In 1968 the industry introduced the isolated 

ESU.

• This has a transformer that causes the 

current to return only to the generator and 

not use alternative paths.

• If the current does not return the generator 

will shut down.



Isolated ESU continued

• An isolated system prevents alternative site 
burns but not patient return electrode (PRE) 
burns.

• The PRE’s function is to remove the 
electrical current from the patient safely.

• Problems can occur if the ground is tented 
(electricity will arc from the skin to the 
pad).The smaller contact area may burn. 



The ground site 

• Choose a well vascularized site such as a 

muscle mass.

• Avoid sites with hair, bony prominences, 

excessively dry skin, adipose tissue, site of 

a metal implant, scar tissue.

• Assure proper adherence of the pad to the 

skin or use the new large capacitive  pad 

that goes on the bed under a cover that is 

changed daily. (We don’t have it). 



New models

• A tissue response system is available 

(Valley Lab)that senses the impedance of 

the tissues and automatically adjusts the 

current. 

• The need to adjust the power settings for 

different tissue is reduced.



Feedback control generator and   

a bipolar instrument

• This provides a tissue seal using a minimal 

amt of time.

• Reduces the thermal spread as compared 

with other bipolar systems.

• The strength of the seal is comparable to 

ligation or clips.

• An example is the LIGASURE System



Three problems with 

electrosurgery and endoscopy

• Direct coupling

• Insulation failure

• Capacitive coupling



Direct Coupling

• Occurs when the active electrode touches 

another non-insulated metal instrument 

• It allows the electrical energy to flow from 

one to another and burn somewhere not 

wanted. 

• This is sometimes called pilot error because 

it is within the control of the surgeon.



Insulation failure

• If a crack or break is present in the 

insulation along the shaft of an instrument 

the electricity escapes and burns untargetd 

tissue. 

• The tissue being burned at high temps is not 

within the view of the surgeon.



Capacitive coupling

• This is a natural radio frequency (ESU 

energy) phenomenon  that can occur when 

energy is transferred through intact 

insulation on the shaft of the laparoscope to 

nearby conductive materials.

• A capacitor consists of two conductors 

seperated by an insulator.



example

• An electrode is activated within a narrow 
suction irrigator,

• The radio frequency energy can flow from 
the active electrode through the intact 
insulation

• It can transfer 20% to 80% of the power 
displayed on the ESU to the metal suction 
irrigator. The induced current can burn the 
bowel for instance.



Risk

• The use of monopolar electrosurgical 

instruments through a metal suction 

irrigator or shaft increases the risk of 

visceral burns through capacitive thermal 

energy.

• The laparoscope can also cause alternate-

site burns if the ESU is used through the 

scope. 



Why

• Because the instruments are long and 

narrow with thin insulation and if they are 

used with high voltage the risk will 

increase.

• The electro-surgical charge stays in the 

second metal instrument until a path to the 

Pt. return electrode is found to complete the 

circuit.  The abdominal wall usually can  

safely disperse the charge.



What will increase the chance of 

danger?
• If a nonconductive, plastic stability collar is 

in the path of the energy.

• Because now the energy cannot safely be 

discharged.

• So hybrids (combinations of plastic and 

metal instruments are avoided.

• Also some instruments are constructed now 

to catch stray current and return it to the 

ESU (active electrode monitoring devices)



ARGON Enhanced 

Electrosurgery

• Combines argon gas to the ESU

• ARGON is heavier than air, inert, and non-
combustable.

• It creates an efficient pathway for ESU 
energy to target tissue.

• The flow of argon gas clears the site of 
blood and fluids, allowing good viability. It 
blows away the oxygen.



Benefits

• Rapid coagulation

• Reduced risk of bleeding

• Non-contact tissue coagulation

• Reduced surgical plume

• Reduced depth of penetration by the 

electrical power and less adjacent tissue 

damage



Ultrasonic Device Surgery

• Vibrating energy is another safe option for 

cutting and coagulation. The high frequency 

sound waves produce produce ultrasonic 

energy of over 20,000 Hz an cannot be 

heard by the human ear.



How

• Electric current generates an electrical 

signal that is sent to a coaxial cable to a 

transducer in the handpiece. 

• The transducer converts the electrical 

energy to mechanical motion (through the 

contraction and expansion of ceramic 

elements. 



A longitudinal vibratory response

• Moves the tip at the end of the handpiece 

from 23,000 to more than 55, 000 Hz.

• As the power is increased the frequency 

remains the same, but the longitudinal 

excursion of the tip becomes longer.

• As the tip is in contact with tissue, the 

mechanical motion denatures and breaks the 

hydrogen bonds in tissue protein.



Tissue response continued

• The action causes protein molecules to 

become disorganized and a sticky coagulum 

forms and welds and coagulates the smaller 

bleeding vessels.

• No tissue plume is generated during the 

cellular destruction. A small amount of 

water vapor & thermal energy is produced, 

but the adjacent tissue damage is minimal.



Ultrasonic devices continued.

• Different tip configurations are available, 

including blade, ball and hook.

• Counter traction on the tissues usually 

applied.

• A shear-grasper to hold the tissue can  be 

used.



Advantages of ultrasonic devices

• No surgical plume

• No odor

• Less adjacent tissue 

damage

• No nerve or muscle 

stimulation is present 

because no electrical 

current is delivered to 

the target area.

• No stray electrical or 

laser energy is 

produced.

• There is precise 

cutting and control



Hydro-dissection and Irrigation

• Irrigation is essential 

during both open and 

endoscopic procedures

• Irrigation fluid can be 

manually introduced 

through an endoscope 

by a syringe and 

stopcock attached to 

irrigation tubing and a 

bag of fluid.

• Irrigation can flow by 

gravity or be forced as 

by a pressure bag.

• Pumps are also 

available.

• The irrigation used 

depends on the 

surgeon but 

traditionally NSS is 

used.



Irrigation

• Saline is however a conductive fluid.

• There is a risk of transfer of heat to 

surrounding tissue.

• So in the case of monopolar use H20 is often 

considered.

• Sorbitol is often used in hysteroscopy and it 

can rapidly be absorbed into the vascular 

system. The pt. must be monitored for CHF.



Cryosurgery

• This is freezing tissue. It can destroy skin 

tumors.

• Liver, prostate, retinoblastomas, and 

cervical problems are also treated with cold.

• The probe will produce an iceball and temps 

of -50C to -240 C (-400F)

• Liquid nitrogen can be used.


