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Electrosurgical Units
[image: image1.png]


Procedure No. 411-20090715-01 ( Major )
[image: image2.png]


Used For:
Electrosurgical Units, Bipolar  [18-230]
Electrosurgical Units, Monopolar [18-229]

Electrosurgical Units, Monopolar/Bipolar  [18-231]




Commonly Used In: 
Operating rooms, delivery rooms, outpatient surgical units

Scope: 
Applies to units that perform surgical functions (e.g., cutting, coagulation) by using high-frequency electrical currents that pass through the body (units may include other functions such as insufflation); does not apply to electrocautery units that use an electrical current to heat a tip for surgical effects; see Procedure 479 for Argon-Enhanced Coagulation Units

Risk Level: High

	Type
	Interval
	Time Required



	Major
	12 Months
	0 hours



	Minor
	0 Months
	0 hours







Overview: 
Surgical use of high-frequency current dates back to the early 1900s. Tesla and Oudin coil resonators in conjunction with spark gaps produced high voltages at very low currents, which were used to destroy superficial tissue with a spray of sparks from the active electrode (fulguration). No return connection was provided between the patient and the electrosurgical unit. Vacuum tubes were later introduced and provided continuous sinusoidal wave generation. Circuits could then be designed to produce lower voltages but higher currents. However, the higher currents required a reliable conductive path to complete the circuit, and the dispersive electrode (also called the butt, safety, patient, or ground plate, or return, neutral, or indifferent electrode) was introduced.

 

Most currently marketed units are solid-state units and generate a variety of waveforms without the use of a spark gap. They also incorporate microprocessor-controlled circuitry to monitor unit performance, adjust power settings, and, in most units, interrogate the quality of contact of the dispersive electrode to the patient.

 

Undamped, continuous sinusoidal currents (about 0.2 to 3.0 MHz) cut tissue with a cutting electrode or loop with minimal coagulation. The intense local heat explodes and volatilizes tissue cells. This type of current can also be used to coagulate with large surface electrodes or hemostats. Damped waves and current bursts coagulate, fulgurate, and desiccate with minimal cutting by generating heat in a wider region of tissue immediately surrounding the active electrode. The dry, fibrous residue left by the rapid dehydration of cells blocks vessels and prevents bleeding. A combination of damped and undamped waveforms cuts and coagulates simultaneously.

 

Reusable active electrodes and accessories, such as bipolar and laparoscopic forceps and leads, should be inspected periodically, but they are not usually readily available with the electrosurgical unit. Where practical, users or processing personnel should routinely inspect these items.

 

Test Apparatus, Supplies, Parts: 

· Electrical safety analyzer 


· Electrosurgical unit analyzer 


· High-resistance (20 MΩ) ohmmeter


· Variable resistance: 1 to 1000 Ω (e.g., decade resistor box)


· 50, 200, 300, 500 Ωnon-inductive resistors(if not using an ESU analyzer)


· Oscilloscope and high-voltage probe (only for acceptance inspection)


· Connectors, adapters, active electrode and/or return electrode, as required


· Open-circuited dispersive electrode connector may be required

Special Precautions: 
Electrosurgical units deliver high voltage and high power that can cause serious electrical burns. Be sure that all connections are secure and well insulated before performing any power output test. Do not contact either the active or dispersive electrode while the unit is activated. When making connections and whenever testing is not being performed, make sure the unit is off or in the standby mode.

Never operate any electrosurgical unit for prolonged periods during testing, especially at maximum control settings. Electrosurgical units can be damaged by such operation.

Hazardous high voltages are present inside electrosurgical units. Do not open the electrosurgical units for inspection or adjustment unless you are qualified to do so.

Never activate the unit with the active and dispersive electrodes connected together without a load resistance (short-circuited), since this may damage the unit.

Procedure: 
Be sure that you understand how to operate the equipment, the significance of each control and indicator, and the alarm capabilities. Before beginning an inspection, carefully read this procedure, the operators manual, and the inspection and preventive maintenance procedures recommended by the manufacturer (typically included in the service manual). Use the BiomedicalBenchmark Support Assessment Form to document a maintenance decision that reflects past experience with this type of equipment and the environment where it is used. Then use the IPM Procedure Customization Tool to modify this procedure as needed; the program will generate a documentation form with the corresponding changes.

 

Use an electrosurgical unit analyzer having appropriate load resistances for measuring electrosurgical unit output. Other methods for testing output (light-bulb loads, sparking the active electrode to the dispersive electrode, and cutting a slice of beef placed on the dispersive electrode) do not provide quantitative data and some methods may damage the electrosurgical unit. Do not use excessive lead lengths or coil the leads because either may affect measurement accuracy.

 

Note: ERBE electrosurgical units incorporate unique internal test programs. Follow ERBE's recommended test protocols for quantitative tests.

 

Qualitative tasks: Chassis/Housing.
Examine the exterior of the unit for cleanliness and general physical condition. Be sure that plastic housings are intact, that assembly hardware is present and tight, and that there are no signs of spilled liquids or other serious abuse.



Mount/Fasteners .

If the unit is mounted on a stand or cart, examine the condition of the mount. If it is attached to a wall or rests on a shelf, check the security of this attachment. 



Casters/Brakes .

If the unit moves on casters, check their condition. Look for corrosion and accumulations of lint and thread around the casters, and be sure that they turn and swivel, as appropriate. Check the operation of brakes and swivel locks, if the unit is so equipped.



AC Plug .

Examine the AC power plug for damage. Attempt to wiggle the blades to determine that they are secure. Shake the plug and listen for rattles that could indicate loose screws. If any damage is suspected, open the plug and inspect it.



Line Cord.

Inspect the cord for signs of damage. If damaged, replace the entire cord. 



Strain Reliefs.

Examine the strain reliefs at both ends of the line cord. Be sure that they hold the cord securely.



Cables.

Inspect the cables (e.g., footswitch) and their strain reliefs for general condition. Examine cables carefully to detect breaks in the insulation and to ensure that they are gripped securely in the connectors at each end to prevent rotation or other strain.



Fittings/Connectors.

Examine electrical connectors for general condition. Electrical contact pins or surfaces should be straight, clean, and bright.



Dispersive Electrodes.

If using reusable dispersive electrode cables, carefully, inspect them for any breaks in the insulation and other obvious damage. Examine the electrosurgical unit and dispersive electrode connectors for signs of damage. Confirm that their strain reliefs are secure.



Filters.

Check the condition of all filters. Clean or replace if needed, and indicate this on the inspection form. 



Controls/Switches.

Record the initial settings of those controls so that they can be returned to their original positions following the inspection. Examine all controls and switches for physical condition, secure mounting, and correct motion. Where a control should operate against fixed-limit stops, check for proper alignment, as well as positive stopping. Check membrane switches for membrane damage (e.g., from fingernails, pens).



Indicators/Displays.

Confirm the operation of all lights, indicators, meters, and visual displays on the unit. Be sure that all segments of a digital display function.



Dispersive Cable Continuity Monitor.

Confirm that this sentry triggers an audible alarm if continuity of the return dispersive is interrupted. The electrosurgical unit should be locked out of activation during this alarm condition.

 

To test the cable continuity monitor, turn on the electrosurgical unit and turn all output controls to minimum, disconnect any active electrodes, connect a complete cable and dispersive electrode assembly to the electrosurgical unit, and turn the unit on but do not activate it. Suspend the dispersive electrode in the air so that it does not touch any metal surface or object that might provide a current path back to the electrosurgical unit. Do not touch the electrode. The alarm should not sound.

 

A loose panel connection to the dispersive cable often causes the return cable continuity monitor's alarm to sound, which may annoy the OR staff. Wiggle the dispersive cable connection at the unit. If this cable motion sets off the alarm, suspect a weak connector, and arrange for repairs.

 

Unplug the cable connector from the electrosurgical unit. The unit should alarm immediately and should not activate. If this does not occur, the alarm itself may be defective.

 

If the dispersive electrode is permanently attached to the dispersive cable and the electrosurgical unit is designed to automatically disable the alarm when the dispersive cable is unplugged, use an open-circuited connector to test the alarm.



Audible Signals.

Operate the unit to activate any audible signals (e.g., activation indicator, dispersive cable continuity monitor). Confirm appropriate volume, as well as the operation of a volume control. Serious injury has been associated with warning signals (e.g., activation indicator) whose volume controls had been set so that the signals were not audible. If volume controls have been set too low, discuss this problem with users so that clinical practices can be corrected. Units that lack audible activation indicators should be removed from service. Units with audible activation indicators that can be set to inaudible levels should also be removed from service or modified by the manufacturer so that the alarm cannot be set to an inaudible level. 



Labeling.

Check that all necessary placards, labels, and instruction cards are present and legible.



Footswitch.

Examine the footswitch for general condition, including evidence of spilled fluids or corrosion. Check for any tendency of the footswitch to stick in the on position. Activate the switch in both the cut and coagulation modes and flex the cable at the entry to the switch to check for internal wire breaks that may cause intermittent device operation. 



Accessories.

Verify that all necessary accessories are available and in good condition. A copy of the operators and service manuals (electronic or hard copy), including schematics, should be shipped with the equipment. Manuals should be filed in the central equipment file and clinical instructions should be kept in the patient care area for easy access by clinicians. 



Quantitative tasks: Chassis Grounding Resistance.
Measure the resistance between the grounding pin of the power cord (if so equipped) and exposed (unpainted and not anodized) metal on the chassis. Grounding resistance should not exceed 0.5 Ω. If the unit is double insulated, grounding resistance need not be measured.



Dispersive Electrode Grounding Resistance.

Measure the resistance between the dispersive electrode and the ground pin of the power cord. This measurement should indicate an open circuit (exceeding 20 MΩ or highest reading of the ohmmeter) for isolated-output units or grounded units that have a capacitor between the dispersive electrode and ground; the latter are called ground-referenced units. A value less than 20 MΩ for ground-referenced units suggests a defective capacitor between the dispersive electrode and ground inside the electrosurgical unit. An initial low resistance that drifts, as the capacitor charges, up to a value over 20 MΩ is acceptable. ECRI Institute recommends that units with the dispersive electrode connected directly to ground be replaced with isolated-output or ground-referenced units.



Dispersive Electrode Monitor.

Most electrosurgical units incorporate a dispersive electrode continuity monitor and dispersive electrode contact quality monitor as safety features. To test these features, turn all output controls to minimum, disconnect all electrodes and turn on the electrosurgical unit. Typically, when a unit is turned on without a dispersive electrode connected, a dispersive cable continuity alarm occurs.

 

To test for appropriate adjustment of the continuity monitor, create a continuity test cable by cutting off the electrode pad from the cable. Strip the insulation from the two conductors of the cable to expose the conductors. If the dispersive electrode connector incorporates a pin between the conductors, cut off the pin flush with the connector. Twist the two cable conductor wires together. When shorted, the continuity alarm should cancel. If it does not, the monitor needs to be serviced. Next, open the conductors and connect the variable resistor (or individual resistor) across the conductors. Then, either by increasing the variable resistor (or using appropriate individual resistors), starting at 1 Ω, increase the resistance value until the electrosurgical unit's continuity alarm activates. The threshold value to trigger the alarm should not exceed 1000 Ω. However, typical threshold values will range from 5 to 50 Ω. 

 

To test the dispersive electrode contact quality monitor a dual foil("split pad") electrode must be used. Create a contact quality monitor test cable by removing the electrode pad as above, but do not remove the pin on the end of the connector. (The pin activates the contact quality monitor when the pin is installed in the dispersive electrode socket of the electrosurgical unit). With the cable connector plugged into the unit and the conductors in either the open or shorted condition, a contact quality fault alarm should occur. If no alarm occurs, the monitor needs to be serviced. To determine the resistance range to satisfy the contact quality monitor, adjust the variable resistor (or by selecting appropriate individual resistors) to 50 Ω, and connect the variable resistor (or individual resistor) across the cable conductors. Verify that the electrosurgical unit's dispersive (return) electrode alarm is not active. Decrease the resistance between the cable conductors until the electrosurgical unit's dispersive electrode alarm activates. Measure and record the resistance value. Again, set the variable resistor to 50 Ω. Verify that the dispersive electrode alarm is not active. Increase the resistance value until the dispersive electrode alarm activates. The acceptable resistance range (resistance that does not trigger the dispersive electrode alarm) should be between 5 Ω and 150 Ω. 



RF Output Current/Power.

Connect the RF output current or power meter to the active and dispersive connections on the electrosurgical unit. On units with a dispersive electrode (dispersive electrode) continuity monitor, use a dispersive electrode or an appropriately wired adapter.

 

Do not operate the unit at high control settings for prolonged periods, since this places an unrealistic and unnecessary strain on both the electrosurgical unit and the test device.

 

Output power should be tested according to the manufacturer's recommendations. If the electrosurgical analyzer in use does not have the load resistance suggested by the manufacturer, it can still be used, but output powers may be different from those given in the service manual (some manuals may indicate how output varies with load resistance). Record the load resistance used on the inspection form.

 

Test the unit's primary and secondary monopolar terminals at the manufacturer's recommended output settings or at low, medium and maximum settings in the primary operating modes: CUT, COAG and BLEND. Record the output power from the test device or calculate the power from the output current and load resistance. The measured power should be within ±5 W or ±15% of the setting, whichever is greater.

 

Test the unit's bipolar terminals at the manufacturer's recommended output settings or at low, medium and maximum settings in micro and macro bipolar modes, if applicable. Record the output power from the meter or calculate the power from the output current and load resistance. The measured power should be within ±5 W or ±15% of the setting, whichever is greater. Any unit not within recommended tolerances should be calibrated by qualified service personnel.

 



RF Output Isolation.

This test is intended for isolated output units to determine whether the isolation has failed or degraded. Do not perform this test on units with directly grounded dispersive electrodes or with dispersive electrodes connected to ground through a capacitor (i.e., ground referenced units). Consult the unit's manual if you are uncertain whether it is an isolated output device. The isolation test should be conducted after the output power measurement.

If the ESU analyzer has an isolation test mode, follow the analyzer's instructions. Otherwise, connect the output current/power meter between the active cable and a ground (e.g., the chassis of the unit). The dispersive cable and dispersive electrode of the electrosurgical unit must not be in contact with ground. If the unit has no dispersive circuit monitor, unplug the dispersive cable from the unit. If the unit has a dispersive sentry, suspend the dispersive electrode in the air by hanging the dispersive cable over a hook or use an appropriately wired adapter. (The dispersive electrode or wired adapter must not be in contact with any grounded object). For this test, the lengths of the cables used should as short as practicable.

WARNING: To avoid the possibility of burns, do not hold or touch the electrode.

Adjust the unit to its maximum setting in pure CUT mode and measure the current or power to ground through a non-inductive 200 Ω load resistor. Then, adjust the unit to its maximum setting in COAG and measure the current or power to ground. In either output mode, the current should not exceed 150 mA or, if power was measured, it should not exceed 4.5 W.

Repeat the RF output isolation test for the dispersive electrode.

If the ESU analyzer has an isolation test mode, follow the analyzer's instructions. Otherwise, connect the output current/power meter between the dispersive cable and a ground (e.g., the chassis of the unit). Suspend the active electrode in the air by hanging the active cable over a hook. The active cable of the electrosurgical unit must not be in contact with ground. For this test, the lengths of the cables used should as short as practicable.

As before, do not operate the unit for long periods at maximum control settings, since this will stress the unit.



Preventive Maintenance: Clean.
Clean the exterior and interior, if needed.
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