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Questions for discussion

1. How is electricity distributed from the power company?  Why is the peak voltage 150 volts, not 120 volts?  What happens if you personally complete a circuit between the following leads:


A) Hot - Hot


B) Hot - Neutral


C) Hot - Ground


D) Neutral - Ground

2. How is electricity distributed in the operating room?  What happens if you personally complete a circuit between the following leads (now called A and B):


A) A - A


B) A - B


C) A - Ground


D) B to Ground


E) You do A - Ground, and I do B - Ground

3. In 1979 Chambers and Saha published a report of intraoperative electrocution. (Electrocution during anaesthesia. Anaesthesia 34:173-175, 1979).  A young obstetric patient was anesthetized for a laparotomy.  EKG electrodes were applied.  The EKG was of an older type in which the “grounding electrode” did, in fact, complete a connection to the ground.  The surgeons requested that the electrically operated table be raised.  When the table was raised, a sparking was observed on the operating room table.  The patient died from a cardiac arrest.  Subsequent examination of the table revealed a faulty electrical foot switch to control the table that shorted current directly to the table.  The circuit was completed via the EKG electrode.

A) 
Would an isolation transformer have prevented her death?  What if it had no line isolation monitor? 

B) 
Should electrically powered O.R. tables be grounded?  Should manually cranked tables be grounded?

4. How could twitch monitors pose an electrocution risk? Please calculate the skin resistance required to support your answer.

5. Please diagram the line isolation monitor.  

A) 
How does the line isolation monitor assure that maximum current that could flow to ground, following a complete short to ground, is only 2 mA?  What assumption does this depend upon?

B)
Does an isolation transformer protect against microshock? 

6. In an excellent review article Professor Chris Hull makes the odd claim that when an isolation transformer is used "a broken earth (ground) lead actually makes it safer!" (Hull, CJ.  Electrocution hazards in the operating theatre. Brit J of Anaesth, 50:647-657, 1978).

Under what circumstances is this bizarre statement correct?  

7. Microshock review:

A) 
Occasionally a central line is directed into the right atrium by attaching the port to an EKG monitor.  Does this increase the chance of microshock?  What precautions might be appropriate prior to making this connection?  

B)
Does the temperature probe in an esophageal stethoscope pose a risk of microshock?  

C) 
Would the risk of microshock be reduced if all intracardiac catheters were grounded?

D)
Should the leads for pacing P.A. catheters be placed in an insulating container (e.g. rubber glove) rather than lying exposed next to the patient?

E)
Should the SICU have an isolation transformer and a line isolation monitor?

8. The surgeon notes that the bovie is weak at the usual setting, and requests that the nurse turn the power way up.  At twice the usual setting there is enough power to proceed with the operation.  

A)
Is the patient at risk for being burned?

B)
Many surgeons use towel clips affixed to the patient's skin to hold the bovie cable.  Is this dangerous?  

9. Who is buried in Grant's tomb.  Is he grounded?

Data Base


There are two major hazards from electrical appliances in the operating room: burns and arrhythmias.  There are three types of electrical currents which warrant separate discussions: macroshock, microshock, and radiofrequency (Bovie) currents.

Review of Electrical Circuits


Electrical currents flow in circuits.  In the case of a patient, a path must exist from the electrical source to the patient, and another path must exist from the patient back to the electric source, for a shock hazard to exist.  The  current, "I", is measured in amperes.  For a current to flow through a conductor there must be a voltage difference, "V", from one end of the conductor to the other.  Finally, every conductor, except for certain supercooled metals, offers resistance, "R", to the flow of current.


The relationship between current, voltage, and resistance is expressed in Ohm's law: V=I * R.  This is the same relationship as between cardiac output (current), mean arterial pressure minus central venous pressure (voltage), and systemic vascular resistance : (MAP - CVP) * 80 = C.O. * SVR.  Usually, Ohm's law for the circulation is rearranged to solve for SVR.  In considering electrical safety, we are mostly interested in solving for current flow through the patient:  I = V/R.


Current density is the amount of current flowing per unit area.  There are situations in which a fairly small current can cause burns or arrhythmias because the current density is large (e.g. the current is delivered to a small area of tissue).


The electric companies in the United States have standardized their delivered voltage to about 120 volts. The peak voltage in a "120 volt" alternating current line is about 150 volts, which I will use for our calculations.

Macroshock


Macroshock has the potential for both burns and cardiac arrhythmias.  Currents pass through the extremities mostly through the muscles.  A current flowing from arm to arm, or arm to leg, must pass through the thorax.  In the thorax the current is split between the chest wall and the great vessels, which obviously deliver the current directly to the myocardium. 


Several factors in the operating room place the patient at unusual risk for electrocution.  The patient is unclothed and frequently wet.  The patient is on a large metal table, frequently electrically operated, to which he or she may be connected by large wet towels.  The patient is surrounded by electrical devices, and is directly connected to several of them.  These electrical devices are exposed to spilled fluids and operator abuses that increase the potential for short circuits.  Finally, the anesthetized patient is unable to respond to or withdraw from an electric shock.


How much current can we deliver to the anesthetized patient?  In the case of a direct contact with line voltage, a patient may receive 150 volts. The current he can receive therefore depends on the resistance to flow (I=V/R).


The main resistance to flow of current is the skin.  The resistance of dry skin is about 50,000 ohms.  The current through dry skin is therefore 150V / 50,000 ohms, which is .003 A, or 3 mA (milliamps).  The current required to produce ventricular fibrillation  across an arm-arm or arm-leg circuit is 80mA.  Thus, a 3 mA current might cause a localized burn, but could not deliver a high enough current density to the myocardium to cause fibrillation.  (I suggest you take this on good faith and not check it out at home.)  The resistance of wet skin is 1/100th that of dry skin, about 500-1000 ohms.  This is also about the resistance of EKG electrodes.  The current that could be delivered is therefore 150V / 500 ohms, which is 300mA.  This is well above the 80 mA threshold for ventricular fibrillation.  


What is the voltage required to produce an 80 mA current across wet skin? If the patient is 500 ohms, then the voltage is 40,000 mV (500 ohms * 80mA), which is 40 volts.  How could a patient come into contact with 40 volts in the O.R?  To answer this, we must consider how power is supplied by the power company and distributed to users.


The power company supplies two lines: a "hot" lead and a neutral or "ground" lead.  The neutral lead is connected to ground at the power company. The earth, although not a very good conductor per unit of cross-sectional area, has such an immense cross-sectional area that it functions as an excellent electrical conductor.  The neutral lead is also connected to the ground at the point that the electrical wiring enters the building.  A third lead, called the "ground wire" is also connected to ground at this point: 

                                                    ________________

                                                   /      ___       \

    \ - - - - /                                   /      |_|_|       \

     \       /                                   /       |_|_|        \

      \     /                          Service  /______________________\

       |   |                          Entrance  |   ___          ___    |

      /     \                                   |  |   |        |   |   |

     /       \                                  |  |___|        |___|   |

    / _______ \  _____Hot____________           |                       |

    | Power   |                       \_________|         ____          |

    | Company |                        _________|        |    |         |

    |_________|  _____________________/      |__|        |   .|         |

                   |  Neutral                |  |        |    |         |

                   |                         |  |        |    |         |

                   |                         |  |        |    |         |

                   |                         |            Hot

                . .| . . . . ground . . . . .|. .         Neutral

                   |                         |            Ground


These three wires are then distributed to all electrical devices.  The hot and neutral leads connect to the device to power it, while the ground lead connects to the chassis of the device to return any current leaking from the device back to the ground:

                                     ______________________________

                                    /                              \

        Hot _______________________/_____________/\/\/\/\/\/\/\     \

                                  |                            |     |

    Neutral ______________________|______________/\/\/\/\/\/\/\|     |

                                  |               (filament)         |

     Ground ______________________|                                  |

                                  |          T o a s t e r           |

                                  |__________________________________|

                                      (Ground connects to chassis)


The reason a ground lead is included in the circuit is that some current leaks to the chassis.  In the worst case, the "hot" lead may come in contact with the chassis.  If the chassis is not grounded, or if the ground wire is broken, then the chassis is "hot" and may electrocute anyone who happens to complete the circuit.


If the chassis is properly grounded, then current will flow through the ground wire.  Because there is little resistance in this circuit, the current will be very high and a fuse will blow.  If the fuse fails to blow the high currents will generate substantial heat, until either the wires melt or the insulation ignites.

               (short circuit)

                   ! ! !

                  ___!_______________

                 /   |               \                 _____

  _____Hot______/____|___/\/\/\/\     \              //     \\

               |                 |     |  Patient    |  * *  |

  __Neutral____|_________/\/\/\/\|     |  wants     >|   ^   |<

               |                       |  toast:     \   O   /   /

               |                       |...........|  \_____/   /

               |     T o a s t e r     |           |_____|_____/

    ___________|_______________________|                 |

  /                                                      |       Patient

  Broken Ground             ______________              /.\        is

  \                         | O.R. table |-----towel-- /   \         toast

  /                          \__________/             /     \

   /                              |                  /       \

  /                               | Ground wire    _/         \_

  \ . . . . . . . ground . . . . .|. . . . . . .


In the above example, someone has brought a toaster into the O.R.  Unfortunately, they have brought in a toaster which has a broken ground wire, and a direct short between the hot lead and the chassis!  Our anesthetized patient is connected to the grounded O.R. table by a wet towel.  He emerges from his anesthetic and reaches for the toaster.  ZAP!


This circuit could also have been completed by an older style EKG monitor in which the patient is connected to the ground by the ground (green) electrode.  To avoid helping electrocute the patient, no properly functioning modern monitoring device will complete a circuit between the patient and ground.  Additionally, the “ground” plate on the electrocautery unit is not a true ground at all, but merely the return electrode.


What happens if the neutral wire comes in contact with the chassis?  If the circuit is off, probably nothing.  Remember that the neutral wire is at ground potential when no current is flowing, since it is connected to ground at the service entrance.  However, let us assume that the device is on, and a 10 amp current is flowing in the circuit.  


We commonly think of the chassis as having no potential voltage if it is grounded.  This is incorrect whenever current is flowing through the ground wire.  Unless the ground wire is a superconductor (not possible at room temperature) there will be voltage difference between the chassis and ground whenever current is flowing through the ground wire.


Let’s assume the neutral wire connects accidentally to the chassis of a device.  This is often considered a harmless short circuit.  After all, the neutral wire is already connected to the ground lead at the service entrance.  However, there are implications in the O.R. to this “harmless” short.


Let’s assume the device is turned on and a current of 10 amps is flowing through it.  If the neutral and ground wires are of equal caliber then the current will divide into two equal currents of 5.0 amps, one flowing through the neutral wire and one through the chassis to the ground wire.  Size 18 wire, which is commonly used in the O.R., has a resistance of .0064 ohms per foot.  If the cable is 10 feet, then the resistance will be .064 ohms.  A 5 amp current will thus raise the voltage of the chassis by 320 millivolts (5.0 amps * .064 ohms = .32 Volts = 320 mV), ”even though the chassis is properly grounded!


If either the ground wire or neutral wire breaks, then the entire 10 amp current will flow through the other wire.  The chassis voltage will rise to 640mV.  This is not enough to cause macroshock, (we previously calculated that 40 volts [40,000mV] was required) but, as we will see below, is well above the threshold required for microshock.


There are several obvious steps to prevent macroshock in the O.R.  Equipment must be designed so the hot wire cannot easily short out with the chassis.  Every chassis must be grounded.  The ground wires must be regularly inspected, because a failed ground wire will permit the chassis to come up to full line voltage unnoticed.  Finally, patients should not be connected to potential grounds, or to monitoring equipment which provides a direct connection to ground.


One of the best ways of preventing macroshocks, however, is the line isolation transformer.  The isolation transformer is really a very simple device which prevents a circuit from being completed by connection to ground.

                            ___________________

                           | _________________ |

           Hot_____________||                 ||___________A

                           ||   Isolation     ||

           Neutral_________||  Transformer    ||___________B

                     |     ||_________________||

                     |     |___________________|

           Ground____|_____________________________________


The wires on the left side carry the current coming from the power company.   This current utilizes a hot lead and a neutral lead, as discussed above.  If you grab the hot lead, and either the ground or neutral lead, you may be electrocuted.


The wires on the right side carry the current into the operating room.  Since there are the same number of windings on both sides of the coil, the voltage between wires A and B is the same as that between the hot and neutral leads on the left.  If you grab wires A and B, you may be electrocuted.  However, that is tough to do.  The electrocution hazard usually involves completing the circuit through ground.


If you grab wire A and the ground, virtually no current can flow.  The reason is that the ground does not complete a circuit back to the right side of the coil.  If you grab wire B and the ground, again no current can flow through you and back to the right side of the coil.


What happens if you grab wire B and the ground wire, and a friend grabs wire A and the ground wire?  You both get fried.  The current can flow from wire A, through you, to the ground wire.  From the ground wire it will flow to your friend, through him, and back to wire B.  This illustrates the important point that to defeat an isolation transformer requires two breaks in the system.


Note that the ground wire serves as an alternate path between wires A and B.  The fact that the ground wire happens to be plugged into the earth at the service entrance is irrelevant:

                    ___________________

                   | _________________ |

   Hot_____________||                 ||___________A_____________

                   ||   Isolation     ||                         \

   Neutral_________||  Transformer    ||___________B_____        /

             |     ||_________________||                 \    Patient 

             |     |___________________|           short:/       /

   Ground____|___________________________________________\_______\

Assume wire B shorts out with the ground, E.G. via a direct short with the chassis of the electrical device.  The system now becomes exactly like the current as it enters the hospital: wire A is the "hot" lead and wire B is neutral.  This is no more dangerous than using any electrical device without benefit of an isolation transformer.  The danger is that somewhere the patient may be exposed to the current from wire A, complete the circuit

to the ubiquitous ground, which will then flow through the ground wire, back through the shorted out device, to wire B.  The patient will be electrocuted.


It is easy to monitor a line isolation transformer to see if there is any connection between either wire and ground.  One crude monitor we have already mentioned:  grab wire A and ground.  If there is a short between wire B and ground, you will feel an

electric current when you grab the ground wire and wire A.


We can do the same thing electronically.  First, we must replace your body with a resistor for current to flow from line A to ground.  Next, we must place an ammeter on the circuit (since it can't just say "ouch" to signal current flow).  As in the above example, if there is a short between line B and ground, we will be able to sense current flow between line A and ground through our resistor.  By knowing the resistance of our resistor between line A and ground, and by measuring the current flowing, we can compute the resistance between line B and ground. 

                                                              resistor           

                    ___________________                    __/\/\/\/\/\/\ 

                   | _________________ |                  |             |

   Hot_____________||                 ||___________A______|__           | 

                   ||   Isolation     ||                             ___|___

   Neutral_________||  Transformer    ||___________B_________       | ( / ) |

             |     ||_________________||     \\                     |       |

             |     |___________________|     // short               |ammeter|

   Ground____|_______________________________\\________             |       |

                                                       |                |

       Line Isolation Monitor:                         |                |

       Current flows from line A, through resistor,    |________________|

       ammeter, ground wire, and short, back to B.           ground


The line isolation monitor alternates rapidly between line A (shown above) and line B, looking for a short on the opposite line.


For the meter to check for a short between B and ground, it must create a short between A and ground.  This is exactly the circuit the line isolation transformer is trying to prevent!  Therefore, the connection between A and ground is created using a resister. The resistor has a resistance of about 150,000 ohms, so that the maximum current which can pass through the monitor is 1mA (150V / 150,000 ohms = .001A).


When the resistance detected by the isolation meter falls to less than about 75,000 ohms, a warning is signaled.  This warning means that, should the other line come in full contact with ground, a current of 2 mA (150V / 75,000 ohms) could flow.  The 2 mA maximum current was chosen as the minimum current that might cause an explosion hazard (Leeming, 1973). 


If line A becomes connected to the chassis, and the ground wire breaks, then the line isolation monitor will not show any change in the resistance between line A and ground.  If line B becomes connected to the chassis of another device, also with a

broken ground wire, the potential for electrocution exists.  The line isolation monitor will indicate no fault, but should a patient come in contact with both chassis, it will be the same current as if he had grabbed line A and line B.  This is another reason that ground wires must be regularly inspected.  The line isolation monitor will be unable to detect a

dangerous situation in the presence of broken ground wires.


The twitch monitor poses a modest macroshock hazard.  Good twitch monitors can produce 75mA of current, which is very near the documented threshold of 80mA known to produce fibrillation across an arm-arm or arm-leg circuit in adults.  Since the current density will be increased in smaller patients, this may be above the fibrillation threshold in children. 


It is not likely that anyone will hook one electrode to each arm of a child to assess whole body twitch.  However, it is not difficult to construct possible paths by which the current from the twitch monitor might cross the heart:


A small (50kg) anesthesiologist has just performed a very difficult intubation.  Her hands (pardon the sexism, but I don't known any 50kg men) are soaked with sweat.  She pushes the tetanus button on a twitch monitor, realizes it is not connected, and picks up one lead with each hand...


A child is connected to the O.R. table by means of a wet drape between his leg and the table.  One of the twitch leads falls off his arm and lies against the metal frame of the O.R. table...

Microshock


Microshock refers to currents delivered directly to the myocardium via intracardiac electrodes or catheters.  Because the current is delivered to a very small area, only a very small current is required to reach the fibrillation threshold.  The currently accepted minimum current is 10 (A (microamps = 1/1000 of milliamps which we were discussing above).


The intracardiac lead represents only half of the circuit.  The current must travel through the patient to return to its source.  The resistance of this circuit is therefore the patent's resistance plus the electrode's resistance.  The patient's resistance to flow will be about 500 ohms.  The voltage required to generate 10 (A through a 500 ohm circuit is 5mV (500 ohms * 10 (A [0.01 mA]).


The resistance of a saline filled catheter is substantially higher than that of a pacing electrode.  Hull's article (question 6, above) gives the resistance as possibly 25,000 ohms.  The voltage that would be required to produce microshock through a saline filled catheter is thus 255mV (.01mA * [25,000 ohms + 500 ohms]).  This is still a very small voltage; it is one-sixth the voltage delivered by a 1.5 volt penlight battery.


The following table may help to compare the voltages required for macroshock currents and microshock currents: 

Patient             Resistance      Minimum         Voltage

Setting             (Ohms)          Current         Needed

                     "R"              "I"           I * R

Dry Skin            50,000          40mA (macro)    2000V

Wet Skin            500             40mA (macro)    20V

Pacer Electrode     500             10(A (micro)    5mV

P.A. catheter       25500           10(A (micro)    255mV


In the above discussion of neutral ground power systems, it was noted that if the neutral wire connects with the grounded chassis on a device requiring 10 amps of current, this would raise the chassis to 320mV.  If either the ground wire or the neutral wire should break, the chassis voltage would rise to 640mV.  This small voltage would hardly be noticed to the touch, yet it is above the fibrillation threshold for saline intracardiac catheters, and two orders of magnitude above the fibrillation threshold when pacing electrodes are in the heart, even though the ground wire is functioning properly!


How much safety does the isolation transformer provide against microshock hazard?  First, if the ground wire is intact then it should not be possible for the chassis to become connected to either lead without setting off the line isolation monitor.  However, there is always a partial connection between the power wires and the chassis simply because insulation can never be 100%.  How high can this voltage rise before the line

isolation monitor signals a fault?


The line isolation monitor will signal a warning if the resistance between the ground and either wire is less than 75,000 ohms, which corresponds to a 2mA current running through the ground wire (150V / 75,000 ohms).  What will be the voltage on

the chassis if a 2mA current is running through the ground wire? 


As was mentioned above, the resistance across a 10 foot wire, #18 gauge, is .064 ohms.  Therefore, a 2mA current would thus raise the chassis to a voltage of .120mV (2mA * .064 ohms).  This is well below the 5mV required to pass a 10 (A current through a 500 ohm patient.  In other words, if the isolation monitor is working, and the ground wire is intact, then the chassis cannot come up to a voltage that poses a microshock hazard.


What if the ground wire breaks, and one of the power lines is in contact with the chassis?  As mentioned, the line isolation monitor will not detect this.  The current can then flow from the chassis, through the patient, to ground.  The resistance of this portion of the circuit is 500 ohms.  From the ground the current will flow back to the transformer.  A functioning line isolation monitor ensures that the resistance in this portion of the

circuit is at least 75,000 ohms (the minimum permitted short from either line to ground).  Thus, the total resistance to flow is 75,500 ohms (75,000 ohms between the power line and ground, and 500 ohms between the patient and ground).  The possible current is 150V / 75,500 ohms, which is 2mA.  This is well above the 10 (A current

required for microshock.


What if there is an internal short in an EKG device, which allows full line voltage to connect with the patient via the EKG electrode?  This might happen in an older style EKG monitor which does not have an "isolated power supply."   This would create the

same circuit as the patient in contact with the chassis of the above device described in the previous paragraph (power line shorted out to the chassis, broken ground).  A 2mA current could flow through the patient.


The point is this: it takes two shorts to the chassis of two devices, with both ground wires broken, for an undetected macroshock hazard to exist when using a line isolation transformer.  However, a single short to the chassis of a device with a broken ground, or an internal short in a device lacking an isolated power supply, can create an undetected microshock hazard.  


If ground wires are working, and all devices which are electrically connected to the patient have isolated power supplies, then the line isolation transformer will provide

protection against both macroshock and microshock.  If devices do not have isolated power supplies, then the transformer and monitor cannot guarantee a microshock hazard does not exist.


As mentioned above, microshock requires that the current be delivered to a very small area of the myocardium in order to reach high current density.  CVP catheters, unless they float into the right ventricle, pose minimal microshock hazards.

Electrocautery


Frequencies of 500,000 to 2,000,000 Hz are used by electrocautery ("Bovie") units.  These frequencies are too high to fibrillate the heart.  The major concern about the use of electrocautery is burn prevention.


Electrocautery units are obviously capable of causing burns; that is, after all, what they are used for.  The tip of the electrocautery probe concentrates the current at the surgical site, producing a burn.  The current density quickly dissipates as the current spreads throughout the body.


The current is returned to the electrocautery machine by the "grounding plate."  This grounding plate does not ground the patient to the ground.  As discussed above, patients should not be grounded!  Although called the ground plate, it is merely the return electrode to the electrocautery unit.


The patient does not get burned at the grounding plate because the plate covers a very large surface, hence the current density at the plate is low.  There is some heat build up at the ground plate, however, so the plate should be over a well perfused area of tissue, preferably muscle, to dissipate the heat.  If the gel of the plat has dried, or if the plate is not properly applied, then the current may be forced to return through a much smaller area of the plate, resulting in higher current density and possibly a burn.


The grounding plate may have a broken wire between it and the electrocautery unit.  In this case, the current will find alternate routes back to the electrocautery unit.  The frequencies generated by the electrocautery unit are radio frequencies.  Current at this high frequency does not need a direct connection to flow.  Instead, the patient will act as an antenna, and current will flow by inductance to other conductors in the room.  These other conductors will have some ability to pass the current back to the electrocautery unit.


The most likely other conductors are EKG electrodes.  If an older EKG is being used in which the neutral (green) electrode is attached to ground, then the current can find its way back to the unit through this electrode.  Concentrating the current at the site of the neutral EKG electrode has been responsible for numerous burns.  With newer EKG machines, there is no preference for any electrode, as none of them connect with ground.  However, if an EKG cable happens to drape near the metal O.R. table, which then connects to ground, it is very easy for the current for find its way back to the electrocautery unit by means of capacitance between multiple antennas.


Any other conductor that the patient may be in contact with, such as the table, iv. poles, the ether screen, etc., may serve as a potential route for the bovie current to pass back to the electrocautery unit.  If this happens, there will be a high current density at the point where the patient is in contact with the conductor, and the potential for burn.


Clearly, the most important aspect of electrocautery is to be certain that the ground plate is properly positioned, and that the wires are intact between the plate and the electrocautery unit.  Although electrocautery units have built-in safeguards to make certain the plate is functioning, they may not work.


Units may check that the ground plate is plugged in, but not check for broken wires.  Units may check for broken wires (by checking the resistance to flow between two parallel wires from the plate to the unit) but cannot check that the plate is actually placed on the patient.  Some units attempt to complete a full circuit via the patient with a lower current prior to activating the bovie current.  These units can be fooled by alternate current paths in the event that the ground unit is not attached.  Additionally, the currents used to test the circuit are not radiofrequency currents, but 60Hz currents that pose a potential microshock hazard!


Even when the ground plate is functioning properly, if an EKG lead is much closer to the surgical site than the ground plate, some of the current may return through the EKG lead, burning the patient.  This problem can be minimized by placing RF inductors (chokes) on the patient end of the EKG cable.  Chokes will prevent current from flowing through the signal electrode.  However, they are rarely used.


Ground plates should not be placed over metallic prostheses.  Current is concentrated at points in conductors with high curvature (i.e. sharp points).  If the plate is placed over a screw in a patient's hip, the current may return to the plate via this internal lightening rod, resulting in an internal burn.


Laparoscopic surgery warrants special attention.  The laparoscope creates a spark in the abdomen, where bowel gas creates an explosion hazard.  Additionally, it does not take much current to burn the bowel, possible causing perforation.  Thus, it is important to eliminate sparking and alternate paths that could result in a high current density through the bowel.


The use of low power electrocautery units minimizes sparking.  Bipolar electrodes are used to keep the current confined to the narrow gap between the electrodes, helping to reduce the chance of current flowing through the bowel.


Sometimes electrocautery is used to perform tubal ligations.  As the fallopian tubes char, the resistance to flow between the bipolar electrodes will increase.  The current will find alternate pathways from one electrode to the other.  It is important that the ”laparoscope itself not be grounded, otherwise current may flow from electrode to the bowel to the laparoscope and from there back to the unit.  The high current density between the bowel and the laparoscope might result in burning of the intestine.


Lastly, electrocautery devices are common sources of ignition of fires in the operating room.  The fuel for fires are readily available in the operating room, and include alcohol based prep solutions, bowel gas, and drapes.

Boredom Relief During Dull Cases:

Questions and Answers on Electrical Safety

Q: What are the major hazards from electricity in the operating room?

A: burns and arrhythmias.

Q: What are three types of electrical currents?

A: macroshock, microshock, and radiofrequency (Bovie) currents.

Q: What unit is current measured in?

A: amperes. 

Q: What unit is voltage measured in?

A: volts.

Q: What unit is resistance measured in?

A: Ohms.

Q: What is Ohm's law?

A:  V=I*R.

Q: What is a physiologic equivalent to Ohm's law?

A: (MAP - CVP) * 80 = C.O. * SVR.  Usually, Ohm's law for the circulation is rearranged to solve for SVR.

Q: Why is current density important?

A: There are situations in which a fairly small current can cause burns or arrhythmias because the current density is large (e.g. the current is delivered to a small area of tissue).

Q: What is the maximum voltage in a "120 volt" line?

A: 150 volts.

Q: How does a current pass from arm to arm or to leg?

A: It splits between the chest wall and the great vessels.

Q: Where do the great vessels go?

A: Bottom of the Atlantic.

Q: Why are patients in the O.R. at increased risk of electrocution?

A: The patient is unclothed, wet, surrounded by electrical devices, directly connected to several of them, and anesthetized.

Q: What is the resistance of dry skin?

A: 50,000 ohms.

Q: How much current can we deliver to the dry anesthetized patient?  

A: 150V / 50,000 ohms, which is .003 A, or 3 mA (milliamps). 

Q: How dangerous is a 3mA current?

A: Not a macroshock hazard (only a local burn at worst, no arrhythmia).

Q: What is the resistance of wet skin?

A: 500-1000 ohms.

Q: What is the resistance of EKG electrodes?

A: 500-1000 ohms.

Q: How much current can we deliver to a wet patient?

A: 150V / 500 ohms, which is 300mA

Q: Is this dangerous?

A: Yup.

Q: Why?

A: Only 80mA across an arm-arm or arm-leg circuit is required to produce ventricular fibrillation.

Q: What is the maximum voltage you could expose a patient to, and be assured of delivering only 40mA.

A: (500ohms * 40mA) = 20V.

Q: Shall we discuss sources of 20V current in the O.R?

A: No.

Q: What leads does the power company supply?

A: A "hot" lead and a neutral lead.

Q: Where is the neutral lead connected to ground?

A: at the point that the electrical wiring enters the building.

Q: What else is connected to the ground at the service entrance?

A: The ground wire.

Q: Why supply a ground wire to every metal chassis?

A: some current leaks to the chassis.

Q: How could a chassis expose a patient to 150V?

A: If the "hot" lead comes in contact with the chassis, and the chassis is not grounded.

Q: What else would a patient have to touch to be exposes to a 300mV current from this 150V chassis?

A: Any grounded chassis or device.

Q: Should patients be grounded?

A: Definitely not.

Q: What was a frequent source of patient grounding several years ago?

A: EKG machines (the green electrode).

Q: Is the voltage of the chassis raised if the neutral wire comes in contact with it?

A: Only if current is flowing.

Q: What happens if current is flowing?

A: The current divides between the ground wire and the neutral wire.

Q: If the wires are of the same caliber, what portion of a 10A current will flow through the ground wire?

A: 5 amps.

Q: Why will a 5 amp current raise the voltage of the chassis?

A: Unless the ground wire is a superconductor (not possible at room temperature) there will be voltage difference between the chassis and ground whenever current is flowing through the ground wire.

Q: What is the resistance of #18G wire?

A: .0064 ohms per foot.

Q: What is the resistance of 10 feet of #18G wire?

A: .064 ohms.  

Q: Thus, what is the voltage of the chassis if a 5 amp current is flowing through the ground wire?

A: 320 mV (5.0 amps * .064 ohms)

Q: How does this compare with the voltage required for macroshock?

A: It's far less (0.320V << 40V required to deliver a fatal 80 mA current)

Q: How does this compare with the voltage required for microshock?

A: It is far more (320mV >> 5 mV required to deliver a fatal 10(A current)

Q: What steps can be done to prevent macroshock?

A: Design equipment so the hot wire cannot easily short out with the chassis, ground every chassis, inspect ground wires, and do not ground patients, and use line isolation monitors.

Q: Who here can draw the circuit of a line isolation monitor?

A: The anesthesiologist...

Q: What does the monitor do?

A: It prevents a circuit from being completed by connection to ground.

Q: What happens if you grab the two wires from a line isolation transformer?

A: You fry.

Q: What happens if you grab either lead from a line isolation transformer and a ground wire?

A: Nothing

Q: What if you and I have wet hands, and you grab one lead from a line isolation transformer and ground, and I grab the other wire and ground?

A: We both fry.

Q: If you connect one wire from the line isolation transformer to ground, what does the circuit then resemble?

A: The standard household electrical wiring: a hot lead, a neutral lead, and a ground lead.

Q: Why is this dangerous?

A: Because  somewhere the patient may be exposed to the current from the “hot” wire and complete the circuit to the ubiquitous ground.  Ground will then complete the circuit back to the transformer, and the patient will be exposed to line voltage.

Q: What does the line isolation monitor do?

A: It measures how much current can flow through a known resistance from either wire to ground.

Q: What does it calculate from this current?

A: The resistance between the line and ground.  From this, it can tell the maximum potential flow should the other line short completely to ground.

Q: What is the maximum potential flow at which the isolation monitor triggers a fault?

A: 2mA.

Q: Why 2mA?

A: Years ago it was thought to be the minimum current that could cause an explosion.

Q: What if one line from the isolation transformer shorts one chassis, and the other line from the isolation transformer shorts to another chassis, and both have broken ground wires?

A: The line isolation monitor will indicate no fault, but a severe electrocution hazard exists.

Q: How much current does a strong twitch monitor produce?

A: 75mA.

Q: Is there an electrocution potential?

A: Probably.

Q: How are microshocks delivered?

A: Directly to the myocardium via intracardiac electrodes or catheters.

Q: Why do microshocks cause arrhythmias?

A: High current density.

Q: What is the minimum current for microshock?

A: 10 (A

Q: What is the resistance of a circuit using a pacing electrode?

A: 500 ohms (just the resistance of the patient's skin, which is the second half of the circuit).

Q: How many volts are required for a 10 (A current to flow through this circuit?

A: 5mV (10 (A * 500 ohms).

Q: What is the resistance of a saline filled catheter?

A:  25,000 ohms

Q: How many volts are required for a 10 (A current to flow through a saline filled catheter?

A: 255mV (.01mA * [25,000 ohms + 500 ohms])

Q: How much voltage is this?

A: very small: it is one-sixth the voltage delivered by a 1.5 volt penlight battery.

Q: Is the 320mV which would occur should a neutral wire contact a grounded chassis enough to cause microshock.

A: Yes.

Q: Even though the ground wire is functioning properly?

A: yes.

Q: Does the line isolation transformer protect against microshock?

A: Yes

Q: How much current can run through the ground wire before the isolation monitor signals a short?

A: 2mA

Q: What is the chassis voltage if a 2mA current is running through a 10 foot #18 gauge ground wire?

A:  0.120mV (2mA * .064 ohms)

Q: How does this compare with the 5mV current required for microshock?

A: Far less.

Q: What if the ground wire breaks?

A: The chassis can come up to a voltage (640 mV) that poses a microshock hazard.

Q: What if there is an internal short in an EKG device, which allows full line voltage to connect with the patient via the EKG electrode?  

A: A 2mA current could flow through the patient.

Q: In what setting will a line isolation monitor protect against macroshock and microshock?

A: If ground wires are working, and all devices which are electrically connected to the patient have isolated power supplies.

Q: Do CVP catheters pose a risk of microshock?

A: No.

Q: What frequencies are used by electrocautery?

A: 500,000 to 2,000,000 Hz

Q: Can these frequencies cause fibrillation?

A: No.

Q: Does the bovie ground plate actually ground the patient?

A: No.

Q: Why doesn't the patient get burned at the ground plate?

A: Large surface area.

Q: Why place the plate over muscle?

A: Dissipate heat.

Q: How will the current return to the bovie if the ground plate doesn't work?

A: Any way it can. Often EKG electrodes function as alternative return electrodes if the “ground plate” is not properly attached to the patient.

Q: Why is it easy for the current to find alternate routes?

A: It is a radiofrequency current. At the very high frequencies used in electrocautery the current can pass from antenna to antenna via inductance.

Q: Is there any fail-safe to guarantee the ground plate is attached?

A: No.

Q: Why not place ground plates over artificial hips?

A: Internal lightening rods!

Q: How do laparoscopes avoid burning the bowel?

A: Bipolar electrodes and low currents.

Q: Why should the laparoscope not be grounded?

A: Current might elect to flow from an electrode to the scope, burning the bowel.

Q: What happens if the bowel sparks?

A: KABOOM!

