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I. 	What is Anesthesia?



	1)	Sensory:

		a)	Absence of intraoperative pain

	2)	Cognitive:

		a)	Absence of intraoperative awareness

		b)	Absence of recall of intraoperative events

	3)	Motor:

		a)	Absence of movement

		b)	Adequate muscular relaxation

	4)	Autonomic:

		a)	Absence of hemodynamic response

		b)	Absence of tearing, flushing, sweating



II.	Balanced Anesthesia: use specific agents to achieve satisfactory anesthesia



	Sensory: 	Relieve pain with N2O, opioids, ketamine.

	Cognitive:	Produce amnesia, and preferably unconsciousness, with N2O, small amounts of a potent agent (e.g. 0.25-0.5% isoflurane), hypnotic (propofol, midazolam, diazepam, thiopental), neuroleptic (droperidol, thorazine),

	Motor:		Paralyze the patient

	Autonomic:	If sensory and cognitive components are adequate, usually no additional medication will be needed for autonomic stability.  If some is needed, often a beta blocker (esmolol or propranolol) and a vasodilator (hydralazine, nitroprusside, trimethaphan) are used.

	Other Terms:	Garbage Anesthesia (everything but the kitchen sink)

			LOT2 (Little Of This, Little of That)

			Mixed Technique

			The Usual



III.	The role of N2O.



	1)	N2O is an excellent analgesic in sub-MAC doses.  This is not true of the other potent agents currently used.  Thus, N2O helps attenuate intraoperative painful stimuli.

	2)	The MAC of N2O is around 110%.  MACasleep tends to be about 60% of MAC.  MACasleep for N2O is 68-73%, which well tolerated by most patients.  Thus, at N2O concentrations of 70%, there may be no need for additional drugs to ensure lack of awareness.  As a clinical pearl, which I define as raisonettes of medical wisdom without objective evidence, chronic alcoholics may be unusually awake on 70% N2O.  Most other patients will be soundly asleep on 70% N2O when combined with adequate opioid narcosis.

	3)	N2O has the fastest elimination of any inhalational agent used in anesthesia.  If you want your patients to wake up quickly, keep them within N2O of being awake!  In other words, keep them anesthetized to the depth where, if you turn off your N2O, they will wake up as soon as the N2O concentration falls to 10-20%.  This is the most useful suggestion I will ever offer.

	4)	N2O is an atmospheric pollutant.  Turn down your flows to 1 liter N2O plus 500 cc of oxygen after allowing 5-10 minutes to get through the period of rapid N2O uptake.

	5) 	Rule for using N2O to get rapid emergence: KEEP YOUR PATIENT WITHIN N2O OF EMERGENCE. In other words, keep the concentration of the other drugs so low that at any point in time you could turn off the nitrous oxide and the patient would awaken just from the decrease in N2O concentration.



III.	Simple Combinations



	1)	Morphine, 10 mg iv 3-5 minutes prior to induction, thiopental 4-5 mg/kg on induction, 70% N2O during maintenance, 0.25-0.50% isoflurane, relaxant of choice.  An additional 5mg morphine 45 minutes before the end of the procedure, if the procedure is longer than 2 hours.

	2)	Fentanyl 2-5ug/kg on induction, 1-2 mls now and then during the case, thiopental 4-5 mg/kg on induction, relaxant of choice, 70% N2O, 0.25-0.50% isoflurane, relaxant of choice.

	3)	Morphine, 15mg im on call to O.R., scopolamine 0.4 mg im on call to O.R., morphine 5mg iv on induction, thiopental 4-5 mg/kg on induction, 70% N2O.  No potent agent if case is 1.5 hours or less, otherwise, crack the isoflurane.  Relaxant of choice.  Reverse scopolamine immediately prior to emergence with 2.0 mg physostigmine. (I don't recommend scopolamine for patients older than 60).

	4)	Reduce opioid doses by 30-50% for elderly or very ill patients.



��IV.	Continuous infusion paradigms



	Fentanyl:

		Dilution:			None

		Initial Bolus:			150 ug			3 mls

		First Infusion:		25 ug/min * 15 minutes	30 drops/min

		Second Infusion:		4 ug/min * 6 hours		5 drops/min

		Third Infusion:		2 ug/min * indefinitely	2.5 drops/min

		Induction Level:		5 ng/ml

		Maintenance Level:		3-3.5 ng/ml

		Turn Off Infusion:		90 minutes prior to anticipated extubation



	Alfentanil:

		Dilution:			None

		Initial Bolus:			1000 ug			2 mls

		First Infusion:		500 ug/min * 10 minutes	60 drops/min

		Second Infusion:		50 ug/min * indefinitely	6 drops/min

		Induction Level:		550 ng/ml

		Maintenance Level:		250-300 ng/ml

		Turn Off Infusion:		45 minutes prior to anticipated extubation



	Sufentanil:

		Dilution:			4 ug/ml (Add 8 cc to 92 cc NS)

		Initial Bolus:			16 ug				4 mls (diluted!)

		First Infusion:		4 ug/min * 10 minutes	60 drops/min

		Second Infusion:		.75 ug/min * 6 hours		12 drops/min

		Third Infusion:		.5 ng/min			8 drops/min

		Induction Level:		.75 ng/ml

		Maintenance Level:		.4-.5 ng/ml

		Turn Off Infusion:		30 minutes prior to anticipated extubation



	Notes:

	1.	The first infusion should start at the same time the bolus is administered.

	2.	The described plan requires an intubating dose of thiopental for fentanyl and sufentanil.  This should be given about 7 minutes into the infusion, followed by the relaxant.

	3.	If the patient is ventilated with 70% N2O while receiving alfentanil, he can be intubated after 7 or 8 minutes without thiopental.

	4.	Anticipate rigidity when using alfentanil.  Give 1/10th of the intubating dose prior to starting the infusion, and give the remainder of the relaxant as soon as the patient starts to lose consciousness (generally within 45 seconds of starting the infusion.)

	5.	If the patient has had a large benzodiazepine premed, or if a volatile agent is "cracked" to insure amnesia (e.g. 0.25% Forane), then the infusions should be turned off approximately 50% earlier than indicated, e.g. 2 hours for fentanyl, 1 hour for alfentanil, and 45 minutes for sufentanil.

	6.	I don't recommend weight adjusting these doses for adults, except to decrease the rates for small, elderly patients (e.g. LOLs).

	7.	Clinically, I think the sufentanil infusion works the best, the fentanyl the worst.



V.	Miscellaneous

	

	1)	Don't be afraid to talk to your patients intraoperatively.  The surgeons may think you're crazy, but your patient will be assured that he or she is not  crazy.  You will be surprised how often anesthetized patients will respond to verbal commands if you test them.  To demonstrate a response, the patient must be less than totally paralyzed.  I think talking to patients should be part of every anesthetic where less than 1.2% of MAC is administered.

�	Propofol Dosing Guidelines



I.	Induction:



	A.	Initial Bolus: 1.5�2.5 mg/kg.

	B.	Give in 2�3 divided doses.

	C.	Patient will be apneic within 30�90 seconds.



II.	Maintenance:



	For adults, the infusion rate, in cc/min, is approximately equal to the % isoflurane you would use for the comparable technique at the same time point.
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III.     Total Intravenous Anesthesia (propofol/ketamine):

�

Fentanyl:



200-400 mg 2-3 min prior to induction



Ketamine:



No initial bolus

Infusion:

Start at 1 mg/min

At 1 hour: .6 mg/min

At 4 hours: .4 mg/min



Turn off ketamine infusion 

15�30 minutes prior to the

end of surgery.

�

Propofol:



Initial Bolus: 0.8�1.2 mg/kg

	(1�2 minutes after fentanyl)

Infusion:

Start at 140-200 mg/kg/min

At 10 minutes: 100�140 mg/kg/min

After 2 hours: 80-120 mg/kg/min



Turn off propofol infusion about 5-10 minutes prior to the desired time ofemergence.  Give 1-2 cc boluses as needed to keep patient asleep until the desired time of emergence.

�	Propofol Dosing Caveats



I.	Induction:



	A.	Even small boluses (1�2 cc) may cause apnea, especially following a premed.

	B.	Reduce propofol doses by 40�60% for elderly patients, sick patients, or following a heavy premed.



II.	Maintenance:



	A.	Check repeatedly that the infusion is running.  Continuous infusions are prone to equipment problems, such as the clamps left on the line, running out of drug, excessive backpressure in the line, etc.  If the infusion stops for more than a few minutes, your patient will awaken during the operation.

	B.	Propofol is not amnestic, so patients must be kept completely unconsciousness with propofol to prevent intraoperative awareness.

	C.	Infuse the propofol through a t-piece connected immediately proximal to the IV catheter to minimize dead space.

	D.	If the infusion rate is not turned down over time the patient will be overdosed.

	E.	The infusion can be titrated to blood pressure and heart rate.

	F.	If your patient is too deep, turn off the propofol for a minute or two.  (Remember to turn it back on, or your patient will wake up!)  If your patient is too light, give a 1�4 cc bolus of propofol, and increase the infusion rate.  

	G.	The infusion rates are intended for adults in the normal weight range (60-80 kg). The infusion rates should be increased for larger patients and decreased for smaller patients.

	H.	For sedation, start with an infusion only (no bolus) and titrate to level of wakefulness, respiratory rate, etc.

	I.	Don't turn off the infusion until 5-10 minutes before the operation is finished.

	J.	Once the infusion is off, be prepared to give 1-2 cc boluses of propofol for signs of light anesthesia.  This allows assessment of anesthetic depth, and thus facilitates rapid emergence at the end of surgery.



III.	TIVA:



	A.	Anticipate that the blood pressure will drop following the propofol/fentanyl induction.  It usually returns promptly with intubation.

	B.	Reduce the doses 25�50% for elderly, sick, or heavily premedicated patients.

	C.	TIVA means no N2O and no isoflurane.

	D.	Titrate the propofol infusion rate, not the ketamine infusion rate.  If the patient seems to require a lot of propofol, give 25-50 mg fentanyl boluses.

	F.	As with propofol, the ketamine infusion rate was designed for adults of average weight (60-80 kg).  Adjust upward or downward for larger or smaller patients.

	G.	Movement is a good sign of light anesthesia, so complete paralysis should be avoided if possible.

	H.	Watch the pupils for signs of opioid overdose.  If the pupils become pinpoint, don't administer addition opioid.

	K.	TIVA with propofol/ketamine has not been associated with awareness.  Propofol effectively blocks the psychotomimetic effects of ketamine. 

�







 



 








