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I.	Goals of General Anesthesia





	1.	Patient Comfort:  The patient should be free of pain during the procedure.  It is not absolute necessary that the patient be unconscious during the procedure.  For example, with certain techniques (narcotic/oxygen) patients will be conscious enough during anesthesia to respond to a command (e.g. "squeeze my hand").





	2.	Amnesia:  Recollection of pain during anesthesia is extremely rare, probably because pain sensation is lost at even light levels of anesthesia.  Recollection of intraoperative conversations, i.e. auditory recall, is more common, and can be associated with nightmares and psychological disturbances.





	3.	Adequate operating conditions:  These are usually achieved by muscle paralysis and control of arterial and venous blood pressure to maintain a fairly dry surgical field.





	4.	Stable physiology:  The anesthesiologist is responsible for managing the patient's cardiovascular and respiratory status.  This involves a controlled transition to and from the anesthetic state and titration of drugs during the anesthetic to maintain satisfactory physiologic parameters.





II.	Conduct of General Anesthesia





	1.	Premedication:  The anesthetic really starts with the administration of a premedicant ("premed"), if desired, before the patient arrives in the operating room.  The premed will influence the amount of drug required during the induction and maintenance of the anesthetic.  It can also delay the patient's emergence.  





	2.	Preparation for anesthesia:  Once in the O.R., the patient will be prepared for induction of anesthesia.  This involves placement of monitors (discussed in 2 weeks), intravenous access, and rapid correction of certain physiologic parameters.  For example, a dehydrated or bleeding patient will require a "volume resuscitation" with saline or blood to restore adequate circulating blood volume prior to induction of general anesthesia.





	3.	Induction:  The induction is the transition from the awake to the anesthetic state.  


		a.	Mask induction:  Patient breaths an inhalational anesthetic and oxygen/nitrous oxide.  Frequently used technique in children, where obtaining intravenous access in the awake patient can be traumatic for both the patient and the anesthesiologist.  Other advantages include decreased airway stimulation (desirable in asthmatics), maintenance of spontaneous ventilation, and the ability to intubate without requiring muscle relaxants.  Disadvantages include excitement on induction, risk of aspiration, and the time required.





		b.	Intravenous induction:  Advantages of intravenous inductions include rapid onset, minimal excitation, relative cardiovascular stability.  Major disadvantage is that intravenous access is required.  The anesthesiologist must be confident that he can secure the airway before starting an intravenous induction, because the patient, in all probability, will be apneic after receiving the induction drug.





	4.	Maintenance:  During the maintenance portion of the anesthetic, the anesthesiologist closely monitors the patients for signs of light anesthesia (movement, tachypnea, tachycardia, hypertension, diaphoresis).  Inhalational and intravenous drugs are titrated as required to reduce the  patient's responsiveness to surgical stimulation.  The anesthesiologist will also maintain physiologic homeostasis during this period.  Variables monitored include:





		a.	Pulmonary:  Rate, tidal volume, inspired gas composition (oxygen, nitrous oxide, and anesthetic vapor), arterial oxygen saturation, expired gas composition (carbon dioxide, nitrous oxide, nitrogen, anesthetic vapor), and skin color.





		b.	Cardiovascular:  Heart rate, rhythm, blood pressure (arterial, central venous, pulmonary arterial, pulmonary capillary wedge), mixed venous oxygen saturation, and transcutaneous oxygen saturation.





		c.	Neurologic:  Movement, response to commands, diaphoresis, pupil diameter, muscle paralysis, EEG, and evoked potentials.





		d.	Renal:  Urine output.





		e.	Endocrine:  Blood glucose, serum osmolarity, electrolytes (potassium, sodium, calcium, magnesium)





		f.	Hematological:  Hematocrit, platelet count, ACT, PT, PTT, clotting time, and clot dissolution.





	5.	Emergence:  During the emergence, the patient regains consciousness.  If paralyzed, the neuromuscular blockade is reversed, which allows the patient to assume control of ventilation.  If intubated, the patient is extubated in a manner which minimizes the possibility of loss of airway control.  Pain is controlled by administration of opioids.  Cardiovascular stability is maintained with vasoactive drugs and attention to adequate pain control.  In general, the patient does not leave the operating room until he is extubated and his ventilation and cardiovascular status are stable.  He is then transported to the recovery room for at least one hour of intensive monitoring.





	6.	Recovery:  The patient is brought to a recovery room after anesthesia to allow close observation as he becomes fully awake.  Hypertension, hypotension, pain, confusion, and hypoventilation are common problems treated in the recovery room.





II.	Types of General Anesthesia





	1.	Pure inhalational:  Patient receives only oxygen, nitrous oxide, and an anesthetic vapor (halothane, enflurane, isoflurane).  By definition, a mask induction is used.  Patient may or may not be intubated.  The anesthetic vapor is responsible for maintaining unconsciousness, providing needed muscle relaxation, and maintaining a depressed but adequate respiratory drive and cardiac output.  The nitrous oxide reduces the amount of anesthetic vapor required for adequate anesthesia, thus reducing the hemodynamic and respiratory effects of the anesthetic vapor.





	2.	Nitrous/narcotic:  Patient is induced with a standard hypnotic (thiopental, methohexital, etomidate, ketamine or propofol).  The patient is almost always intubated.  Adequate relaxation for intubation is provided by a rapid acting, depolarizing muscle relaxant (succinylcholine) or a longer acting non-depolarizing muscle relaxant (pancuronium, curare, metocurine, vecuronium, atracurium).  Anesthesia is maintained with nitrous oxide and an intravenous narcotic (morphine, fentanyl, sufentanil, alfentanil, Demerol).  Nitrous oxide is an excellent analgesic.  The combination of nitrous oxide with narcotic assures patient comfort.  With 70% nitrous oxide, most patients are also unconscious, which assures amnesia.  With lower doses of nitrous oxide, an amnestic (valium, midazolam, scopolamine, droperidol) is frequently added to assure amnesia.  Paralysis is usually required during the procedure.  The usual choice is a non-depolarizing relaxant, which is reversed at the end of the procedure.  Because these patients are paralyzed, their ventilation is controlled during the anesthetic.





	3.	Narcotic/oxygen:  Very high doses of narcotic alone can be used for anesthesia.  This technique avoids the cardiac depression associated with most hypnotics (especially thiopental), all anesthetic vapors, and nitrous oxide.  For this reason, it is often the technique of choice for cardiac surgery.  Additional muscle relaxation is always required, as is controlled ventilation.  The incidence of intraoperative recall is fairly high (around 5%).  Therefore, amnestic drugs are often administered concurrently.  The high dose of narcotics usually commits the patient to at least 24 hours of post operative ventilation.





	4.	Garbage anesthesia:  The most popular technique, also called LOT2, for "a little of this, a little of that."  This technique combines the use of nitrous oxide and low dose narcotic for analgesia with a minimal amount of anesthetic vapor for unconsciousness.  The patient is often paralyzed, which reduces the amount of anesthesia required to keep the patient still (reduces it to zero, so the anesthesiologist must titrate anesthetic depth to cardiovascular signs of light anesthesia, and control ventilation).  





	5.	Balanced anesthesia:  Who knows?  This commonly used term was originally applied to nitrous/narcotic anesthesia with a supplemental amnestic and muscle relaxant.  It is now also applied to garbage anesthesia, probably because it sounds more scientific.





	6.	Oxygen/Relaxant/Scopolamine:  This technique assures adequate surgical conditions and an oxygenated patient.  The patient is most likely awake, and in pain.  The scopolamine offers some hope of patient amnesia.  This is only used for desperately ill or severely hypovolemic patients (major trauma, ruptured abdominal aortic aneurysms) who would die outright from receiving additional drugs.





III.	Advantages of general anesthesia





	1.	Patient comfort is assured during the procedure.


	2.	Anesthetizes the entire body.


	3.	There is no limit to the length of the operation.


	4.	Can be implemented quickly.


	5.	Airway control is assured if the patient is intubated.


	6.	Patient can be given 100% oxygen.


	7.	Anesthesiologist can infuse large quantities of blood.


	8.	Anesthesiologist does not have to talk to the patient.


	9.	Patient does not have to listen to the doctors.


	10.	Muscle relaxants can be used.





IV.	Disadvantages of general anesthesia





	1.	Anesthesiologist must maintain airway control.





		a.	Patient may aspirate on induction or emergence.


		b.	Anesthesiologist may lose airway on induction.


		c.	Anesthesiologist may fail to ventilate patient during maintenance.





	2.	Anesthesiologist cannot talk with patient during anesthesia.





		a.	Lose valuable information on patient comfort and neurologic status.


		b.	Less rapport established with patient.


		c.	Patient cannot report on possible problems (e.g. chest pain).


		d.	Patient cannot follow commands (e.g. carotid surgery).


		e.	Patient cannot enjoy the operation, (e.g. childbirth).





	3.	Significant physiologic trespass associated with general anesthesia.





		a.	Cardiovascular:  Virtually all drugs which depress the CNS also depress the cardiovascular system.


		b.	Pulmonary:  Anesthetized patients have decreased FRC, decreased pulmonary compliance, atelectasis, decreased mucociliary transport.


		c.	Hepatic:  Many anesthetic drugs decrease liver blood flow.  Some, especially halothane, have been associated with fulminant hepatitis.


		d.	Renal:  Most anesthetic drugs decrease GFR.  Post operative ATN is usually a result of severe hypovolemia.  However, the cardiovascular depression associated with anesthetics may exacerbate the hypotension from hypovolemia.


		e.	Obstetric:  Most anesthetic drugs cross the placenta.  Regional techniques, where the plasma drug concentrations are much smaller, are therefore preferred in parturients.





	4.	Postoperative complications





		a.	Increased nausea and vomiting


		b.	Altered mental status postoperatively.


		c.	Increased risk of postoperative pulmonary complications.


		d.	Increased risk of thromboembolus.


		e.	Increased postoperative pain.
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