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I. History

A. 125 years ago

1. Opium extracts

2. Alcoholic beverages

3. Plant extracts with weak CNS depressants

B. Mid 1800’s (1840-1850)

1. Nitric oxide (gas) found, its laughing gas

C. Diethyl ether and chloroform discovered for first time patients could be kept completely free of pain as long as surgeon needed

D. After WWI new agents introduced and many advances were made

E. Halogenated hydrocarbon inhalated anesthetics:  halothane, sevoflurance, isoflurane, desflurane, nitrous oxide (incomplete because can’t reach all stages of anestesia but is important in balanced anestesia with others)

II. Common used

A. Nitrous oxide

B. Desflurane

C. Isoflurane

D. Halothane:  frequently used in pediatric, but hepatotoxic

E. Sevoflurane:  in pediatric and outpaitent

F. Methoxyflurane:  nefrotoxicity, still used in obstretics

III. Not used

A. Chloroform:  hepatotoxic severe

B. Cyclopronane:  flammable and explosive

C. Diethyl ether:  not sued because explosive

IV. Inhalation

A. Depress neural transmission, causing surgical anesthesia, stage 3, there are 4 stages

B. Nitrous oxide

1. Gas:  starts as form of gas

2. Incomplete anesthetic:  not complete anesthetic

C. Volatile inhalation anesthetics

1. Start as liquid, then forms gas

2. Halothane:  hepatotoxic

3. Isoflurane

4. Enflurane

V. Balanced anesthesia

A. Comfortable anesthesia in patient

B. Preanesthetic agent

C. Gas:  nitrous oxide

D. Volatile inhalation anesthetic

VI. Premedication

A. BDZ:  for anxiety

B. Reductor in secretions and vagal reflexes

1. Muscarinic antagonists:  atropine, scopolamine

2. Dry out trachea so that don’t bronchoaspirate and you will get deaf listening to them gargle

C. Post operative antiemesis

D. Pain relief:  opioid analgesics like morphine

VII. Graph

A. Partial pressure of anesthetic (% inspired tension) or minimal alveolar concentration (MAC)

B. Induction and recovery

C. NO:  MAC is close to 100% and its not lipid soluble, so it goes in the blood, does not go inside the blood and build for you and does the partial pressure of the gas, when you have the partial pressure of the nitrous oxide and nothing in the blood, its going to have partial pressure and move very fast to the brain, and will produce for you part of the anesthesia, for this reason, induction with NO is fast, lipid solubility with NO is low. So you must hose the lung with 100% NO to get anesthesia, and that’s too much, but the good thing is that it doesn’t stay in blood too long, its induction fast

D. Halothane:  blood soluble, in comparison with nitrous oxide, will stay in blood for a while before gets to brain, so induction is slow or medium in comparison with NO, the blood solubility with halothane is higher than NO, so remember the blood solubility

E. Blood gas coefficient is blood solubility:  of NO, its lower than halothane

VIII. Intravenous agents

A. Barbiturates

1. Thiopental:  gets to the brain with redistribution phenomena, and I’m not going to scream too much, the first peak in the blood and then in the brain, and lastly the fat/muscles

B. Non barbs

1. Propofol:  like thiopental in many ways, but the only thing want to tell you is that thiopental is standard drug for induction anesthesia, but don’t jump into propofol, thiopental is still the DOC, although propofol is coming there

2. Ketamine:  causes dissociative anesthesia, useful in children, used for dressing when you have a little papilloma, a little wart, we give them injection of ketamine, treat the patient for burn, or took little wart, and mother call you in middle of the night, and say my children last night he wakes up and went crazy, its bad dream due to ketamine, tell mother don’t worry, its drug calling bad dream, or tell her before she goes home

IX. Introduction

A. Goals of GA

1. Preserve life of the patient

2. Provide the surgeon with an adequate surgical field

3. Block pain

B. Characteristics of an ideal GA

1. Provide a smooth and rapid induction of sleep

2. Produce amnesia

3. Block troublesome reflexes

4. Produce analgesia

5. Produce skeletal muscle relaxation

6. Provide a smooth and rapid emergence and recovery

C. Balanced anesthesia:  combination of drugs best properties and minimum undesirable side effects

D. Preanesthetic medications

1. Decrease anxiety

2. Rapid, smooth induction without prolonging emergence

3. Provide amnesia

X. Preanesthetic agents

A. Narcotic analgesics

B. Barbiturates

C. Phenothiazines

XI. Potency and lipid solubility

A. Blood solubility and induction:  blood sol of NO is low, its in form of gas, with fast induction

B. More lipid soluble the more potent

C. Methoxyflurane most lipid solub

D. Halothane and NO must learn, the rest fall between

E. Lipid sol of halothane is high

F. MAC:  minimum alveolar concentration of the inhalation anesthetic which prevent pain in 50% of patients upon incision

G. Lower MAC is the higher potency of the agent

H. Low potency of NO because has high MAC

I. Halothane is strong potent anesthetic

J. NO is fast induction but low potency

XII. MOA

A. A common neurophysiological action of GA is to increase firing threshold and decrease rate of rise of AP by interfering with Na influx

B. At low concentration of anesthesia may get AP but weak

C. If increase dose of anesthetic will get complete block, no propagation of impulse and get no feeling

XIII. Meyer Overton theory

A. Anesthesia is related to the anesthetic concentration in neuronal cell membrane lipid

B. Critical volume fraction (membrane expansion theory):  extension of MO theory:  once push anesthetic in, it will disturb mosaic appearance of cell membrane, disrupting conformation and fluidity of membrane

XIV. Uptake, distribution and elimination of anesthetic

A. The spread of induction and recovery is determined by the rate of change of the partial pressure of the gas (concentration) in the brain, then the PP in arterial blood, then PP in lung (this is induction, recovery is opposite)

B. The best correlation with speed of induction is with blood/gas partition coefficient = blood solubility (inverse correlation)

C. Most direct route induction is through lung

D. When blood gas coefficient is low, the rapidity of onset is high

E. Determinants of the PP is arterial blood and brain

1. Concentration of GA in inspired gas

2. Pulmonary ventilation delivery agent to lungs

3. Transfer of agent from alveoli to pulmonary circulation

4. Transfer of agent from blood to body tissues

F. Elimination determined by above features operating in the reverse direction

XV. Safety, potency, and efficacy

A. Therapeutic indices for GA is low (3-4):  although low, they are safe, accurate control of dosage is necessary for safe use.  Inhalation much safer than IV because delivery with machine can be controlled when entering lung, but can’t control as well with the IV must see if G-d will bring him back

B. Potency:  expressed as activity per unit weight, not useful for anesthetic gases because not fixed dose is given (its delivered in volume)

C. Relative potency of anesthetic gases expressed as MAC

D. MAC the minimal alveolar concentration that will block movement of 50% of patients in response to incision, MAC correlates with lipid/gas partition coefficient

XVI. Efficacy

A. Related to potency, extremely potency, complete anesthetics (equal efficacy)

B. NO:  incomplete, cannot produce all stages of anesthesia without producing hypoxia (MAC) therefore, NO has less efficacy than complete anesthetics, this is the agent most likely to produce hypoxia

XVII. Stages of anesthesia

A. Stage I

1. Analgesia

2. Begins with loss of consciousness and progressive loss of pain

3. Respiration is regular, no problem

4. Pupil size is normal, in eyeball activity is voluntary, reflexes of cornea are still normal so will blink, normal muscle tone

5. Inhibits cells at the spinal cord level of the substantia gelatinosa

6. With low doses gives you differential area of anesthesia, so you know which place has been anesthesized first, with high dose that selectivity disappears, so if we give high dose we don’t know which cells were first to be anesthesized, but at low doses, the substancia gelatinosa cells are the first

7. Cells in the spinal cord get anesthesized before the brain

8. Irregular descending anesthesia:  because certain cells in spinal cord are anesthesized first before in the brain

B. Stage II

1. Delirium and excitement

2. Loss of consciousness, irregular breathing, dilated pupil, eye moving around, reflex still there, increase in the muscle tone

3. Will have retching, increase in motor activity, vomiting, urinating, knock you out, so don’t beat him up and don’t call the police, he is under stage II

4. Depressed inhibitory neurons in golgi type II cells

C. Stage III

1. Surgical anesthesia stage

2. 4 planes

a. I:  sleep begins

b. II:  sensory loss

c. III:  surgery usually done here

d. IV:  too deep intercostals paralysis

3. Respiration regular, but slow and not too deep, its shallow and all the way go down to the plane 3 and then ready to cut at stage 3 plane 3, pupils little dilated, fixed eyeball, all the cutaneous and corneal reflexes will disappear, you get muscle relaxation at this stage, so you are ready to cut

D. Stage IV

1. Medullary paralysis:  loss of vital function, the patient looks dead

2. If do calculation and dosages you don’t get to this stage, but sometimes you give one agent higher than should have

3. Don’t take coffee break at this stage

4. Disconnect GA, then oxygenate, most of time will recover, unless take long coffee break

XVIII. Inhalation agents:  general pharmacology

A. CNS

1. Dose dependente depression of all portions CNS

2. Order of sensitivity (most to least)

3. RAS > basal ganglia > cerebellum > spinal cord > medulla (irregularly descending anesthetics)

B. Autonomic NS

1. Inhibition of sympathetics except ether

2. Stimulation of parasympathics

C. CVS

1. Dose related negative inotropic effect

2. Decrease BP

3. Arrythmias:  because sensitize to circulating catecholamines

4. Use selective alpha 1 post synaptic stimulator to increase the blood pressure

5. Be careful if have pheochromocytoma because already has high SANS

D. Respiration:  dose dependent depression of medullary respiratory center

E. Miscellaneous

1. Liver:  halothane

2. N/V:  true, especially after they recover

3. Teratogenic effects:  not important, in animal model, some seen

F. Malignant hyperthermia

1. Not malignant hypertension

2. If under GA and suddently have this

3. Signs and symptoms

a. Tachycardia

b. Hypertension

c. Hyperkalemia

d. Rigidity

e. Acidosis

4. Treatment

a. Alcali to treat acidosis

b. Dantrolene

5. Cause:  halogenated hydrocarbon (HH like halothane) and NMJ blocking agents (succinylcholine, tubocurarine)

XIX. Metabolism (notes page 363)

A. Most eliminated by lung, but may be metabolized in the liver

B. NO not metabolized in liver, only eliminated by lung

C. Halothane metabolizes to trifluroacetic acid leads to O2 radicals which is hepatotoxic

D. Methoxyflurance:  50% metabolizes to nefrotoxic metabolite fluoride
E. Metabolism in liver:  methoxyflurane > halothane > enflurane > sevoflurane > isoflurane > desflurane > NO

F. Halothane used in pediatrics because less hepatotoxicity than in adults

XX. Droperidol-fentanyl

A. Droperidol is neuroleptic

B. Fentanyl is narcotic 

C. If don’t want to depress CV, because most HH depress CV, but when use inovar, it maintains the BP and HR, patients with underlying CV problem, doesn’t depress

D. Patient responds to simple commands

XXI. Ketamine

A. Used for removing small wart, changing burn dressing, characteristic pattern anesthesia because dissociative anesthesia because suppresses only part of brain, rest of brain is intact, so have signs:  catatonia, decrease m tone, analgesia decrease in pain, and anesthesia, and amnesia, they don’t remember things

B. Side effect:  nightmares

C. All inhalation GA depress BP except the ketamine which increases BP

XXII. Thiopental

A. Make good calculation of dose, if patient not down, you have problem

B. Induction very rapid

C. Metabolized by p450

D. Repated doses cause accumulation

E. Cross placenta

