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#21 - GENERAL ANESTHETICS 
 
 
 
I. PRINCIPLES OF ANESTHESIA: 
 
Characteristics of general anesthesia include:  1) amnesia, 2) analgesia, and 3) unconsciousness, 

with 4) an inhibition of sensory and autonomic reflexes, and 5) skeletal muscle 
relaxation. 

 
Balanced anesthesia includes the administration of medications preoperatively for sedation and 

analgesia, and the intraoperative use of neuromuscular blocking drugs and/or regional 
anesthetics, along with the administration of general anesthetic drugs. 

 
Signs and stages of anesthesia: A historical taxonomy that was apparent with the very long onset 

and emergence from ether anesthesia.  With modern anesthetics, these stages are blurred 
or obscured. 

 
 Stage I:  Analgesia and Amnesia.  Begins with induction of analgesia and lasts until 

consciousness is lost.  Amnesia develops before loss of consciousness.  Pain sensation is 
lost, but motor activity and reflexes remain normal.   

 
 Stage II:  Excitement.  Begins with the loss of consciousness and lasts to onset of surgical 

anesthesia.  Stage II is characterized by delirium.  With modern drugs, the duration and 
intensity of this stage during induction are greatly reduced; it is more important on 
emergence. 
 

 Stage III:  Surgical Anesthesia   Begins with the appearance of rhythmical respirations.  
 
 Stage IV:  Cardiorespiratory Collapse.  Only appears as the consequence of gross 

negligence with failure to provide assisted or controlled ventilation and support of the 
circulation.  Such depth is never used or required. 

 
 
II. INHALATIONAL ANESTHETICS: 
 
 A. Pharmacology of Inhalational Anesthetics. 
 

1. Mechanism of Action. 
Almost all general anesthetics act at the GABAA receptor-chloride channel and facilitate the 
GABA mediated neuronal inhibition at these receptor sites.  Nevertheless, the exact mechanism 
of inhaled anesthetics remains unclear. 
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2. Safety, Dosage and Potency. 

Anesthetics have an unusually narrow margin of safety with therapeutic indices of only 2 to 4. 
 
A measure of potency of inhalational agents is MAC; the minimum alveolar concentration of an 
anesthetic, at 1 atmosphere, that prevents movement to a standard noxious stimulus (skin incision 
in humans) in 50% of humans or animals tested (refer to Table 25-1, Katzung).  MAC is 
frequently multiplied by a factor of 1.3 to achieve “nearly” 100 percent clinical efficacy (i.e., 
ED95).  Inhalational anesthetics used in combination appear to have an additive effect.  Several 
factors change MAC.  These include body temperature, age and other drugs (e.g., opioids and 
benzodiazepines).  Factors that do not influence MAC include sex, species, state of oxygenation, 
acid-base changes, and arterial blood pressure.  MAC is also used as an equipotent dose model for 
comparing non-anesthetic effects of these agents. 

 
B. Pharmacokinetics of Inhalational Anesthetics. 

 
1. Uptake and Distribution. 

 
Understanding general anesthesia requires an appreciation of the pharmacokinetics of inhaled 
drugs.  The active form of the drug is the gaseous form.  Depth of anesthesia is a function of the 
partial pressure in the brain and brain tension is in equilibrium with the alveolar or exhaled partial 
pressure.   Therefore, the factors that determine the tension of anesthetic gas in the brain include 
the (1) inspired concentration, (2) transfer of the gas to the arterial blood and (3) transfer of the 
agent to the brain.  During induction loss of agent to other tissues has little impact, but can be 
measured. 
 

a. Concentration of the Anesthetic Agent in Inspired Gas and 
Alveolar Uptake of Anesthetic Gases. 

 
Gases diffuse from areas of high partial pressure (or tension) to areas of low partial pressure.  
Thus, the tension of anesthetic in the alveolus provides the driving force to establish a 
therapeutically effective brain tension.  
 
The rate of rise of the alveolar tension of an anesthetic gas is a function of the uptake of the gas 
by body tissue compartments.  The anesthetic is first removed by the vessel rich group (brain, 
heart, kidneys, liver), then the muscle group, followed by the fat tissue in which it is very soluble, 
but to which perfusion is slight and, lastly, to the tissues that are very poorly perfused, like 
tendons, ligaments, cartilage, etc.   The more soluble the agent is in blood the slower the rise to 
equilibrium between the inspired and alveolar concentration.  
        

b. Transfer of Anesthetic Gases from Alveoli to Brain. 
 
In the absence of ventilation-perfusion disturbances, four major factors determine how rapidly 
anesthetics pass from the inspired gases to brain. These are (i) the solubility of the anesthetic in 
blood, (ii) rate and depth of ventilation, (iii) the rate of blood flow through the lungs, and (iv) the 
partial pressure of the anesthetic in arterial and mixed venous blood. 
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Solubility of the Anesthetic in Blood. This is usually expressed as the blood/gas partition 
coefficient, or  which represents the ratio of anesthetic concentration in blood to anesthetic 
concentration in a gas phase when the two are in partial pressure equilibrium (refer to Table 25-1, 
Katzung).  The more soluble an anesthetic is in blood, the more of it must be dissolved in blood 
to raise its partial pressure there appreciably. Thus, the blood tension of soluble agents rises 
slowly.  Because the potential reservoir for relatively insoluble gases is small and can be filled 
more quickly, their tension in blood also rises quickly (Figure 25-3, Katzung). 
 
Pulmonary Ventilation.  The rate of rise of anesthetic gas tension in arterial blood is directly 
dependent on the minute ventilation.  The magnitude of the effect at a given time point varies 
according to the blood/gas partition coefficient.  An increase in pulmonary ventilation is 
accompanied by only a slight increase in arterial tension of an anesthetic with low blood 
solubility but can significantly increase tension of agents with moderate or high blood solubility.  
Thus, the partial pressure of a highly soluble anesthetic gas can be increased by over-ventilation 
during the induction period.  Conversely, decreased ventilation (e.g., resulting from respiratory 
depression produced by premedication) can lead to a slower rate of change of alveolar and arterial 
gas tension. 
 
Cardiac Output.  The pulmonary blood flow (i.e., the cardiac output) affects the rate at which 
anesthetics pass from the alveolar gases into the arterial blood.  An increase in pulmonary blood 
flow slows the initial portion of the arterial tension curve; but the latter part of the curve tends to 
catch up, with the overall result that there is little change in the total time required for complete 
equilibration.  Low left-sided cardiac output preferentially feeds the brain and thus causes a more 
rapid rise in brain (alveolar) tension.  Thus, contrary to the effect of altered ventilation, low 
cardiac output speeds anesthetic induction. 
 
Partial Pressure in Arterial and Mixed Venous Blood.  After taking up anesthetic gas from the 
lung, the blood circulates to the tissue, and anesthetic gas is transferred from the blood to all 
tissues of the body.  Blood cannot approach equilibrium with inhaled gas tension until this 
process, which tends to decrease the blood tension, is nearly complete. 
 
Venous blood returning to the lungs contains more anesthetic gas with each passage through the 
body.  After a few minutes of anesthesia, the difference between arterial and mixed venous 
(alveolar) gas tension lessens, and the amount of gas transferred to arterial blood during each 
minute decreases as time passes.   
 
Solubility of Gas in Tissues.  This is expressed as a tissue/blood partition coefficient, a concept 
analogous to the blood/gas partition coefficient previously discussed.  With most anesthetic 
agents, the tissue/blood partition is near unity for many of the body's lean tissues; that is, these 
agents are equally soluble in lean tissue and blood.  The tissue/blood coefficient for all anesthetics 
is large for fatty tissues.  Their concentration in the fat tissue is much greater than that in blood at 
the time of equilibrium (when tension in tissue equals blood). 
 
Tissue Blood Flow.  Tissues with high rates of blood flow (e.g., the brain) will exhibit rapid rises 
in concentration of anesthetic and, therefore, are able to take up significant amounts of the agent 
during the early stages of anesthesia.  Because blood flow to adipose tissue is very limited, 
anesthetic gases will be delivered to, and taken up by, fatty tissues very slowly.  Consequently, 
these tissues contain a significant amount of anesthetic agent only after some time has elapsed. 
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Partial Pressure of Gas in Arterial Blood and Tissues.  As the tissues take up an anesthetic agent, 
the partial pressure of the gas in tissues increases towards that of the arterial blood.  The rate at 
which gas diffuses from arterial blood to tissues varies with the partial-pressure difference 
between them and tissue concentration changes rapidly in the early minutes of anesthesia; 
however, as the tissue tension comes closer to the arterial tension, the tissue uptake of gas slows. 
 

2. Elimination of Inhalational Anesthetics. 
 
The major factors that affect rate of elimination of the anesthetics are the same as those that are 
important in the uptake phase.  Those with low blood/gas solubility wash out more quickly than 
those with higher coefficients.  If administration of anesthesia lasts longer than approximately 45 
minutes, enough anesthetic agent has been delivered to the fat tissue compartment to delay 
emergence for agents with higher fat solubility, regardless of their blood/gas coefficients.  As 
ventilation with anesthetic-free gas washes out the lungs, the arterial blood tension declines first, 
followed by that in the tissues.  
 
Because of the high blood flow to brain, its tension of anesthetic gas decreases rapidly, 
accounting for the rapid awakening from anesthesia noted with relatively insoluble agents such as 
nitrous oxide.  (The agent persists for a longer time in tissues with lower blood flow, e.g., fat and 
muscle.)  Thus, termination of anesthesia often is by redistribution of the anesthetic from the 
brain to blood and other tissues. 
 

C. Clinical Pharmacology of Individual Agents. 
 

1. Volatile anesthetics 
 

a. Halothane  
 
Pharmacokinetics.  Halothane, the first of the modern era anesthetics,  is a potent agent with a 
moderately rapid induction and emergence time.  It is rarely used today.  In practice, thiopental 
(an ultrashort-acting barbiturate, see Section III.A.) usually was administered for induction of 
anesthesia; halothane then was introduced for anesthesia maintenance.   
 
CNS.  Halothane has a mild analgesic effect, but often requires the addition of another analgesic 
agent such as N20 or a narcotic in a balanced technique to achieve the anesthetic state at more 
modest concentrations.  
 
Cardiovascular.  Halothane produces a dose-dependent depression of the myocardium and 
reduces venous tone; both contribute to the reduction in cardiac output and resultant fall in blood 
pressure.  The decrease in cerebral vascular resistance increases intracranial pressure.  Halothane 
inhibits baroreceptor activity and is thus associated with bradycardia; however, it does sensitize 
the myocardium to the arrhythmogenic effect of catecholamines. 
 
Respiration.  Halothane depresses respiratory minute volume at all levels of anesthesia, leading to 
a dose-dependent decreased tidal volume.  This results in the characteristic pattern of short, rapid 
breaths.  Halothane is far less irritating to the respiratory tract than isoflurane.  It does not 
increase secretions from the tracheobronchial tree, does not induce bronchospasm in light planes 
of anesthesia and is an effective bronchodilator.  It is, therefore, a desirable agent for asthmatic 
patients.   
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Muscle.  At clinical levels of anesthesia, halothane alone does not produce significant 
neuromuscular blockade.  Relaxation is produced by CNS-mediated depression of muscle 
activity.  Halothane-induced muscle relaxation will potentiate the effects of a skeletal muscle 
relaxant such as vecuronium.   
 
Evaluation.  Halothane is pleasant-smelling and nonirritating to the respiratory tract.  It is almost 
never used today because of its sensitization to catecholamines and its potential to cause liver 
necrosis. 
 

b. Isoflurane  
 
Pharmacological Properties.  Isoflurane is a fairly potent agent with a pharmacokinetic profile 
similar to halothane.  The pungent odor limits it use as a singular induction agent.  It is less 
soluble in tissues than either halothane, thus emergence is more rapid for surgical cases lasting 
more than 8 hours.  This agent has the advantage that only 0.2 - 0.3% of the inhaled dose is 
biotransformed. 
 
Respiration.  Isoflurane is a potent ventilatory depressant. 
 
Cardiovascular.  Isoflurane maintains cardiac output by dilating peripheral arterial beds that 
reduces afterload.  It does not sensitize the heart to catecholamines as does halothane.  In 
neurosurgery it has the advantage of not raising the intracranial pressure when patients are 
hyperventilated. 
 
Muscle.  Isoflurane potentates the action of neuromuscular blockers. 
 
Evaluation.  The aforementioned advantages have made isoflurane a commonly used volatile 
anesthetic in North America and Western Europe. 
  
   c. Sevoflurane  
 
Pharmacological Properties.  Sevoflurane is a potent (MAC =1.7-2.1) general anesthetic that has 
a number of desirable properties.  It has lower solubility in blood (blood/gas partition coefficient 
of 0.69) than isoflurane and therefore exhibits more rapid induction of anesthesia.  Because of a 
similar fat solubility to isoflurane, brief anesthetics result in rapid emergence, while those in 
excess of 45 minutes may be associated with more prolonged emergence. 
 
Cardiovascular.  Cardiovascular effects similar to isoflurane (produces a direct, calcium-mediated 
depression of the myocardium; does not sensitize myocardium to catecholamines). 
 
Respiration & Airways.  Does not produce airway irritation.  Respiratory depression similar to 
isoflurane.  It is pleasant smelling, and so it has been adopted extensively for use in pediatric 
anesthesia for gas induction. 
 
Muscle.  Sevoflurane potentates the action of neuromuscular blockers, decreasing the doses 
needed of these drugs.   
 
 
 
 
 
 



Pharmacology & Therapeutics                                                                                           General Anesthetics 
September 13, 2012                                                                                                             Scott Byram, M.D. 

 6

 
 
Evaluation.  Sevoflurane is a pleasant smelling anesthetic that is non-irritating to the airway.  It is 
readily acceptable to children.  It provides a rapid induction and recovery making it especially 
suitable for brief outpatient procedures.  It has minimal cardiac effects, making it suitable for 
elderly patients.  A drawback is its degradation by carbon dioxide absorbents (used to cleanse 
exhaled gases of carbon dioxide so they can be re-breathed) into a potentially nephrotoxic 
haloalkene, called Compound A.  With proper administration (total diluent gas flows in excess of 
2 l/min.), this phenomenon has not resulted in any human cases of nephrotoxicity. 

 
d. Desflurane  

 
Pharmacological Properties.  Desflurane is a relatively new general anesthetic agent.  It has the 
lowest solubility in blood of the fluranes, (blood/gas partition coefficient = 0.42) and therefore 
exhibits the most rapid induction and emergence from anesthesia.  Desflurane is a potent 
anesthetic (MAC = 4.6-7.2). 
 
Cardiovascular.  Desflurane causes sympathetic activation leading to increased heart rate and 
blood pressure.  This may be problematic for cranial injuries in which one wants to minimize 
cerebral edema.  
 
Respiration & Airways.  Unlike sevoflurane, desflurane is pungent and is a respiratory irritant and 
it readily provokes laryngospasm and coughing on induction.  Respiratory depression is similar to 
isoflurane.   
 
Muscle.  Desflurane potentiates neuromuscular blockers, decreasing the doses needed of these 
drugs.   
 
Evaluation.  The rapid onset and emergence from anesthesia make it favorable; however, it is 
extremely irritating to the airway it is not suitable for inhalational induction.  Its primary 
advantage over sevoflurane is speed of emergence after more prolonged surgery. 
 

2. Gaseous Anesthetics:  Nitrous oxide. 
 
Pharmacological Properties.  MAC for nitrous oxide is 110 percent of one atmosphere and thus it 
is incapable of independently producing surgical anesthesia outside of a hyperbaric chamber.  It is 
used clinically as a supplement to other agents.  Because nitrous oxide is relatively insoluble in 
blood and tissues (blood/gas partition coefficient=0.47), induction and emergence are rapid.  
 
CNS.  Nitrous oxide is a good analgesic: a 50% concentration in the inspired air is equivalent to 
10 mg morphine i.m.  Relatively high concentrations induce excitement (hence the term laughing 
gas). 
 
Respiration.  Nitrous oxide is not a respiratory irritant and induction is pleasant. 
  
Cardiovascular.  Nitrous oxide does not sensitize the heart to arrhythmogenic effects of 
catecholamines.  It does not increase intracranial pressure. 
 
Evaluation.  Nitrous oxide is an incomplete anesthetic and cannot be used alone to produce 
surgical levels of anesthesia and still allow adequate tissue oxygenation.  When used with other 
agents, a summation of MAC's occurs which allows more rapid awakening as well as a reduction 
in cardiovascular side effects typical of other anesthetics.  The rapid action, analgesic effect, lack 
of irritation of the tracheobronchial tree and lack of flammability have made nitrous oxide a 
valuable component of balanced anesthesia. 
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III. INTRAVENOUS ANESTHETICS AGENTS: 
 
 A. Ultrashort-Acting Barbiturates. 
 
Among the barbiturates, two compounds are useful as induction agents for surgical procedures.  
These barbiturates are thiopental sodium, and methohexital sodium.  These drugs are considered 
ultrashort-short acting agents because their rapid entry into the CNS is followed by a relatively 
quick redistribution of the drug to indifferent tissues, such as skeletal muscle.  Thiopental is the 
prototype for this class. 
  
  1. Pharmacokinetic Properties. 
 
Ultrashort-acting barbiturates are uniquely suited to accomplish a rapid induction of 
unconsciousness.  These agents induce anesthesia within one or two circulation times after their 
administration because they quickly achieve high concentrations in the CNS.  The rapid 
appearance in brain tissue is due to two factors:  (i) these anesthetics are very lipid-soluble and 
they diffuse rapidly through biological membranes, including the blood-brain barrier.  (ii) The 
tissue accumulation of i.v.-administered lipid-soluble drugs is initially proportional to the 
distribution of cardiac output.  The brain has a high blood flow per unit of mass and a large share 
of the total dose is distributed to this tissue. 
 
As the drug is removed from the blood by the less-richly perfused tissues, or eliminated by 
metabolism and excretion, or both, plasma levels will fall, and the concentration of anesthetic in 
the brain will decline precipitously.  Tissues having an intermediate blood flow per unit of mass, 
such as skeletal muscle and skin, are among the first to participate in the drug redistribution 
process. 
 
  2. Pharmacologic Properties. 
 
CNS.  Thiopental and other barbiturates are poor analgesics and may even increase the sensitivity 
to pain when administered in inadequate amounts. 
 
Respiration.  Thiopental is not irritating to the respiratory tract, and yet coughing, laryngospasm, 
and even bronchospasm occur with some frequency.  The basis of these reactions is unknown. 
Thiopental produces a dose-related depression of respiration that can be profound.   
 
Cardiovascular.  In the normovolemic patient, thiopental produces myocardial depression and 
venodilation.  It is a weak arterial constrictor. Modest hypotension is primarily the result of the 
effect of venodilation on cardiac output.  In the presence of hemorrhage/hypovolemia, the 
administration of a normal dose may result in profound hypotension or circulatory collapse.  
Concentration of catecholamines in plasma is not increased, and the heart is not sensitized to 
epinephrine.  Arrhythmias are uncommon.  Cerebral blood flow and cerebral metabolic rate are 
reduced with thiopental and there is a marked reduction of intracranial pressure.  This effect has 
proven beneficial in anesthesia for neurosurgical procedures. 
 
Muscle.  Relaxation of skeletal muscle is transient with little effect on uterine contractions, but 
thiopental crosses the placenta can depress the fetus.   
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Evaluation.  Most of the complications associated with the use of thiopental are minor and can be 
avoided or minimized by judicious use of the drug.  The advantages of thiopental are rapid, 
pleasant induction of anesthesia and fast recovery, with little postanesthetic excitement.  
Methohexital, opposite to thiopental, reduces seizure threshold and is useful only in 
elctroconvulsive therapy for depression or epileptic cerebral mapping. 
  
 B. Other Hypnotics. 
 
  1. Ketamine  
 
Ketamine has a unique anesthesia profile: profound analgesia, amnesia, and a superficial level of 
sleep.  The state of unconsciousness it produces is trance-like (eyes may remain open until deep 
anesthesia is obtained), and cataleptic in nature.  It is frequently described as dissociative, that is, 
the patient may experience a strong feeling of dissociation from the environment.   
 
Ketamine causes cardiovascular stimulation, with the increases in heart rate and blood pressure 
being mediated though a stimulation of the autonomic nervous system.  Therefore, this agent may 
prove useful in anesthetic induction for patients with a poor cardiac reserve or volume 
contraction.  Ketamine is not indicated for patients with hypertension.  An important advantage of 
ketamine is its potential for administration by the intramuscular route.  This is useful in 
anesthetizing children, since anesthesia can be induced relatively quickly in a child who resists an 
inhalation induction or the insertion of an IV catheter. 
 
The most serious disadvantage to the use of ketamine as an anesthetic agent is the drug's 
propensity to evoke excitatory and hallucinatory phenomena as the patient emerges from 
anesthesia. This agent is contraindicated for patients with psychiatric disorders. 
 
  2. Etomidate  
Etomidate is a potent hypnotic agent used only for induction.  A primary advantage of etomidate 
is its ability to preserve cardiovascular and respiratory stability better than does thiopental.  Major 
disadvantages include pain on injection, myoclonus and the propensity to suppress adrenocortical 
function in some patients. 
 
  3. Propofol  
 
Propofol is an important new intravenously administered anesthetic.  It induces anesthesia at a 
rate that is similar to induction with thiopental, but emergence from propofol-induced anesthesia 
is more rapid.  Emergence is characterized by minimal postoperative confusion.  These properties 
have made propofol a commonly used anesthetic for patients who are undergoing brief surgical 
procedures (i.e., "day-surgery").  Some pain may occur at the site of injection.  Propofol induces 
peripheral vasodilatation that results in a marked decrease in systemic blood pressure.  Propofol 
can produce apnea during induction and its effects on respiration are similar to those observed 
during thiopental-induced anesthesia. 
 
 C. Opioid Analgesics. 
 
Morphine and fentanyl are frequently employed as supplements during general anesthesia with 
inhalational or intravenous agents. Respiratory depression, mild decreases in blood pressure, 
some delay in awakening, and an appreciable incidence of postoperative nausea or vomiting 
accompany the use of these drugs.  Fentanyl is superior to morphine in that it does not cause 
histamine release.  Therefore, large doses may be tolerated without important cardiovascular 
effects. 
 


