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 Some figures were used from : Basic and 
Clinical Pharmacology, 11th ed., B.G. 
Katzung, Chapter 25

 All other figures and tables are personal 
preparations by Byram

 A 2 y/o male presents to the OR for bilateral 
myringotomy and tympanostomy tube 
placement.  He is otherwise healthy.  

1. How would you premedicate the child?
2. What volatile anesthetic would be the best choice 

for a mask induction?



2

 A 24 y/o male presents to the OR for emergent 
exploratory laporotomy for a trans-abdominal 
GSW.  He has a history of severe asthma.  BP 
70/40  HR 130. 
 What induction agent is most appropriate?

 The properties of a “general anesthetic”
 Mechanisms of volatile anesthetics
 Pharmacodynamics and MAC
 Pharmacokinetics
 Intravenous anesthetic agents

 Anesthetics produce
 Analgesia
 Amnesia
 Unconsciousness (+/-)
 Obtundation of noxious reflexes
 Muscle relaxation
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 Nitrous Oxide
 Joseph Priestley
 Humphry Davy
 Laughing Gas
 Huffing

 Ether
 Crawford W. Long
 Ether frolics

 William T. G. Morton

 Nitrous oxide
 Halothane
 Isoflurane
 Sevoflurane
 Desflurane 

 UNKNOWN!!
 Theories

 Spinal (movement); Brain (amnesia)
 Inhibition of synaptic transmission (RAS)
 Potentiation of inhibitory synaptic GABA receptors       

depression
 Meyer-Overton Theory: Critical Volume
 Lipid solubility and potency
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 Anesthetic effects
 Non-anesthetic effects

 Circulation
 Metabolism
 Ventilation

 Minimum alveolar concentration (MAC)
 Dose and potency
 Clinical relevance

 ALL inhaled anesthetics including N2O are 
myocardial depressants 
 decreased intracellular Ca++

 decreased intracellular Ca++

 Clinical effects include variable effects on 
baroreceptor function and sympathetic tone
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 Surgical stimulation is like elevated 
sympathetic tone

 Addition of N2O to a volatile anesthetic 
counters the hypotensive effect

 Dysfunctional ventricles have an exaggerated 
response to volatile anesthetics

 All general anesthetics decrease cerebral and 
global oxygen consumption

 In healthy people, reduction in oxygen always 
exceeds the reduction in cardiac output

 Only in the sickest of people, could the 
anesthetic-induced reduction in perfusion lead 
to organ dysfunction

 All agents decrease CO2 responsiveness and 
depress ventilation in a dose-dependent 
manner

 All agents depress the hypoxic drive to breathe 
even at subanesthetic levels

 No clinical effect on HPV
 Desflurane and isoflurane increase airway 

reflexes
 Volatile anesthetics are powerful dilators of 

constricted bronchioles
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 Decrease tidal 
volume

 Increase rate (except 
isoflurane)

 Produce an apneic 
threshold (4-5 
mmHg below 
resting CO2)

 Response altered by 
surgical stimulation

Original figure   S.B.

 Anesthetic effects
 Non-anesthetic effects

 Circulation
 Ventilation

 Minimum alveolar concentration (MAC)
 Dose and potency
 Clinical relevance

 Dose and potency. What is MAC? 

 One MAC is the Minimum Alveolar 
Concentration at which 50% of humans 
will not respond to a skin incision.

 MAC is additive
 Solo Rx
 Affected by temperature and age
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 The properties of a “general anesthetic”
 Mechanisms of volatile anesthetics
 Pharmacodynamics and MAC
 Pharmacokinetics
 Intravenous anesthetic agents

 What is FA/FI and why is it important
 Tissue groups- U & D curve
 Anesthetic solubilities and induction
 Roles of ventilation and cardiac output
 Anesthetic emergence
 Anesthetic elimination

 Proxy for brain is
 Brain :  a : A

 FA/FI

 Equilibrium between compartments

 Which brings us to uptake
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 Determinants in the 
presence of constant 
ventilation
 Alveolar/venous 

gradient
 Cardiac output
 Solubility

Figure 25-4 Basic and Clinical 
Pharmacology, 11th ed.
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Original figure   S.B.

Figure 25-3 Basic and Clinical Pharmacology,
11th ed.
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 What is FA/FI and why is it important
 Tissue groups- U&D curve
 Anesthetic solubilities and induction
 Roles of ventilation and cardiac output
 Anesthetic emergence
 Anesthetic elimination

Tissue Groups

Characteristic Vessel-
Rich

Muscle Fat Vessel-
poor

Percentage of 
body mass

10 50 20 20

Flow as % of 
cardiac output

75 19 6 0

Original figure   S.B.
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 What is FA/FI and why is it important
 Tissue groups- U&D curve
 Anesthetic solubilities and induction
 Roles of ventilation and cardiac output
 Anesthetic emergence
 Anesthetic elimination

Anesthetic Blood-Gas Brain-Blood Fat-Blood

Desflurane 0.45 1.3 27

N2O 0.47 1.1 2.3

Sevoflurane 0.65 1.7 48

Isoflurane 1.4 1.6 45

Halothane 2.5 1.9 51

Ether 12 2.0 65

Figure 25-4 Basic and Clinical 
Pharmacology, 11th ed.



11

 What is FA/FI and why is it important
 Tissue groups- U&D curve
 Anesthetic solubilities and induction
 Roles of ventilation and cardiac output
 Anesthetic emergence
 Anesthetic elimination

Figure 25-5 Basic and Clinical 
Pharmacology, 11th ed.

 What is FA/FI and why is it important
 Tissue groups- U&D curve
 Anesthetic solubilities and induction
 Anesthetic emergence
 Anesthetic elimination



12

Anesthetic Blood-Gas Brain-Blood Fat-Blood

Desflurane 0.45 1.3 27

N2O 0.47 1.1 2.3

Sevoflurane 0.65 1.7 48

Isoflurane 1.4 1.6 45

Halothane 2.5 1.9 51

Ether 12 2.0 65

 What is FA/FI and why is it important
 Tissue groups- U&D curve
 Anesthetic solubilities and induction
 Roles of ventilation and cardiac output
 Anesthetic emergence
 Anesthetic elimination

 All anesthetics are metabolized by the liver to 
some degree

 Metabolism may lead to toxic products 
Halothane hepatitis (two forms)
 Ischemic
 Autoimmune
 Possible with desflurane and isoflurane
 TFA groups

 Sevoflurane and Compound A
 N20 

 Inhibition of methionine synthase
 Waste gases: abortion, teratogenicity, cancer
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 The properties of a “general anesthetic”
 Mechanisms of volatile anesthetics
 Pharmacodynamics and MAC
 Pharmacokinetics
 Intravenous anesthetic agents

 Induction agents
 Other Agents

Figure 25-1 Basic and 
Clinical Pharmacology,
11th ed.

 Two distinct phases  
 Alpha Phase (distribution phase): rapid 

decrease in plasma concentration reflect 
distribution to the tissues (from circulation to 
tissues)

 Beta Phase (elimination phase): gradual 
decrease reflecting elimination by renal and 
hepatic mechanisms
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 Multi-compartment 
elimination

 Hyperbolic curve
 Organ concentration 

vs elimination
 Characteristic of all 

intravenous anesthetics

Figure 25-6 Basic and 
Clinical Pharmacology,
11th ed.,

 Induction agents
 Barbiturates 
 Propofol
 Etomidate
 Ketamine

 Anesthetic adjuncts
 Benzodiazepines
 Opioids

 Hypnosis
 General anesthesia

 Analgesia
 Only relevant at sedation doses

 Amnesia
 Less than benzodiazepines

 Dose and onset
 3-10 mg/kg (speed of injection and redistribution)
 15-30 seconds
 Highly fat soluble and non-ionized
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 Stimulate inhibitory neurons
 Increase duration of GABAA

 Depress excitatory neurons
 Decreased glutamate transmission

 Inhibit seizure activity
 Exception: methohexital

 Profound depression of CMRO2
 Maximal (50%) at flat EEG

 Maintains perfusion/metabolic coupling
 Increased cerebral vascular resistance     

decreased cerebral blood flow        decreased 
ICP
 Therapeutic effect
 Elevated ICP
 Focal ischemic injury
 Robin Hood phenomenon

 NOT IN GLOBAL ISCHEMIA

 Direct arterial contraction
 Local vasospasm
 Cerebrovascular effect

 Hypotension
 Venodilation
 Pearl Harbor effect              Decreased C.O.

 Myocardial depression
 Transient loss of central sympathetic tone

 Tachycardia
 Preserved baroreflexes
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 Allergy including anaphylaxis (rare)
 Tissue irritation and necrosis
 Enzyme induction

 ALA synthase
 Porphyria exacerbation

 Respiratory
 Transient apnea on induction
 Generalized depression 

 Barbiturates
 Propofol (1978)
 Etomidate (1972)
 Ketamine (1965)

 Diisopropylphenol soluble in fat, poorly in 
water

 Prepared in fat emulsion with antimicrobial to 
prevent bacteria formation

 Site of action: β-subunit of the GABAA receptor 
 Induction dose:  1-2.5 mg/kg
 Peak effect: 60-90 seconds
 Duration: 8-10 minutes
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 Hypnosis/amnesia
 Antiemesis
 Sense of well-being on emergence
 Decreases ICP, CMRO2 and IOP
 Respiratory depressant (apnea on induction; 

30-50%)
 Pain on injection
 Occasional myoclonus

 Hypotension
 Arterial dilation
 Venodilation
 Decreased CO and SV

 Myocardial depression

 Little change in heart rate
 Inhibition of baroreflex

 Elimination
 Very rapid hepatic elimination
 Termination too rapid to be accommodated by 

hepatic blood flow
 Lungs remove 30% of injected propofol
 Other extrahepatic sites—probably the kidney

 Termination
 6-8 minutes after bolus
 More complete than thiopental 
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 Barbiturates
 Propofol (1978)
 Etomidate (1972)
 Ketamine (1965)

 Hypnosis without analgesia

 Decreases CBF, CMRO2, ICP, IOP

 Excitatory EEG effect (mapping?)

 Myoclonus

 Cardiovascular
 Minimal effects on HR, BP, filling pressures and CO
 Preserved baroreflexes and little effect on 

sympathetic nervous system
 Combined with absence of analgesia, will not 

prevent hemodynamic response to intubation 
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 Respiratory
 Minimal respiratory depression with brief apnea 

after induction
 Little effect on bronchial tone

 Endocrine
 Adrenocortical suppression
 not for infusion
 Single dose may cause addisonian crisis

 Nausea & vomiting, pain on injection, hiccups
 Myoclonus 

 Induction dose: 0.2-0.6 mg/kg
 Induction of anesthesia in sick patients

 Cardiovascular disease
 Elevated ICP
 Large vascular aneurysms
 Trauma 

 ECT
 Particularly valuable in psychiatric patients with 

cardiac disease
 Cardiac stability + CNS excitation

 Long term steroid therapy
 Addison’s disease
 Severe volume contraction
 Seizure disorders
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 Barbiturates 
 Propofol (1978)
 Etomidate (1972)
 Ketamine (1965)

 Phencyclidine derivative
 NMDA antagonist
 Minimal respiratory depression
 SNS stimulation
 Bronchodilation
 Profound analgesia (even in small doses)

 Dose related unconsciousness
 May appear “awake” (dissociative anesthesia)
 Some reflexes retained: corneal, swallow, cough
 Nystagmus

 Increases CBF, ICP, CMRO2

 Emergence delirium
 Prevented by midazolam
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 Respiratory
 Minimal depression
 Profound bronchodilator
 Increased salivation

 Cardiovascular
 Increases HR, BP, CO
 Mechanism: central, but unknown
 Direct myocardial depression

 Elevated ICP
 Open eye injury
 Ischemic heart disease
 Vascular aneurysms
 Psychiatric disorders

 Benzodiazepines
 Diazepam, lorazepam
 Pain on injection

 Midazolam
 Water soluble → Lipid soluble at physiologic pH
 Oral preparation

 Opioids
 Smooth hemodynamics 
 Fentanyl, Sufentanil, Remifentanil
 Risk of awareness
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 MAC is analogous to potency
 ↑ uptake = ↓ induction speed

 Solubility, Cardiac Output, A:V gradient

 Volatile anesthetics ↓ SVR, but maintain CO by 
↑ HR

 All volatile anesthetics are bronchodilators, but 
depress respiratory drive

Propofol Hypotension - inhibition of 
Barroreceptor reflex

Etomidate Cardiovascular stability, 
adrenal supression

Ketamine Increases SNS tone, 
Bronchodilation, Increases ICP, 
NMDA antagonist 

Methohexital Activates seizure foci

 A 2 y/o male presents to the OR for bilateral 
myringotomy and tympanostomy tube 
placement.  He is otherwise healthy.  

1. How would you premedicate the child?

– Oral midazolam
2. What volatile anesthetic would be the best choice 

for a mask induction?

– Sevoflurane
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 A 24 y/o male presents to the OR for emergent 
exploratory laporotomy for a trans-abdominal 
GSW.  He has a history of severe asthma.  BP 
70/40  HR 130. 
 What induction agent is most appropriate?

Ketamine

Questions?


