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History 
▪ The discovery of the anesthetic properties of nitrous oxide, diethyl ether, and chloroform in the 1840s was followed 

by a hiatus of about 80 years before other inhaled anesthetics were introduced (Fig. 2-1). 

• Recognition the replacing a hydrogen atom with a fluorine atom decreased flammability led to the introduction, 

in 1951, of the first halogenated hydrocarbon anesthetic, fluroxene. 

• Halothane was synthetized in 1951 and introduced for clinical use in 1956. However, the tendency for alkane 

derivatives such as halothane to enhance the arrhythmogenic effects of epinephrine led to the search for new 

inhaled anesthetics derived from ethers. 

 

 

 
 

FIGURE 2-1 Inhaled anesthetics introduced into clinical practice beginning with the successful use of nitrous oxide in 1844 for dental 
anesthesia followed by recognition of the anesthetic properties of ether in 1846 and of chloroform in 1847. Modern anesthetics, 
beginning with halothane, differ from prior anesthetics in being fluorinated and nonflammable. 

 

 

• Methoxyflurane was introduced into clinical practice in 1960. Although methoxyflurane did not enhance the 

arrhythmogenic effects of epinephrine, its high solubility in blood and lipids resulted in a prolonged induction 

and slower recovery from anesthesia. 

• Enflurane, the next methyl ethyl ether derivative, was introduced for clinical use in 1973. This anesthetic, in 

contrast to halothane, does not enhance the arrhythmogenic effects of epinephrine or cause hepatotoxicity. 

▪ In search of a drug with fewer side effects, isoflurane, a structural isomer of enflurane, was introduced in 1981. This 

drug was resistant to metabolism, making organ toxicity unlikely after its administration. 
 

Inhaled Anesthetics for the Present and Future 
▪ The search for even more pharmacologically “perfect” inhaled anesthetics did not end with the introduction and 

widespread of isoflurane. 

INHALED ANESTHETICS 
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▪ Desflurane, a totally fluorinated methyl ethyl ether, was introduced in 1992 and was followed in 1994 by the totally 

fluorinated methyl isopropyl ether, sevoflurane. The low solubility of these volatile anesthetics in blood facilitated 

rapid induction of anesthesia, precise control of end-tidal anesthetic concentrations during maintenance of anesthesia, 

and prompt recovery at the end of anesthesia independent of the duration of administration (important for ambulatory 

surgery). 

▪ Cost considerations. The costs of new inhaled anesthetics can be decreased by using low, fresh gas flow rates. Less 

soluble anesthetics are more suitable for use with low gas flow rates because their poor solubility permits better 

control of the delivered concentration.  
 

Classification 
1. Gases: Nitrous oxide – Xenon – Cyclopropane. 

2. Volatile: 

• Halogenated hydrocarbon: Halothane – Chloroform – Trichloroethylene – Ethyl chloride. 

• Ethers: Isoflurane – Desflurane – Enflurane – Sevoflurane – Methoxyflurane. 
 

Characteristics of Ideal Volatile Agents 
Physical 
▪ Liquid at room temperature. 

▪ Low latent heat of vaporization. 

▪ Low specific heat capacity. 

▪ Saturated vapor pressure (SVP) sufficiently high to allow easy vaporization. 

▪ Stable in light. 

▪ Stable in room temperature. 

▪ Noninflammable. 

▪ Inexpensive. 

▪ Environmentally safe. 

Pharmacological 
▪ Pleasant smell. 

▪ Low blood/gas solubility. 

▪ Patent enough to provide surgical anesthetic without supplemental (low MAC). 

▪ High oil/gas solubility. 

▪ Analgesic effect. 

▪ Non epileptogenic. 

▪ Non cardiac irritability. 

▪ No cardiovascular system depression. 

▪ Nonirritant to airway. 

▪ Muscle relaxation. 

▪ Unaffected by renal failure. 

▪ Unaffected by hepatic failure. 

▪ Minimal metabolism. 
 

Current Clinically Useful Inhaled Anesthetics (Fig. 2-2). 

 

 

 
 

FIGURE 2-2 Inhaled anesthetics 
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Physical and chemical properties of inhaled anesthetics 
 

 Nitrous 

oxide 
 

 

Halothane 

 

Enflurane 

 

Isoflurane 

 

Desflurane 

 

Sevoflurane 

Molecular weight 
 

44 197 184 184 168 200 

Boiling point (°C) 
 

 50.2 56.5 48.5 22.8 58.5 

Vapor pressure (mmHg; 20°C) 
 

Gas  224 172 240 669 170 

Odor 
 

Sweet Organic Ethereal Ethereal Ethereal Ethereal 

Preservative necessary 
 

No Yes No No No No 

Stability in soda lime (40°C) 
 

Yes No Yes Yes Yes No 

Blood:gas partition coefficient 
 

0.46 2.54 1.90 1.46 0.42 0.69 

MAC (37°C, 30 to 55 years old, 

PBRAIN 760 mmHg) 
 

104 0.75 1.63 1.17 6.6 1.80 

 

Nitrous oxide 
Nitrous oxide is a low-molecular-weight, odorless to sweet-smelling, nonflammable gas of low potency and poor blood 

solubility (blood:gas partition coefficient 0.46) that is most commonly administered in combination with opioids or volatile 

anesthetics to produce general anesthesia. 

1. Although nitrous oxide is nonflammable, it will support combustion. 

2. Its poor solubility permits rapid achievement of an alveolar and brain partial pressure of the drug (analgesic effects 

of nitrous oxide are prominent but short-lived) (Fig. 2-3) 

 

 
 

FIGURE 2-3 The pharmacokinetics of inhaled anesthetics during the induction of anesthesia is defined as the ratio of the end-tidal 
anesthetic concentration (FA) to the inspired anesthetic concentration (FI). Consistent with their relative blood:gas partition 
coefficients, the FA/FI of poorly soluble anesthetics (nitrous oxide, desflurane, sevoflurane) increases more rapidly than that of 
anesthetics with greater solubility in blood. A decrease in the rate of change in the FA/FI after 5 to 15 minutes (three time constant) 
reflects decreased tissue uptake of the anesthetic as the vessel-rich group tissues become saturated. 
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3. The benefits of nitrous oxide must be balanced against its possible adverse effects (high-volume absorption of nitrous 

oxide in gas containing spaces, potential increase in the risk of postoperative nausea and vomiting, its ability to 

inactive vitamin B12). 

Halothane 
Halothane, with its intermediate solubility in blood combined with a high potency, permits intermediate onset and recovery 

from anesthesia when administered alone or in combination with nitrous oxide or injected drugs such as opioids.  

Enflurane 
Enflurane, with its intermediate solubility in blood combined with a high potency, permits intermediate onset and recovery 

from anesthesia when administered alone or in combination with nitrous oxide or injected drugs such as opioids. Enflurane 

decreases the threshold for seizures (used for procedures in which a low threshold for seizure generation is desirable such 

as electroconvulsive therapy). 

Isoflurane 
Isoflurane, with its intermediate solubility in blood combined with a high potency, permits intermediate onset and recovery 

from anesthesia using isoflurane alone or in combination with nitrous oxide or injected drugs such as opioids. 

1. Although isoflurane is an isomer of enflurane, their manufacturing processes are not similar. The subsequent 

purification of isoflurane by distillation is complex and expensive. 

2. Isoflurane is characterized by extreme physical stability. 

Desflurane 
Desflurane is a fluorinated methyl ethyl ether that differs from isoflurane only by substitution of a fluorine atom for chlorine 

atom found on the α-ethyl component of isoflurane. 

1. Fluorination rather than chlorination increases vapor pressure (decreases intermolecular attraction), enhances 

molecular stability, and decreases potency. 

2. The vapor pressure of desflurane exceeds that of isoflurane by a factor of three such that desflurane would boil at 

normal operating room temperatures (requires a heated and pressurized vaporizer for delivery). 

3. Unlike halothane that inhalation induction of anesthesia will be feasible or pleasant for the patient. 

4. Carbon monoxide results from degradation of desflurane by the strong base present in desiccated carbon dioxide 

absorbents. 

5. Solubility characteristics (blood:gas partition coefficient 0.45) and potency (MAC 6.6%) permit rapid achievement 

of an alveolar partial pressure necessary for anesthesia followed by prompt awakening when desflurane is 

discontinued.  

Sevoflurane 
Sevoflurane is fluorinated methyl isopropyl ether. 

1. The vapor pressure of sevoflurane resembles that of halothane and isoflurane, permitting delivery of this anesthetic 

via a conventional unheated vaporizer. 

2. The solubility of sevoflurane (blood:gas partition coefficient 0.69) resembles that of desflurane, ensuring prompt 

induction of anesthesia and recovery after discontinuation of the anesthetic. 

3. Sevoflurane is nonpungent, has minimal odor, produces bronchodilation similar in degree to isoflurane, and causes 

the least degree of airway irritation among the currently available volatile anesthetics (like halothane is acceptable 

for inhalation induction of anesthesia). 

4. Sevoflurane may be 100-fold more vulnerable to metabolism than desflurane, with an estimated 3% to 5% of the 

dose undergoing biodegradation (fluoride). 

5. Sevoflurane is the least likely volatile anesthetic to form carbon monoxide on exposure to carbon dioxide absorbents.   

Xenon 
Xenon is an inert gas with many of the characteristics considered important for an ideal inhaled anesthetic (nonexplosive, 

nonpungent, odorless). 
 

Pharmacokinetics of Inhaled Anesthetics 
Pharmacokinetics of inhaled anesthetics describes their: 

▪ Absorption (uptake) from alveolar into pulmonary capillary blood. 

▪ Distribution in the body. 

▪ Metabolism. 

▪ Elimination, principally via the lung. 

A series of partial pressure gradients beginning at the anesthetic machine serve to propel the inhaled anesthetic across 

various barriers (alveoli, capillaries, cell membranes) to their sites of action in the central nervous system. The brain and 

all other tissues equilibrate with the partial pressures of inhaled anesthetics delivered to them by arterial blood (Pa). 

Determinants of alveolar partial pressure  

The Pa and ultimately the PBRAIN of inhaled anesthetics are determined by input (delivery) into alveolar minus uptake (loss) 

of the drug from alveolar into arterial blood. 
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Factors determining partial pressure gradients necessary for establishment of anesthesia 
 

Transfer of inhaled anesthetic from anesthetic machine to alveoli (anesthetic input) 

• Inspired partial pressure 

• Alveolar ventilation 

• Characteristics of anesthetic breathing system 

• Functional residual capacity 

Transfer of inhaled anesthetic from alveoli to arterial blood (anesthetic loss) 

• Blood:gas partition coefficient 

• Cardiac output 

• Alveolar-to-venous partial pressure difference 

Transfer of inhaled anesthetic from arterial blood to brain (anesthetic loss) 

• Brain:blood partition coefficient 

• Cerebral blood flow 

• Arterial-to-venous partial pressure difference 
 

 

1. Inhaled partial pressure (PI). A high PI delivered from the anesthetic machine is required during initial 

administration of the anesthetic. 

• A high initial input offsets the impact of uptake, accelerating induction of anesthesia as reflected by the rate 

of rise in the Pa and thus the PBRAIN. 

• With time, as uptake into the blood decreases, the PI should be decreased to match the decreased anesthetic 

uptake and therefore maintain a constant and optimal PBRAIN. 

2. Concentration effect. The impact of PI on the rate of rise of the Pa of an inhaled anesthetic is known as the 

concentration effect (Fig. 2-4). 

 

 

 
 

FIGURE 2-4 The impact of the inhaled concentration of an anesthetic on the rate at which the alveolar concentration increases 
toward the inspired (FE/FI) is known as the concentration effect. 
 
  

3. Second gas effect reflects the ability of high-volume uptake of one gas (first gas) to accelerate the rate of increase of 

the Pa of a concurrently administered “companion” gas (second gas) (Fig. 2-5) 
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FIGURE 2-5 The second gas effect is the accelerated increase in the alveolar concentration of a second gas, halothane (HALOTH), 
toward the inspired (FA/FI) in the presence of a high inhaled concentration of the first gas (N2O). 

 

 

4. Spontaneous versus mechanical ventilation. Inhaled anesthetics influence their own uptake by virtue of dose-

dependent depressant effect on alveolar ventilation. This in effect, is a negative-feedback protective mechanism that 

prevents establishment of an excessive depth of anesthesia (delivery of anesthesia is decreased when ventilation is 

decreased) when a high PI is administered during spontaneous breathing (Fig. 2-6). 
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FIGURE 2-6 Effect of the mode of ventilation on the rate of increase of the alveolar concentration (FA) of halothane toward the 
inspired concentration (FI) as determined in an animal model. Negative-feedback inhibition of spontaneous ventilation (A) limits 
the FA/FI to 0.6 for all the inspired concentrations of halothane. The positive-feedback effect of controlled ventilation (B) results in 
ratio of the FA/Fi that approach 1.0 and excessive depressant effects of halothane on cardiovascular system at the higher inspired 
concentrations of the anesthetic.  

 
 
 

5. Impact of solubility. The impact of changes in alveolar ventilation on the rate of increase in the Pa toward the PI 

depends on the solubility of the anesthetic in blood. For example, changes in alveolar ventilation influence the rate 

of increase of the Pa of a soluble anesthetic (halothane, isoflurane) more than a poorly soluble anesthetic (nitrous 

oxide, desflurane, sevoflurane). Indeed, the rate of increase in the Pa of nitrous oxide is rapid regardless of the alveolar 

ventilation. 

6. Anesthetic breathing system. Characteristics of the anesthetic breathing system that influence the rate of increase of 

the Pa are: 

• The volume of the external breathing system. 

• The solubility of the inhaled anesthetics in the rubber or plastic components of the breathing system. 

• Gas inflow from the anesthetic machine.  

Solubility 
The solubility of the inhaled anesthetics in blood and tissues is denoted by the partition coefficient. A partition coefficient 

is a distribution ratio describing how the inhaled anesthetic distributes itself between two phases at equilibrium (partial 

pressure equal in both phases). 
 

Comparative solubilities of inhaled anesthetics  
 

 Blood:gas 

partition 

coefficient 
 

Brain:blood 

partition 

coefficient 

Muscle:blood 

partition 

coefficient 

Fat:blood 

partition 

coefficient 

Oil:gas 

partition 

coefficient 

Soluble 

Methoxyflurane 
 

 

12 

 

2 

 

1.3 

 

48.8 

 

970 

Intermediately soluble 

Halothane 

Enflurane 

Isoflurane 
 

 

2.54 

1.90 

1.46 

 

1.9 

1.5 

1.6 

 

3.4 

1.7 

2.9 

 

51.1 

36.2 

44.9 

 

224 

98 

98 

Poorly soluble 

Nitrous oxide 

Desflurane 

Sevoflurane  

Xenon  
 

 

0.46 

0.42 

0.69 

0.115 

 

1.1 

1.3 

1.7 

 

 

1.2 

2.0 

3.1 

 

2.3 

27.2 

47.5 

 

1.4 

18.7 

55 
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1. Blood:gas partition coefficients. The rate of increase of the Pa toward the PI (maintained constant by mechanical 

ventilation of the lungs) is inversely related to the solubility of the anesthetic in blood (see Fig.2-4). 

2. Tissue:blood partition coefficients determine uptake of anesthetic into tissues and the time necessary for 

equilibration of tissues with the Pa. 

• The time for equilibration can be estimated by calculating a time (amount of inhaled anesthetic that can be 

dissolved in the tissues divided by tissue blood flow) for each tissue. 

• One time constant in an exponential curve represents 63% equilibration. Three time constants are equivalent 

to 95% equilibration. For volatile anesthetics, equilibration between the Pa and PBRAIN depends on the 

anesthetic’s blood solubility and requires 5 to 15 minutes (three time constants). 

3. Nitrous oxide transfer to closed gas space. The blood:gas partition coefficient of nitrous (0.46) is about 34 times 

greater than that of nitrogen (0.014). This differential solubility means that nitrous oxide can leave the blood to enter 

an air-filled cavity 34 times more rapidly than nitrogen can leave the cavity to enter blood. 

• As a result of this preferential transfer of nitrous oxide, the volume or pressure of an air-filled cavity increases. 

• Passage of nitrous oxide into an air-filled cavity surrounded by a compliant wall (intestinal gas, pneumothorax, 

pulmonary blebs, air bubbles) causes the gas space to expand (Fig. 2-7). Conversely, passage of nitrous oxide 

into air-filled cavity surrounded by a noncompliant wall (middle ear, cerebral ventricles, supratentorial space) 

causes an increase in intracavitary pressure.   
 

 

 
 

FIGURE 2-7 Inhalation of 75% nitrous oxide rapidly increases the volume of a pneumothorax (open symbols). Inhalation of oxygen 
(solid symbols) does not alter the volume of the pneumothorax. 
 

 

Cardiac output  
Cardiac output (pulmonary blood flow) influences uptake and therefore Pa by carrying away either more less anesthetic 

from the alveoli. An increased cardiac output results in more rapid uptake, so the rate of increase in the Pa and thus the 

induction of anesthesia is slowed. A decreased cardiac output speeds the rate of increase of the Pa because there is less 

uptake to oppose input. 

1. Conceptually, a change in cardiac output is analogous to the effect of a change in solubility. 

2. As with alveolar ventilation, changes in cardiac output mostly influence the rate of increase the Pa of a soluble 

anesthetic. Conversely, the rate of increase of the Pa of a poorly soluble anesthetic, such as nitrous oxide, is rapid 

regardless of physiologic deviations of the cardiac output around its normal value (Fig. 2-8), 

Alveolar-to-venous partial pressure differences 
 

Body tissue composition 
 

 
 

Body mass (% of 70-kg adult) Blood flow (% of cardiac output) 

Vessel-rich group 
 

10 75 

Muscle group 
 

50 19 

Fat group 
 

20 6 

Vessel-poor group 
 

20 < 1 
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FIGURE 2-8 Elimination of inhaled anesthetics is defined as the ratio of the end-tidal anesthetic concentration (FA) to the FA 
immediately before the beginning of elimination (FAO). The rate of decrease (awakening from anesthesia) in FA/FAO is most rapid 
with the anesthetics that are least soluble in blood (nitrous oxide, desflurane, sevoflurane).  

 

 

Recovery from anesthesia (Fig. 2-8). 
1. Context-sensitive half-time. The pharmacokinetics of the elimination of inhaled anesthetics depends on the length of 

administration and the blood-gas solubility of the inhaled anesthetic. 

2. Diffusion hypoxia occurs when inhalation of nitrous oxide is discontinued abruptly, leading to a reversal of partial 

pressure gradients such that nitrous oxide leaves the blood to enter alveoli. 
 

Pharmacodynamics of Inhaled Anesthetics  

Minimum alveolar concentration (MAC)  

MAC of an inhaled anesthetic is defined as that concentration at 1 atmosphere that prevents skeletal muscle movement in 

response to a supramaximal painful stimulus (surgical skin incision) in 50% of patients. 

1. Immobility produced by inhaled anesthetics as measured by MAC is mediated principally by effects of these drugs 

on the spinal cord and only a minor component of immobility results from cerebral effects (Fig. 2-9). 

2. MAC is among the most useful concepts in anesthetic pharmacology because it establishes a common measure of 

potency (partial pressure at steady state) for inhaled anesthetics. 

3. Factors that alter MAC. 
 

Impact of physiologic and pharmacologic factors on minimum alveolar concentration (MAC)  
 

Increases in MAC 

• Hyperthermia 

• Excess pheomelanin production (red hair) 

• Drug-induced increases in central nervous system catecholamine levels 

• Cyclosporine 

• Hypernatremia 

Decreased in MAC 

• Hypothermia 

• Increasing age 
 

• Preoperative medication 
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• Drug-induced decreases in central nervous system catecholamine levels 

• α-2 agonists 

• Acute alcohol ingestion 

• Pregnancy 

• Postpartum (returns to normal in 24-72 hours) 

• Lithium 

• Lidocaine 

• Neuraxial opioids (?) 

• Ketanserin 

• PaO2 < 38 mmHg 

• Blood pressure < 40 mmHg 

• Cardiopulmonary bypass 

• Hyponatremia 

No changes in MAC 

• Anesthetic metabolism 

• Chronic alcohol abuse 

• Gender 

• Duration of anesthesia (?) 

• PaCO2 15-95 mmHg 

• PaO2 > 38 mmHg 

• Blood pressure > 40 mmHg 

• Hyperkalemia or hypokalemia 

• Thyroid gland dysfunction 
 

 

 

 

 
 

FIGURE 2-9 Decerebration does not change in the minimum alveolar anesthetic concentration of isoflurane in rates confirming that 
the effects of volatile anesthetics on the spinal cord determine MAC. 

 
 

Mechanism of anesthetic action 
1. Meyer-Overton theory (critical volume hypothesis): 

• Correlation between the lipid solubility of inhaled anesthetics (oil:gas partition coefficient) and anesthetic 

potency has historically been presumed to be evidence that inhaled anesthetics act by disrupting the structure 

or dynamic properties of the lipid portion of nerve membranes. 

• The most compelling evidence against the Meyer-Overton theory of anesthesia is the fact that effects is 

implausibly small and can generally be mimicked by temperature changes of 1°C. Furthermore, not all lipid-

soluble drugs are anesthetics, and, in fact, some are convulsants. 

2. Stereoselectivity. The most definitive evidence that general anesthetics act by binding directly to proteins and not a 

lipid bilayer comes from observations of stereoslectivity.  
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Mechanism of anesthesia-induced unconsciousness 

A comprehensive explanation of the mechanism by which volatile anesthetics cause loss of consciousness (suppression 

of awareness) is not known. There is evidence that loss of consciousness (hypnosis), amnesia, and the response to skin 

incision (immobility as defined by MAC) are not a single continuum of increasing anesthetic depth but rather separate 

phenomonea. 
 

Comparative Pharmacology of Gaseous Anesthetic Drugs 
Inhaled anesthetics evoke different pharmacologic effects at comparable percentages of MAC concentrations, emphasizing 

that dose-response curves for these drugs are not necessarily parallel. Desflurane and sevoflurane provide a specific 

advantage over other currently available potent inhaled anesthetics in that their lower blood and tissue solubility permit 

more precise control over the induction of anesthesia and a more rapid recovery when the drug is discontinued. 

 

Variables that influence pharmacologic effects of inhaled anesthetics  
 

Anesthetic concentration 

Rate of increase in anesthetic concentration 

Spontaneous versus controlled ventilation 

Variations from normocapnia 

Surgical stimulation 

Patient age 

Coexisting disease 

Concomitant drug therapy 

Intravascular fluid volume 

Preoperative medication 

Injected drugs to induce and/or maintain anesthesia or skeletal muscle relaxation 

Alternation in body temperature 
   

   

Central nervous system effects 
1. Mental impairment is not detectable in volunteers breathing 1,600 ppm (0.16%) nitrous oxide (unlikely that 

impairment of mental function in the personnel who work in the operating room using modern anesthetic scavenging 

techniques can result from inhaling trace concentrations of anesthetics). 

2. Cerebral metabolic oxygen requirements are decreased in parallel with drug-induced decreases in cerebral activity. 

3. Drug-induced increases in cerebral blood flow (CBF) may increase intracranial pressure in patients with space-

occupying lesions. 

• Desflurane and isoflurane are similar in terms of increases in CBF and the preservation of reactivity to carbon 

dioxide (Fig. 2-10). 

• Anesthetic-induced increases in CBF occur within minutes of initiating administration of the inhaled drug and 

whether blood pressure is unchanged or decreased, emphasizing the cerebral vasodilating effects of these 

drugs. 

4. Seizure activity. Enflurane (not desflurane or sevoflurane) can produce fast frequency and high voltage on the 

electroencephalograph that often progresses to spike-wave activity that is indistinguishable from changes that 

accompany a seizure. 

5. Evoked potentials. Volatile anesthetics cause dose-related decreases in the amplitude and increases the latency of the 

cortical component of median nerve somatosensory evoked potentials, visual evoked potentials, and auditory evoked 

potentials. 

6. Intracranial pressure (ICP). Inhaled anesthetics produce increases in ICP that parallel increases in CBF produced 

by these drugs. Patients with space-occupying intracranial lesions are most vulnerable to these drug-induced increases 

in ICP   

Circulatory effects  

Inhaled anesthetics produce dose-dependent and drug-specific circulatory effects. The circulatory effects of desflurane 

and sevoflurane parallel many of the characteristics of older inhaled anesthetics with desflurane most closely resembling 

isoflurane, whereas sevoflurane has characteristics of both isoflurane and halothane. 

1. Mean arterial pressure (Figs. 2-11 and 13). 

2. Heart rate (Fig. 2-13). A small dose of opioid (morphine in the preoperative medication or fentanyl intravenously 

immediately before induction of anesthesia) can prevent the heart rate increase associated with isoflurane and 

presumably the other volatile anesthetics. 
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FIGURE 2-10 Cerebral blood flow measured in the presence of normocapnia and in the absence of surgical stimulation. 

 
 

 

 

 

 
 

FIGURE 2-11 The effects of increasing concentrations (MAC) of halothane, isoflurane, desflurane, and sevoflurane on mean arterial 
pressure (mmHg) when administered to healthy volunteers. 
 

 

3. Cardiac output and stroke volume (Fig. 2-14) 

4. Systemic vascular resistance. Isoflurane, desflurane, and sevoflurane, but not halothane, decrease systemic vascular 

resistance when administered to healthy human volunteers (Fig.2-15) 

5. Duration of administration. Administration of a volatile anesthetic for 5 hours or longer is accompanied by recovery 

from the cardiovascular depressant effects of these drugs (compared with measurement at 1 hour, the same MAC 

concentration after 5 hours is associated with a return of cardiac output toward predrug levels) (Figs. 2-16 and 17). 

6. Cardiac dysrhythmias. The ability of volatile anesthetics to decrease the dose of epinephrine necessary to evoke 

ventricular cardiac dysrhythmias is greatest with the alkane derivative halothane and minimal to nonexistent with 

ether derivatives isoflurane, desflurane, and sevoflurane (Figs 2-18 to 2-20). 

7. Spontaneous breathing. Circulatory effects produced by volatile anesthetics during spontaneous breathing are 

different from those observed during normocapnia and controlled ventilation of the lungs (reflects the impact of 

sympathetic nervous system stimulation due to accumulation of carbon dioxide [respiratory acidosis] and improved 

venous return during spontaneous breathing). 
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FIGURE 2-12 The substitution of nitrous oxide for a portion of isoflurane produces less decrease in blood pressure than the same 
dose of volatile anesthetic alone.  

 

 

 

 

 

 

 

 

 

 

 
 

FIGURE 2-13 The effects of increasing concentrations (MAC) of halothane, isoflurane, desflurane, and sevoflurane on heart rate 
(beats/minute) when administered to healthy volunteers. 
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FIGURE 2-14 The effects of increasing concentrations (MAC) of halothane, isoflurane, desflurane, and sevoflurane on cardiac index 
(L/min) when administered to healthy volunteers. 
 
 

 
 

 

 
 

FIGURE 4-15 The effects of increasing concentrations (MAC) of halothane, isoflurane, desflurane, and sevoflurane on systemic 
vascular resistance (dynes/second/cm5) when administered to healthy volunteers. 

 

 

 

8. Coronary blood flow. Volatile anesthetics induce coronary vasodilation. 

9. Preexisting diseases and drug therapy: 

• Volatile anesthetics decrease myocardial contractility of normal and failing cardiac muscle by similar amounts, 

but the significance is greater in diseased cardiac muscle because contractility is decreased even before 

administration of depressant anesthetics. 

• Valvular heart disease may influence the significance of anesthetic-induced circulatory effects (peripheral 

vasodilation produced by isoflurane and presumably also desflurane and sevoflurane is undesirable in patients 

with aortic stenosis but may be beneficial by providing afterload reduction in those with mitral or aortic 

regurgitation). 

• Prior drug therapy that alters sympathetic nervous system activity (antihypertensive, β-adrenergic antagonists) 

may influence the magnitude of circulatory effects produced by volatile anesthetics.   

Ventilation effects  
Inhaled anesthetics produce dose-dependent and drug-specific effects on the pattern of breathing, ventilatory response to 

carbon dioxide, ventilatory response to arterial hypoxemia, and airway resistance. The PaO2 predictably decline during 

administration of inhaled anesthetics in the absence of supplemental oxygen. 
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FIGURE 2-16 Comparison of circulatory effects of halothane during spontaneous breathing (SR) and controlled ventilation of the 
lungs (CR) after 1 hour and 5 hours of administration of halothane. 

 

 

 

1. Patterns of breathing: 

• Inhaled anesthetics, except for isoflurane, produce dose-dependent increases in the frequency of breathing 

(isoflurane increases the frequency of breathing similarly to other inhaled anesthetic up to a dose of 1 MAC 

but at a concentration of > 1 MAC does not produce a further increase in the frequency of breathing). 

• Tidal volume is decreased in association with anesthetic-induced increases in the frequency of breathing. 

• The net effect of these changes is a rapid and shallow pattern of breathing during general anesthesia. The 

increase in frequency of breathing is insufficient to offset decrease in tidal volume, leading to decreases in 

minute ventilation and increases in PaCO2.  

2. Ventilatory response to carbon dioxide. Volatile anesthetics produce dose-dependent depression of ventilation 

characterized by decreases in the ventilatory response to carbon dioxide and increases in the PaCO2 (Fig. 2-21) 

3. Surgical stimulation increases minute ventilation by about 40% because of increases in tidal volume and frequency 

of breathing. The PaCO2, however, decreases only about 10% (4 to 6 mmHg) despite the larger increase in minute 

ventilation (Fig.2-22). 

• The reason for this discrepancy is speculated to be an increased production of carbon dioxide resulting from 

activation of the sympathetic nervous system in response to painful surgical stimulation. 

4. Management of ventilatory depression: 

• The predictable ventilatory depressant effects of volatile anesthetics are most often managed by institution of 

mechanical (controlled) ventilation of the patient’s lungs (inherent ventilatory depressant effects of volatile 

anesthetics facilitate the initiation of controlled ventilation). 

• Assisted ventilation of the lungs is a questionably effective method for offsetting the ventilatory depressant 

effects of volatile anesthetics (apneic threshold [maximal PaCO2 that does not initiate spontaneous breathing] 

is only 3 to 5 mmHg lower than the PaCO2 present during spontaneous breathing). 
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FIGURE 2-17 Comparison of circulatory effects of enflurane after 1 hour (solid line) and 6 hours (broken line) of administration during 
controlled ventilation of the lungs to maintain normocapnia. CV, cardiovascular.    

 

 

 

5. Ventilatory response to hypoxemia. All inhaled anesthetics, including nitrous oxide, profoundly depress the 

ventilatory response to hypoxemia that is normally mediated by the carotid bodies.  

6. Airway resistance and irritability (Fig. 2-23). 

Hepatic effects 

1. Hepatic blood flow during administration of desflurane and sevoflurane is maintained similar to isoflurane (Fig. 2-

24). Maintenance of hepatic oxygen delivery relative to demand during exposure to anesthetics is uniquely important 

in view of the evidence that hepatocyte hypoxia is a significant mechanism in the multifactorial etiology of 

postoperative hepatic dysfunction. 

2. Drug clearance. Volatile anesthetics may interfere with clearance of drugs from the plasma as a result of decreases 

in hepatic blood flow or inhibition of drug-metabolizing enzymes. 

3. Liver function tests. Transient increases in the plasma alanine aminotransferase activity follows administration of 

enflurane, but not isoflurane administration, to human volunteers (Fig. 2-25). 

4. Hepatotoxicity. Postoperative liver dysfunction has been associated with most volatile anesthetics, with halothane 

receiving the most attention (Fig. 2-26). 
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FIGURE 2-18 Percentage of patients developing ventricular cardiac dysrhythmias (three or more premature ventricular contractions 
[PVCs]) with increasing doses of submucosal epinephrine injected during administration of 1.25 MAC of halothane, isoflurane, or 
enflurane. 
 
 
 
 
 
 
 
 

 
 

FIGURE 2-19 Responses to submucosally injected epinephrine in patients receiving desflurane (DES) or isoflurane (ISO) anesthesia. 
PVCs, premature ventricular contractions. 
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FIGURE 2-20 Responses to submucosally injected epinephrine in patients receiving sevoflurane (SEVO) or isoflurane (ISO) 
anesthesia. 
 
 
 
 
 
 

 
 

FIGURE 2-21 Inhaled anesthetics produce drug-specific and dose-dependent increases in PaCO2. 
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FIGURE 2-22 Impact of surgical stimulation on the resting PaCO2 (mmHg) during administration of isoflurane or halothane. 
 
 
 
 

 
 
 

 

 
 

FIGURE 2-23 Changes in respiratory system resistance as a percentage of the thiopental baseline recorded after tracheal intubation 
but before the addition of sevoflurane or desflurane to the inhaled gases or beginning the infusion of thiopental. Airway resistance 
responses to sevoflurane were significantly different from desflurane and thiopental.   

 
 
 

Renal effects 
Volatile anesthetics produce similar dose-related decreases in renal blood flow, glomerular filtration rate, and urine output 

(most likely reflect the effects of volatile anesthetics on systemic blood pressure and cardiac output). Preoperative hydration 

attenuates or abolishes many of the changes in renal function associated with volatile anesthetics. 

1. Fluoride-induced nephrotoxicity. All volatile anesthetics introduced since methoxyflurane undergoes significantly 

less metabolism, and their decreased solubility compared with methoxyflurane means that substantial amounts of the 

anesthetic are exhaled and thus are not available for hepatic metabolism to fluoride. 

2. Vinyl halide nephrotoxicity. Carbon dioxide absorbents containing potassium and sodium hydroxide react with 

sevoflurane (degradation product produced in greatest amounts). Compound A is a dose-dependent nephrotoxic in 

rats. The amount of compound A produced under clinical conditions has consistently been far below those 

concentrations associated with nephrotoxicity in animals. 
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FIGURE 2-24 Administration of desflurane to digs does not significantly alter hepatic perfusion. 
 

 

 

 

Skeletal muscle effects: 
1. Neuromuscular junction. Volatile anesthetics produce dose-dependent enhancement of the effects of 

neuromuscular-blocking drugs, with the effects of enflurane, isoflurane, desflurane, and sevoflurane being similar 

and greater than halothane. 

2. Malignant hyperthermia. All volatile anesthetics including desflurane and sevoflurane can trigger malignant 

hyperthermia in genetically susceptible patients even in the absence of concomitant administration of 

suxamethonium. 

Obstetric effects 
Volatile anesthetics produce similar and dose-dependent decreases in uterine smooth muscle contractility and blood (Fig. 

2-27) 

Resistance to infection 
Many normal functions of the immune system are depressed after patient exposure to the combination of anesthesia (likely 

the result of surgical trauma and the subsequent endocrine and inflammatory responses). 

Peripheral neuropathy 
Humans who chronically inhale nitrous oxide for nonmedical purposes may develop a neuropathy characterized by 

sensorimotor polyneuropathy that is often combined with signs of posterior lateral spinal cord degeneration resembling 

pernicious anemia (ability of nitrous oxide to oxidize irreversibly the cobalt atom of vitamin B12 such that activity of 

vitamin B12-dependent enzymes is decreased). 
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FIGURE 2-25 plasma alanine aminotransferase (ALT) levels do not change significantly when enflurane, desflurane, or isoflurane are 
administered to healthy volunteers. 
 

 

Metabolism of Inhaled Anesthetics 
Metabolism of inhaled anesthetics is very small but intermediary metabolites, end-metabolites, or breakdown products 

from exposure to carbon dioxide absorbents may be toxic to the kidneys, liver, or reproductive organs 

 

Metabolism of volatile anesthetics as assessed by metabolite recovery versus mass balance studies  
 

 

Anesthetic 
 

Magnitude of metabolism 
 

Metabolite recovery (%) Mass balance (%) 

Nitrous oxide 
 

0.004  

Halothane 
 

15-20 46.1 

Enflurane 
 

3 8.5 

Isoflurane 
 

0.2 0* 

Desflurane 
 

0.02  

Sevoflurane 
 

5  

 * Metabolism of isoflurane assumed to be zero for this calculation.  
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FIGURE 2-26 Hepatic damage may occur in the rat model after administration of inhaled or injected drugs when the inhaled oxygen 
concentration is 10%. Conversely, hepatic damage occurs after administration of halothane, but not enflurane or isoflurane, when 
the inhaled concentration of oxygen is 12% or 14% 
 
 
 
 
 
 
 

 
 

FIGURE 2-27 Impact of volatile anesthetics on contractility of uterine smooth muscle strips studies in vitro 

 

 
Determine of metabolism 
The magnitude of metabolism of inhaled anesthetics is determined by the chemical structure, hepatic enzyme activity, 

blood concentration of the anesthetic and genetic factors (Fig. 2-28) 
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1. Chemical structure. The ether bond and carbon-halogen bond are the sites in the anesthetic molecule most susceptible 

to oxidative metabolism. 

2. Hepatic enzyme activity. The activity of hepatic cytochrome P-450 enzymes responsible for metabolism of volatile 

anesthetics may be increased by a variety of drugs, including the anesthetics themselves. 

 

 

 

 
 

FIGURE 2-28 Fraction of halothane removed during passage through the liver at progressively decreasing alveolar concentrations. 

 

 

  

Metabolism of specific inhaled anesthetics 
1. Nitrous oxide. An estimated 0.004% of an absorbed dose of nitrous oxide undergoes reductive metabolism to nitrogen 

in the gastrointestinal tract. There is no evidence that nitrous oxide undergoes oxidative metabolism in the liver. 

2. Enflurane. An estimated 3% of absorbed enflurane undergoes oxidative metabolism by cytochrome P-450 enzymes 

to form inorganic fluoride and organic fluoride compounds. 

3. Isoflurane. An estimated 0.2% of absorbed isoflurane undergoes oxidative metabolism by cytochrome P-450 

enzymes. 

4. Desflurane. An estimated 0.02% of absorbed desflurane undergoes oxidative metabolism by cytochrome P-450 

enzyme. 

5. Carbon monoxide toxicity reflects the degradation of volatile anesthetics that contain a CHF2 moiety (desflurane, 

enflurane, and isoflurane) by the strong bases present in desiccated carbon dioxide absorbents. 

• Desflurane produces the highest carbon monoxide concentration (package insert for desflurane describes this 

risk) followed by enflurane and isoflurane. 

• Sevoflurane do not possess a vinyl group and thus carbon monoxide production on exposure to carbon dioxide 

absorbents has been considered unlikely. Nevertheless, carbon monoxide formation is a risk of sevoflurane 

administration in the presence of desiccated carbon dioxide absorbent especially when an exothermic reaction 

between the volatile anesthetic and desiccated absorbent occurs.  

6. Intraoperative detection of carbon monoxide is difficult because pulse oximetry cannot differentiate between 

carboxyhemoglobin and oxyhemoglobin. 

• Moderately decreased pulse oximetry readings despite adequate arterial partial pressure of oxygen (especially 

during the first case of the day, “Monday morning phenomena”) should suggest the possibility of carbon 

monoxide exposure and the need to measure carboxyhemoglobin. 

• Delayed neurophysiologic sequalae due to carbon monoxide poisoning (cognitive defects, personality changes, 

gait disturbances) may occur as late as 3 to 21 days after anesthesia.  

7. Sevoflurane. An estimated 5% of absorbed sevoflurane undergoes oxidative metabolism by cytochrome P-450 

enzymes to form organic and inorganic fluoride metabolites. 

• Peak plasma fluoride concentrations are higher after administration of sevoflurane than after comparable doses 

of enflurane, but the duration of exposure of renal tubules to fluoride that results from sevoflurane metabolism 

is limited because of the rapid pulmonary elimination of this poorly blood-soluble anesthetic. 

• Hepatic production of fluoride from sevoflurane may be less of a nephrotoxic risk than is intrarenal production 

of fluoride from enflurane. 
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Types of MAC 
 

1. MAC: as above. 

2. MAC awake: It is the minimal alveolar concentration allowing voluntary response to command in 50% of patients 

(e.g., open your eye). 

It is 0.3-0.4 times MAC i.e., 30-40% of MAC for isoflurane, desflurane and sevoflurane, and it is 0.7 times MAC 

for nitrous oxide. 

3. MAC95%: It is the MAC that prevents movement in about 95% of patients (an approximation of ED95%). 

4. MAC intubation: It is the MAC that allows intubation without muscle relaxant, coughing or bucking in 50% of 

patients. 

 

Achievement of satisfactory brain levels of anesthetic agents occurs in three stages: 

1. Delivery phase: 

The setting dialed up on anesthetic machine do not guarantee the same levels in the inspired gas because 

anesthetic agents are lost in several ways: 

• Dilution with existing gas in the breathing system. 

• Uptake with carbon dioxide absorbers. 

• Uptake by rubber and plastic component of the circuit. 

2. Pulmonary phase: 

The following factors influence the uptake of anesthetic agents from inhaled gas to the blood: 

• Inhaled concentration. 

• Alveolar ventilation. 

• Diffusion. 

• Blood/gas partition coefficient. 

• Partial pressure of agent in the pulmonary artery. 

• Pulmonary blood flow. 

• Ventilation/perfusion mismatch. 

• Concentration effect. 

• Second gas effect. 

3. Circulatory phase: 

The following factors influence the transport of the volatile agents dissolved to the brain: 

• Cardiac output. 

• Cerebral blood flow. 

• Distribution to other tissues. 

 

 Halothane 
 

Enflurane Isoflurane Desflurane Sevoflurane 

Blood/gas solubility 
 

2.4 1.9 1.4 0.42 0.5 

Induction & recovery 
 

Slow Moderate Moderate Fast Fast 

Boiling point (°C) 
 

50 56 48 23.5 58 

MAC % 
 

0.8 1.6 1.2 6 2 

SVP mmHg 
 

241 230 238 669 160 

MW (Dalton) 
 

197 184.5 184 168 200 

Preservative 
 

Thymol None None None None 

Metabolism Oxidative & 

reductive 

(20%) 
 

Oxidative 

 

(2%) 

Oxidative 

 

(0.2%) 

Oxidative 

 

(0.02%) 

Oxidative 

 

(3-5%) 
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OXYGEN 
Manufacture 
1. By fractional distillation of liquid air. 

2. Oxygen concentrators. 

(See basic physics related to anesthesia) 

Physical Characters 
▪ It is not flammable, but support combustion. 

▪ It is colorless, odorless, and tasteless. 

▪ Its molecular weight is 32. 

▪ Oxygen cylinder are painted black with a white shoulder (or white). They are stored at a pressure of 137 bar at 15°C. 

Indications 
Oxygen is medically indicated for both pulmonary and non-pulmonary disorders. The primary goal of oxygen therapy is 

to prevent tissue hypoxia. 

Methods of Oxygen Administration 
A- Variable performance devices (low flow): 

• These devices give variable oxygen concentration (FiO2) according to: 

- Oxygen flow rate (adjusted by flowmeters). 

- Nasopharyngeal volume (in nasal cannula). 

- Patient’s ventilatory pattern: 

➢ Amount of air/oxygen mixture delivered from the nasal cannula or the mask of the patient should 

exceed the peak inspiratory flow rate (PIFR) otherwise, rebreathing of exhaled carbon dioxide 

occurs causing low oxygen concentration. (During normal breathing, PIFR = 20-30 L/min) (PIFR 

increases by increasing tidal volume (deep breathing) or increasing respiratory rate 

‘hyperventilation’). 

➢ If there is an expiratory pause between expiration and inspiration, the mask fills with oxygen and a 

higher concentration is available at the start of inspiration. If there is no expiratory pause, the mask 

acts as a dead space causing rebreathing of exhaled carbon dioxide. So, the amount of air/oxygen 

mixture will be variable depending on the patient’s ventilatory pattern leading to variable oxygen 

concentrations. Therefore, no precise control of FiO2 occurs. 

• These devices are indicated for patients with: 

- Minute ventilation less than 8-10 L/min. 

- Respiratory rate less than 20 breath/min. 

- Tidal volume less than 0.8 liter. 

- Normal inspiratory flow (10-30 L/min). 

Examples of variable performance devices: 

(1) Nasal cannula (catheter, prongs): 

- Oxygen from the cannula fills the nasopharynx in between breaths so, during inspiration, oxygen is 

entrained from the nasopharynx into the trachea (thus mouth breathing does not affect FiO2 as long as the 

communication between nasopharynx and oropharynx is patent). 

- It gives FiO2 from 0.2 (at 1 L/min) up to maximum 0.4 (at > 5 L/min). 

In general, the degree of FiO2 can be estimated as the following: 

➢ Each 1 l/min → ↑ FiO2 by 4% + 21% 

➢ About 6 L/min → FiO2 does not increase i.e. (44%). 

N.B.: A higher flow is not well tolerated due to drying and crusting of nasal mucosa. 

(2) Nasal mask: 

Nasal mask provides supplemental oxygen equivalent to nasal cannula, but they are more comfortable to patient. 

(3) Non-reservoir (simple) face mask: 

- A 5-6 L/min oxygen flow rate is necessary to prevent rebreathing of exhaled carbon dioxide. 

- It can deliver FiO2 from 0.3 (at 5 L/min) up to 0.5-0.6. 

(4) Reservoir masks: 

- Partially non-rebreathing mask: 

This system can deliver FiO2 from 0.35 (at 7 L/min) up to 0.8-1.0 (at 15 L/min). 

- Non-rebreathing mask: 

This system can deliver FiO2 from 0.4 (at 7 L/min) up to 1.0 (at 15 L/min). 
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B- Fixed performance devices (high flow): 

• These devices give a preset (fixed) oxygen concentration (FiO2) at high flow rates by providing a sufficiency 

large reservoir of premixed gas. The delivered FiO2 is not affected by changes in patient’s ventilatory pattern. 

• Presence of holes in the mask, entrains air with oxygen by Bernoulli Effect as oxygen stream creates sub-

atmospheric pressure which increases total air/oxygen flow rate to exceed PIFR. So, FiO2 becomes not 

dependent on patient’s ventilatory pattern. Therefore, fixed oxygen concentration is produced which depends 

now only on oxygen flow rate and size of holes. 

• These devices are indicated in patients who need: 

- Consistent FiO2. 

- Large inspiratory flows of gas (> 40 L/min). 

Examples: 

(1) Anesthesia bag or bag-mask-valve system: 

- Anesthesia bags are 1-, 2-, 3-liters non-self-inflating reservoirs with a tail piece gas inlet. 

- Self-inflating resuscitation bags uses a unidirectional gas flow. 

- These devices can deliver FiO2 at 1.0.  

(2) Air-entrainment venturi mask: 

- If there is a low oxygen flow rate with wide side ports → more amount of air will be entrained → ↓ 

FiO2, and the reverse is true, if there is a high oxygen flow rate with narrow side ports → less amount 

of air will be entrained → ↑ FiO2. 

 

 
 
 

 

- FiO2 can be increased by about 2% (above atmospheric oxygen ~ 20%) for everyone L/min oxygen flow 

rate. To achieve: 
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➢ 24% → Oxygen flow rate is adjusted at 2 L/min. 

➢ 28% → Oxygen flow rate is adjusted at 4 L/min. 

➢ 35% → Oxygen flow rate is adjusted at 8 L/min. 

➢ 40% → Oxygen flow rate is adjusted at 10 L/min. 

➢ 60% → Oxygen flow rate is adjusted at 15 L/min which is enough. 

- Value: to give constant FiO2, e.g. during weaning especially in COPD patients. (These devices usually 

required when controlled oxygen therapy indicated).  

(3) Air-entrainment nebulizers: 

- They produce aerosol with fixed FiO2. 

- They use a get and an adjustable orifice to vary entrained air to get various levels of FiO2. 

- They can provide FiO2 as venturi masks. 

(4) High-flow air/oxygen systems (CPAP mask) 

Types: 

- Face CPAP mask. 

- Nasal CPAP mask. 

Basis: 

- They provide positive airway pressure (above atmospheric pressure) throughout spontaneous inspiration 

and expiration by end-expiratory pressure pop-off valve placed in close proximity to the mask. 

- They require:  

➢ Intact ventilatory drive. 

➢ Adequate alveolar ventilation. 

Because they only assist spontaneous ventilation. 

Advantages: 

- Especially face mask, they provide PEEP to spontaneously breathing patients. 

- They improve oxygenation by increasing FRC above the closing capacity. 

- They decrease inspiratory work of breathing. 

- They decrease expiratory work of breathing in patients with dynamic hyperinflation and auto-PEEP 

(COPD).  

Disadvantages: 

- Risk of aspiration. 

- Carbon dioxide retention secondary to fatigue. 

- Face CPAP mask: 

➢ Patient discomfort. 

➢ Hyper-inflation and barotrauma. 

➢ It may increase expiratory work of breathing. 

- Nasal CPAP mask: 

➢ It requires patient’s cooperation. 

➢ It does not generate high PEEP as face mask. 

➢ Loss of airway pressure during mouth breathing and unreliable seal. 

➢ Dryness of nasal mucosa. 
 

N.B.: Others: 

(1) Head tents or oxygen hood: It covers only the head and can deliver 50-80% especially in pediatrics. 

(2) T-piece connected to tracheostomy or endotracheal tube. 

(3) B.I.PAP nasal or face mask: There is a valve which sets two pressure levels. 

+ Method of administration hyperbaric oxygen. 
  

N.B.: When FiO2 is 1.0, normal PaO2 should be 500-600 mmHg. To estimate the normal PaO2 at different values 

of FiO2, we may assume that every 10% increase PaO2 about 50-60 mmHg. If the FiO2 is 0.4, the normal PaO2 

becomes 200-240 mmHg. 

Hazards (Adverse Effects) of Oxygen Therapy 
1. Respiratory effects: 

(a) Absorption atelectasis: 

• High FiO2 can cause pulmonary atelectasis in areas distal to the site of airway closure. 

• As oxygen is highly soluble in blood it replaces nitrogen in the low V/Q areas causing decreased alveolar 

volume. 

(b) Hypoventilation: 

• In patients with COPD and chronic carbon dioxide retention depending in hypoxic drive from the peripheral 

chemoreceptors (that respond to oxygen), there is loss of sensitivity of central chemoreceptors. So, high 

FiO2 causes loss of peripheral chemoreceptor drive which in turn causes ventilatory failure and carbon 

dioxide narcosis. 
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(c) Pulmonary toxicity (Lorrain-Smith Effects): 

(ARDS-like injury of the alveolar capillary membrane) 

• The injury is dependent on: 

- Partial pressure of oxygen (alveolar is more important than arterial PO2). 

- Duration of exposure. 

• Although FiO2 of 1.0 for up to 10-20 hours is considered safe at sea level, but FiO2 > 0.5 for longer periods 

(e.g. > 30 hours) can cause toxicity. 

• Mechanism: 

- Intracellular generation of oxygen derived free radicals. 

- Lipid preoxidation that produces lipid peroxides. 

Both cause oxidation of essential enzymes which leads to cell injury. 

• Pathology: Loss of synthesis of pulmonary surfactant which leads to: 

- Alveolar edema → hyaline membrane, thickening of the interlobular and alveolar septa. 

- Fibro-plastic proliferation. 

- Absorption collapse. 

• Clinical picture: Similar to adult respiratory distress syndrome (ARDS). 

(d) Irritation to nose, pharynx, and trachea: 

• It causes inhibition of muco-ciliary mechanism causing retention of secretions. 

2. Cardiovascular effects: 

Vasoconstriction of peripheral, cerebral, coronary, renal and hepatic vessels (except pulmonary vessels), if PaO2 

increases > 225 mmHg (30 kPa). 

3. Retro-lental fibroplasias: 

It correlates with PaO2 better than PAO2 (unlike pulmonary toxicity). PaO2 < 140 mmHg is considered safe.   

 

4. Hemopoiesis depression: 

High FiO2 for long time causes depression of hemopoiesis leading to anemia. 

5. Dangers of hyperbaric oxygen: 

▪ At 2 atoms of 100% oxygen: Pulmonary manifestation. 

▪ Above 2 atoms of 100 oxygen: Neurological manifestations; behavior changes, nausea, vertigo, muscle twitches 

→ convulsions.  

6. Fire hazards: Oxygen supports combustion. 
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Overview 
No other class of pharmacologic agents is more central to the practice of anesthesiology than the intravenous sedatives 

and hypnotics (anxiolysis, light and deep sedation, general anesthesia). Sedatives refers to a drug that induces a state of 

calm or sleep, whereas hypnotic refers to drug that induces hypnosis or sleep. There is significant overlap in the two 

terms and often refer to all these drugs as sedative-hypnotics. Depending on the specific agent, the dose, and the rate of 

administration, many sedative-hypnotics can be used to allay anxiety with minimal sedation, produce varying degrees of 

sedation, or rapidly induce the state of drug-induced unconsciousness (general anesthesia). 
 

Classification of Intravenous Anesthetics 
Barbiturates 
1. Thiobarbiturates: Thiopentone sodium, thiamylal. 

2. Methohexital. 

Non-barbiturates 
1. Propofol. 

2. Etomidate. 

3. Benzodiazepines (diazepam, midazolam). 

4. Ketamine. 

5. Large-dose opioids (fentanyl, alfentanil, sufentanil, remifentanil). 

6. Neuroleptic combination (opioids + neuroleptics). 

7. Steroids (eltanolone, althesin, minaxolone) not currently available. 

8. Propanidid (not currently available). 
 

Properties of the Ideal Intravenous Anesthetics 
▪ Rapid onset and rapid recovery without ‘hangover’ effect and accumulation if used in repeated doses or by infusion. 

▪ Analgesia at subanesthetic concentrations. 

▪ Minimal cardiovascular and respiratory depression. 

▪ No emetic effects. 

▪ No excitatory phenomena. 

▪ No emergence phenomena (e.g., nightmares). 

▪ No interaction with neuromuscular blocking agents. 

▪ No pain on injection. 

▪ No toxic effects on other organs. 

▪ No release of histamine. 

▪ No hypersensitivity reactions. 

▪ No stimulation of porphyria. 

▪ Safe if injected inadvertently into an artery. 

▪ Water-soluble formulation. 

None of the agents available at present meets all these requirements. 
 

γ-Aminobutyric Acid Agonists 
Propofol is chemically distinct from all other drugs that act as intravenous sedative-hypnotics. Administration of propofol, 

1.5 to 2.5 mg/kg IV (equivalent to thiopental, 4 to 5 mg/kg IV, or methohexital, 1.5 mg/kg IV) as rapid IV injection (< 15 

seconds), produces unconsciousness within about 30 seconds. Awakening is more rapid and complete than that after 

induction of anesthesia with all other drugs used for rapid IV induction of anesthesia. 

The more rapid return of consciousness with minimal residual central nervous system effects is one of the most important 

advantages of propofol compared with alternative drugs administered for the same purpose. 

Commercial preparations 
1. Propofol is an insoluble drug that requires a lipid vehicle for emulsification. Current formulations of propofol use 

soybean oil as the oil phase and egg lecithin as the emulsifying agent that is composed of long chain triglycerides. 

This formulation supports bacterial growth and causes increased plasma triglyceride concentrations when prolonged 

IV infusions are used. 

2. Diprivan and generic propofol differ with respect to the preservatives used. 

3. Mixing of propofol with any other drug is not recommended as this may result in coalescence of oil droplets which 

may pose the risk pf pulmonary embolism. 

 

INTRAVENOUS SEDATIVES & HYPNOTICS 
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4. A low-lipid emulsion of propofol (Ampofol) does not require a preservative or microbial growth retardant. 

5. An alternative to emulsion formulations of propofol and associated side effects (pain on injection, risk of infection, 

hypertriglyceridemia, pulmonary embolism) is creation of a prodrug (Aquavan). Compared with propofol, this 

prodrug has slower onset, larger volume of distribution, and higher potency. 

Mechanism of action 
Propofol is presumed to exert its sedative-hypnotic effects through a γ-aminobutyric acid-A (GABAA) receptor interaction 

(GABA is the principal inhibitory neurotransmitter in the brain). 

Pharmacokinetics 
1. Clearance of propofol from the plasma exceeds hepatic blood flow, emphasizing that tissue uptake (possibly into the 

lungs), as well as hepatic oxidative metabolism by cytochrome P450, is important in removal of this drug from 

plasma. 

2. The context-sensitive half-time of propofol is only minimally influenced by the duration of the infusion (when used 

as a sedative for prolonged intensive care unit care, the context sensitive half-time is highly relevant). 

3. Despite the rapid clearance of propofol by metabolism in patients with cirrhosis of the liver. 
 

Comparative characteristics of common induction drugs 
 

 Elimination 

half-time (h) 

Volume of 

distribution (L/kg) 

Clearance 

(ml/kg/min) 

Systemic blood 

pressure 

 

Heart rate 
 

Propofol 05 – 1.5 3.5 – 4.5 30 – 60 Decreased Decreased 
 

Etomidate 2 – 5  2.2 – 4.5 10 – 20 No change or decreased No change 
 

Ketamine 2 – 3  2.5 – 3.5 16 - 18 Increased  Increased 
  

  

Clinical uses 
1. Induction of general anesthesia. The induction dose of propofol in healthy adults is 1.5 to 2.5 mg/kg IV (elderly 

patients require a 25% to 50% lower induction dose). complete awakening without residual CNS effects is 

characteristic of propofol. 

2. Intravenous sedation: 

• The short context-sensitive half-time of propofol, combined with the short effect-site equilibration time, make 

this a readily titratable drug for production of IV sedation. Prompt recovery without residual sedation and low 

incidence of nausea and vomiting make propofol particularly well suited to ambulatory conscious sedation 

techniques. The typical conscious sedation dose of 25 to 100 μg/kg/min IV produces minimal analgesic and 

amnestic effects. In selected patients, midazolam or an opioid may be added to propofol for continuous IV 

sedation. 

• Propofol has emerged as the agent of choice for sedation for brief gastrointestinal endoscopy procedures. 

SEDASYS is a computer-assisted delivery system to provide sedation for upper endoscopy and colonoscopy.  

• Increasing metabolic acidosis, lipemic plasma, bradycardia, and progressive myocardial failure has been 

described.   

3. Maintenance of anesthesia. The typical dose of propofol for maintenance of anesthesia is 100 to 300 μg/kg/min IV, 

often in combination with a short-acting opioid. General anesthesia that includes propofol is typically associated with 

minimal postoperative nausea and vomiting, and awakening is prompt, with minimal residual sedative effects. 

Nonhypnotic therapeutic applications 
1. Antiemetic effects. The incidence of postoperative nausea and vomiting is decreased when propofol is administered, 

regardless of the anesthetic technique. When administered to induce and maintain anesthesia, it is more effective than 

ondansetron in preventing postoperative nausea and vomiting. Subhypnotic doses of propofol that are effective as an 

antiemetic do not inhibit gastric emptying and propofol is not considered a prokinetic drug. 

2. Antipruritic effects. Propofol, 10 mg IV, is effective in the treatment of pruritus associated with neuraxial opioids or 

cholestasis. 

3. Anticonvulsant activity. Propofol possesses antiepileptic properties, presumably reflecting GABA-mediated 

presynaptic and postsynaptic inhibition of chloride ion channels (doses > 1 mg/kg IV decreases seizure duration 35% 

to 45% in patients undergoes electroconvulsive therapy). 

4. Attenuation of bronchoconstriction. Propofol decreases the prevalence of wheezing after induction of anesthesia 

and tracheal intubation in healthy and asthmatic patients (Fig. 3-1). However, a formulation of propofol that uses 

metabisulfite as preservative may cause bronchoconstriction in asthmatic patients. 

Effects on organ systems 
1. Central nervous system: 

• Propofol decreases cerebral metabolic rate for oxygen (CMRO2), cerebral blood flow (CBF), and intracranial 

pressure (ICP). 
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• Cortical somatosensory evoked potentials as used for monitoring spinal cord function are not significantly 

modified in the presence of propofol alone but the addition of nitrous oxide or a volatile anesthetic result in 

decreased amplitude. 

• Development of tolerance to drug that depress the CNS is a common finding, occurring with repeated exposure 

to opioids, sedative-hypnotic drugs, ketamine, and nitrous oxide (tolerance to propofol does not develop in 

children undergoing repeated exposure to the drug during radiation therapy).  

2. Cardiovascular system: 

• Propofol produces decreases in systemic blood pressure (Fig.3-2). The relaxation of vascular smooth muscle 

produced by propofol is primarily due to inhibition of sympathetic vasoconstrictor nerve activity. 

• The blood pressure effects of propofol may be exaggerated in hypovolemic patients, elderly patients, and 

patients with compromised left ventricular function. Adequate hydration is recommended to minimize the 

blood pressure reduction. 

• Bradycardia-related death. Profound bradycardia and asystole after administration of propofol have been 

described in healthy adult patients, despite prophylactic anticholinergics (risk of bradycardia-related death 

during propofol anesthesia has been estimated to be 1.4 in 100,000). Treatment of propofol-induced 

bradycardia may require treatment with a direct β-agonist such as isoproterenol. 

 

 

 

 
 

FIGURE 3-1 Respiratory resistance after tracheal intubation is less after induction of anesthesia with propofol than after induction 
of anesthesia with thiopental or etomidate. The solid squares represent four patients in whom audible wheezing was present.  

 

 
 

3. Lungs. Propofol produces dose-dependent depression of ventilation, with apnea occurring in 25% to 35% of patients 

after induction of anesthesia with propofol. Opioids administered with the preoperative medication enhance 

ventilatory depressant. 

4. Hepatic and renal function. Propofol does not normally affect hepatic or renal function as reflected by measurements 

of liver transaminase enzymes or creatinine concentrations. 

• Prolonged infusions of propofol may also result in excretion of green urine, reflecting the presence of phenols 

in the urine (does not alter renal function). 

• Urinary uric acid excretion is increased after administration of propofol and may manifest as cloudy urine 

when the uric acid crystallizes in the urine under conditions of low pH and temperature (not considered to be 

detrimental). 

5. Intraocular pressure. Propofol is associated with significant decreases in intraocular pressure that occur immediately 

after induction of anesthesia and are sustained during tracheal intubation. 

6. Coagulation. Propofol inhibits platelet aggregation that is induced by proinflammatory lipid mediators including 

thromboxane A2 and platelet-activating factor. 

7. Allergic reactions. Patients who develop evidence of anaphylaxis on first exposure to propofol may have been 

previously sensitized to the diisopropyl radical, which is present in many dermatologic preparations. Anaphylaxis to 
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propofol during the first exposure to this drug has been observed, especially in patients with a history of other drug 

allergies, often to neuromuscular blocking drugs. 

8. Lactic acidosis (“propofol infusion syndrome”) has been described in pediatric and adult patients receiving prolonged 

high-dose infusions of propofol (> 75 μg/kg/minute) for longer than 24 hours. 

• The mechanism for sporadic propofol-induced metabolic acidosis is unclear but may reflect poisoning 

(cytopathic hypoxia) of the electron transport chain and impaired oxidation of long chain fatty acids by 

propofol or a propofol metabolite in uniquely susceptible patients (mimics the mitochondrial myopathies). 

• The differential diagnosis when propofol-induced lactic acidosis is suspected includes hyperchloremic 

metabolic acidosis associated with large volume infusions of 0.9% saline and metabolic acidosis associated 

with excessive generation of organic acids, such as lactate and ketones (diabetic acidosis, release of a 

tourniquet). Measurement of the anion gap and individual measurements of anions and organic acids will 

differentiate hyperchloremic metabolic acidosis from lactic acidosis. 

 

 

 

 
 

FIGURE 3-2 Comparative changes (expressed in % changes [mean + SD]) from control values (C) in systemic vascular resistance (SVR) 
in the 45 minutes after the administration of thiopental, 5 mg/kg IV (open circles), propofol, 2.5 mg/kg IV (solid circles). 
 

 
 

9. Proconvulsant activity. The majority of reported propofol-induced “seizures” during induction of anesthesia or 

emergence from anesthesia reflect spontaneous excitatory movements of subcortical origin (not thought to be due to 

cortical epileptic activity). There appears to be no reason to avoid propofol for sedation, induction, and maintenance 

of anesthesia in patients with known seizures. 

10. Abuse potential. Intense dreaming activity, amorous behavior, and hallucinations have been reported during recovery 

from and low-dose infusions of propofol. Addiction has been described. 

11. Bacterial growth: 

• Propofol strongly supports the growth of Escherichia coli and Pseudomonas aeruginosa. Postoperative 

surgical infections manifesting as temperature elevations have been attributed to extrinsic contamination of 

propofol. For this reason, it is recommended that: 

- An aseptic technique be used in handling propofol as reflected by disinfecting the ampoule neck surface 

or vial rubber stopper with 70% isopropyl alcohol. 

- The contents of the ampoule containing propofol should be withdrawn into a sterile syringe immediately 

after opening and administered promptly. 

- The contents of an opened ampoule must be discarded if they are not used within 6 hours.  

• Despite these concerns, there is evidence that when propofol is aseptically drawn into an uncapped syringe, it 

will remain sterile at room temperature for several days.  

12. Antioxidant properties. Propofol has potent antioxidant properties that resemble those of the endogenous antioxidant 

vitamin E (neuroprotective effect of propofol). 
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13. Pain on injection is the most commonly reported adverse event associated with propofol administration to awake 

patients. Preceding to propofol with 1% lidocaine or prior administration of a potent short-acting opioid decreases 

the incidence of discomfort experienced by the patient. 

14. Miscellaneous effects: 

• Propofol does not trigger malignant hyperthermia. 

• Secretion of cortisol is not influenced by propofol. 
 

Etomidate 
Etomidate is a carboxylated imidazole-containing compound that is chemically unrelated to any other drug used for the IV 

induction of anesthesia. 

Commercial preparation 
1. The original formulation of etomidate (high incidence of pain during IV injection) has been changed to a fat emulsion 

which has virtually abolished pain on injection and venous irritation, whereas the incidence of myoclonus remains 

unchanged. 

2. Any oral formulation of etomidate for transmucosal delivery has been shown to produce dose-dependent sedation. 

Administration through the oral mucosa results in direct systemic absorption while bypassing hepatic metabolism 

(higher blood concentrations are achieved more rapidly compared with drug that is administered by mouth). 

Mechanism of action 
The anesthetic effect of etomidate resides predominantly in the R (+) isomer, which is approximately five times as potent 

as S (–) isomer. Stereoselectivity of etomidate supports the concept that GABAA receptors are the site of action of 

etomidate. 

Pharmacokinetics 
Prompt awakening after a single dose of etomidate principally reflects the redistribution of the drug from brain to inactive 

tissue sites. Rapid metabolism is also to contribute to prompt recovery. 

Metabolism 
Etomidate is rapidly metabolized by hydrolysis of the ethyl ester side chain to its carboxylic acid ester, resulting in a water-

soluble, pharmacologically inactive compound. 

Clinical uses 
1. Etomidate may be viewed as an alternative to propofol or barbiturates for the IV induction of anesthesia, especially 

in the presence of an unstable cardiovascular system. After a standard induction dose of 0.2 to 0.4 mg/kg IV, the 

onset of unconsciousness occurs within one-arm-brain circulation time. 

2. Involuntary myoclonic movements are common during the induction period as a result of alteration in the balance of 

inhibitory and excitatory influences on the thalamocortical tract (frequency of this myoclonic-like activity can be 

attenuated by prior administration of an opioid). 

3. The principal limiting factor in the clinical use of etomidate for induction of anesthesia is the ability of this drug to 

transiently depress adrenocortical function. 

Side effects 
1. Central nervous system: 

• Etomidate is a potent direct cerebral vasoconstrictor that decreases cerebral blood flow and CMRO2 to 45% 

(previously increased ICP is lowered by etomidate)> suppression of adrenocortical function limits the clinical 

usefulness of long-term treatment of intracranial hypertension. 

• Etomidate may activate seizure foci, manifesting as fast activity on the EEG (use with caution in patients with 

focal epilepsy). This characteristic may be used to facilitate localization of seizure foci in patients undergoing 

cortical resection of epileptogenic tissue. Etomidate also possesses anticonvulsant properties and has been 

used to terminate status epilepticus. 

• Etomidate has been observed to augment the amplitude of somatosensory evoked potentials, making 

monitoring of these responses more reliable. 

2. Cardiovascular system: 

• Cardiovascular stability is characteristic of induction of anesthesia with 0.3 mg/kg IV of etomidate (minimal 

changes in heart rate, stroke volume, or cardiac output, whereas mean arterial blood pressure may decrease up 

to 15% because of decreases in systemic vascular resistance). 

• Etomidate has been proposed for induction of anesthesia in patients with little or no cardiac reserve. Etomidate 

may differ from most other IV anesthetics in that depressive effects on myocardial contractility are minimal 

at concentrations needed for the production of anesthesia. 

 

3. Ventilation. The depressant effects of etomidate on ventilation seem to be less than those of barbiturates, although 

apnea may occasionally accompany a rapid IV injection of the drug. In the majority of patients, etomidate-induced 

decreases in tidal volume are offset by compensatory increases in the frequency of breathing. 
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4. Pain on injection and venous irritation has been virtually eliminated with use of etomidate in a lipid emulsion vehicle 

rather than propylene glycol. 

5. Myoclonus: 

• Commonly administered IV anesthetics can cause excitatory effects that may manifest as spontaneous 

movements, such as myoclonus, dystonia, and tremor. These spontaneous movements, particularly myoclonus, 

occur in 50% to 80% of patients receiving etomidate in the absence of premedication. Prior administration of 

an opioid (fentanyl, 1 to 2 μg/kg IV) or a benzodiazepine may decrease the incidence of myoclonus associated 

with administration of etomidate. 

• The mechanism of etomidate-induced myoclonus appears to be disinhibition of subcortical structures that 

normally suppress extrapyramidal motor activity. 

6. Adrenocortical suppression: 

• Etomidate causes adrenocortical suppression by producing a dose-dependent inhibition of the conversion of 

cholesterol to cortisol (Fig. 3-3). The specific enzyme inhibited by etomidate appears to be 11-β-hydroxylase 

(enzyme inhibition lasts 4 to 8 hours after an induction dose of etomidate). 

• Conceivably, patients experiencing sepsis or hemorrhage and who might require an intact cortisol response 

would be at a disadvantage should etomidate be administered. 

• Conversely, suppression of adrenocortical function could be considered desirable from the standpoint of 

“stress-free” anesthesia. 

7. Allergic reactions following administration of etomidate is very low. 

 

 

 

 

 

 

 
 

FIGURE 3-3 Etomidate, but not thiopental, is associated with decreased in the plasma concentrations of cortisol. 
 
 
 

 

Non-γ-Aminobutyric Acid Sedatives and Hypnotics 
Ketamine 
Ketamine is a phencyclidine derivative that produces “dissociative anesthesia”, which is characterized by evidence on the 

EEG of dissociation between the thalamocortical and limbic systems (resembles a cataleptic state in which the eyes remain 

open with a slow nystagmic gaze, the patient is noncommunicative, although wakefulness may appear to present). Varying 
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degrees of hypertonus and purposeful skeletal muscle movements often occur independently of surgical stimulation. The 

patient is amnesic, and analgesia is intense. The frequency of emergence delirium limits the clinical usefulness of ketamine 

as a sole agent. Ketamine is a drug with significant abuse potential.  

1. Structure-activity relationships 

• The presence of an asymmetric carbon atom results in the existence of two optical isomers of ketamine. The 

racemic form of ketamine has been the most frequency used preparation although S(+)-ketamine is clinically 

available (produces more intense analgesia, more rapid metabolism and thus recovery, less salivation, and a 

lower incidence of emergence reactions than R[–]-ketamine). 

• Both isomers of ketamine appear to inhibit uptake of nerve endings (cocaine-like effect). 

2. Mechanism of action. Ketamine is known to interact with multiple CNS receptors (N-methyl-D-aspartate [NMDA], 

opioid receptors, monoaminergic receptors, muscarinic receptors) but clear association between receptor interaction 

and specific behavior has not been established. 

3. Pharmacokinetics. Peak plasma concentrations of ketamine occur within 1 minute after IV administration and within 

5 minutes after intramuscular (IM) injection. The extreme lipid solubility of ketamine ensures its rapid transfer across 

the blood-brain barrier (ketamine-induced increases in cerebral blood flow could facilitate delivery of drug). 

4. Metabolism: 

• An important pathway of metabolism is demethylation of ketamine by cytochrome P450 enzymes to form 

norketamine (this active metabolite may contribute to prolonged effects of ketamine especially with repeated 

doses or a continuous IV infusion). 

• Tolerance may occur in burn patients receiving more than two short-interval exposures to ketamine. 

Development of tolerance is also consistent with reports of ketamine dependence. 

5. Clinical uses. Ketamine is a unique drug evoking intense analgesia at subanesthetic doses and producing prompt 

induction of anesthesia when administered IV at higher doses. inclusion of an antisialagogue in the preoperative 

medication is often recommended to decrease the likelihood of coughing and laryngospasm due to ketamine-induced 

salivary secretions. 

• Analgesia. Intense analgesia can be achieved with subanesthetic doses of ketamine, 0.2 to 0.5 mg/kg IV. 

Analgesia is thought to be greater for somatic than for visceral pain. The analgesic effects of ketamine are 

likely due to its activity in the thalamic and limbic systems, which are responsible for the interpretation of 

painful signals. 

• Induction of anesthesia is produced by administration of ketamine, 1 to 2 mg/kg IV or to 4 to 8 mg/kg IM. 

Consciousness is lost in 30 to 60 seconds after IV administration and in 2 to 4 minutes after IM injection. 

Unconsciousness is associated with maintenance of normal or only slightly depressed pharyngeal and 

laryngeal reflexes. Return of consciousness usually occurs in 10 to 20 minutes after an injected induction dose 

of ketamine. Because of its rapid onset of action, ketamine has been used as an IM induction drug in children 

and difficult-to-manage mentally challenged patients regardless of age. Due to its intense analgesic activity, 

ketamine has been used extensively for burn dressing changes, debridement, and skin grafting procedures. 

Induction of anesthesia in acutely hypovolemic patients is often accomplished with ketamine, taking advantage 

of the drug’s cardiovascular-stimulating effects (may become a myocardial depressant if endogenous 

catecholamine stores are depleted and sympathetic nervous system compensatory response are impaired). 

Nystagmus associated with administration of ketamine may be undesirable in operations or examinations of 

the eye performed under anesthesia. Ketamine has been administered safely to patients with malignant 

hyperthermia. 

• Reversal of opioid tolerance. Subanesthetic doses of ketamine are effective in preventing and reversing 

morphine-induced tolerance (believed to involve interaction between NMDA receptors, the nitric oxide 

pathway, and μ-opioid receptors).    

6. Side effects. Ketamine is unique among injected anesthetics in its ability to stimulate the cardiovascular system and 

produce emergence delirium. 

• Central nervous system. Ketamine is traditionally considered to increase cerebral blood flow and CMRO2, 

although there is also evidence suggesting that this may not be a valid generalization. 

• Cardiovascular system. Ketamine produces cardiovascular effects that resemble sympathetic nervous system 

stimulation. Critically ill patients occasionally respond to ketamine with unexpected decreases in systemic 

blood pressure and cardiac output, which reflect depletion of endogenous catecholamine stores and exhaustion 

of sympathetic nervous system compensatory mechanisms, leading to an unmasking of ketamine’s direct 

myocardial depressant effects. 

• Ventilation and airway. Ketamine does not produce significant depression of ventilation. Upper airway 

reflexes remain relatively intact after administration of ketamine. Despite continued presence of upper airway 

reflexes, ketamine anesthesia does not negate the need for protection the lungs against aspiration by placement 

of a cuffed tube in the patient’s trachea. Salivary and tracheobronchial mucous gland secretions are increased 

by IM or IV administration of ketamine, leading to the frequent recommendation that an antisialagogue be 

included in the preoperative medication when use of this drug is anticipated. 
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• Bronchomotor tone. Ketamine has bronchodilatory activity and has been used in subanesthetic doses to treat 

bronchospasm in the operating room and ICU. 

• Allergic reactions. Ketamine does not evoke the release of histamine and rarely, if ever, causes allergic 

reactions.  

 

Circulatory effects of ketamine 

 Control Ketamine (2 mg/kg IV) Percent change 

Heart rate (beat/min) 74 98 +33 

Mean arterial pressure (mmHg) 93 119 +28 

Stroke volume index (ml/m2) 43 44  

Systemic vascular resistance (units) 16.2 15.9  

Right atrial pressure (mmHg) 7.0 8.9  

Left ventricular end-diastolic pressure mmHg 13.0 13.1  

Pulmonary artery pressure (mmHg) 17.0 24.5 +44 

Minute work index (kg/min/m2) 5.4 8.9 +40 

Tension-time index (mmHg/s) 2,700 4.600  +68 

 

 

7. Emergence delirium (psychedelic effects). Emergence from ketamine anesthesia in the postoperative period may be 

associated with visual, auditory, proprioceptive, and confusional illusions, which may progress to delirium. Cortical 

blindness may be transiently present. Dreams and hallucinations can occur up to 24 hours after administration of 

ketamine. 

• Incidence. The observed incidence of emergence delirium after ketamine ranges from 5% to 30% with an 

increased incidence of emergence delirium include: 

- Age older than 15 years. 

- Female gender. 

- Doses of ketamine of greater than 2 mg/kg IV. 

- A history of personality problems or frequent dreaming. 

• Prevention. Benzodiazepines have proved the most effective in prevention of this phenomenon, with 

midazolam being more effective than diazepam. A common approach is to administer the benzodiazepine IV 

about 5 minutes before induction of anesthesia with ketamine. The inclusion of atropine in the preoperative 

medication may increase the incidence of emergence delirium. Despite contrary opinions, there is no evidence 

that permitting patients to awaken from ketamine anesthesia in quiet areas alters the incidence of emergence 

delirium.  

8. Drug interactions 

• The importance of an intact and normally functioning CNS in determining the cardiovascular effects of 

ketamine is emphasized by hemodynamic depression rather than stimulation that occurs when ketamine is 

administered in the presence of inhaled anesthetics. 

• Ketamine-induced enhancement of nondepolarizing neuromuscular blocking drugs may reflect interference 

by ketamine with calcium ion binding or its transport.  

Dextromethorphan 
Dextromethorphan is a low-affinity NMDA antagonist that is a common ingredient in over-the-counter cough 

suppressants. Unlike codeine, this drug rarely produces sedation or gastrointestinal disturbances. Its euphoric effects lead 

to a significant abuse potential. 

Dexmedetomidine 
Dexmedetomidine (Precedex®) is a highly selective, specific, and potent α2-adrenergic agonist (1,620:1 α2 to α1). One of 

the highest densities of α2 receptors is present in the pontine locus ceruleus, an important source of sympathetic nervous 

system innervation of the forebrain and a vital modulator of vigilance (sedative effects evoked by dexmedetomidine most 

likely reflect inhibition of this nucleus). 

1. Clinical uses. As with clonidine, pretreatment with dexmedetomidine attenuates hemodynamic responses to tracheal 

intubation, decreases plasma catecholamine concentrations during anesthesia, decreases perioperative requirements 

for inhaled anesthetics and opioids, and increases the likelihood of hypotension. Despite marked dose-dependent 

analgesia and sedation produced by this drug, there is only mild depression of ventilation.  

Dexmedetomidine markedly increases the range of temperature not triggering thermoregulatory defenses. For this 

reason, dexmedetomidine, like clonidine, is likely to promote perioperative hypothermia and also prove to be an 

effective treatment for nonthermally induced shivering. Severe bradycardia may follow the administration of 

dexmedetomidine. 
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2. Postoperative sedation. Dexmedetomidine (0.2 to 0.7 μg/kg/hour IV) is useful for sedation of postoperative critical 

care patients in an ICU environment, particularly when mechanical ventilation via a tracheal tube is necessary. 

Scopolamine 
Scopolamine readily crosses the blood-brain barrier, where it binds muscarinic cholinergic receptors. 

 

Comparative effects of anticholinergic drugs 

 Sedation Antisialagogue Increase heart rate Relax smooth 

muscle 

Atropine + + + + + + + 

Scopolamine + + + + + + + + 

Glycopyrrolate 0 + + + + + + 

 Mydriasis, 

cycloplegia 

Prevent motion-

induced nausea 

Decreased gastric 

hydrogen ion secretion 

Alter fetal 

heart rate 

Atropine + + + 0 

Scopolamine + + + + + + + ? 

Glycopyrrolate  0 0 + 0 

0, none; +, mild; + +, moderate; + + +, marked 
 

A- Clinical uses: 

(1) Sedation: 

• Scopolamine is the only anticholinergic drug used primarily for sedation (0.3 to 0.5 mg IM or IV). 

Scopolamine also greatly enhances the sedative effects of concomitantly administered drugs, especially 

opioids and benzodiazepines (combination of IM morphine and scopolamine was once a very popular 

form of preoperative sedation). 

• Occasionally, CNS effects of anticholinergic drugs, especially scopolamine, cause symptoms ranging 

from restlessness to somnolence. These symptoms are more likely to occur in elderly patients and should 

be considered as a possible explanation for delayed awakening from anesthesia or agitation in the early 

postoperative period. Physostigmine (2 mg IV) is effective in reversing restlessness or somnolence due to 

CNS effects of tertiary amine anticholinergic drugs.  

(2) Antisialagogue effects. Scopolamine is a potent antisialagogue selected and is selected when both an 

antisialagogue effect and sedation are desired results of preoperative medication. 

B- Side effects: 

(1) Mydriasis and cycloplegia: 

• Patients with glaucoma and parturient require special considerations in using anticholinergic drugs for 

postoperative medication (mydriasis effects of scopolamine are greater than those of atropine, suggesting 

caution in the administration of scopolamine to patients with glaucoma). 

• Mydriasis produced by an anticholinergic drug is completely offset by topical placement of an 

anticholinesterase drug such as pilocarpine.   

(2) Central anticholinergic syndrome: 

• Scopolamine and, to a lesser extent, atropine can enter the CNS and produce symptoms characterized as 

the central anticholinergic syndrome (symptoms range from restlessness and hallucinations to somnolence 

and unconsciousness). 

• Physostigmine, a lipid-soluble tertiary amine anticholinesterase drug administered in doses of 15 to 60 

μg/kg IV, is a specific treatment for the central anticholinergic syndrome. treatment may need to be 

repeated every 1 to 2 hours. 

C- Overdose: 

(1) Deliberate or accidental overdose with an anticholinergic drug produces a rapid onset of symptoms characteristic 

of muscarinic cholinergic receptor blockade (mouth becomes dry, swallowing and talking is difficult, vision is 

blurred, photophobia is present, and tachycardia is prominent). The skin is fry and flushed, and a rash may appear 

especially over the face, neck, and upper chest (blush area). Even therapeutic doses of anticholinergic drugs 

sometimes may selectively dilate cutaneous vessels in the blush area. Body temperature is likely to be increased 

by anticholinergic drugs, especially when environmental temperature is also increased. 

(2) Fatal events due to an overdose of an anticholinergic drug include seizures, coma, and medullary ventilatory 

center paralysis.  
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Barbiturates 
The introduction of thiopental in 1934 revolutionized the practice of anesthesia by making it possible to induce general 

anesthesia in seconds, avoiding a slow, often unpleasant, more dangerous induction with diethyl ether. 

Today, thiopental and other barbiturates sedative-hypnotics that were imported from overseas are no longer available as 

these companies have ceased exporting barbiturates to the United States in order to protest their use as a part of the lethal 

injection “cocktail” for capital punishment. 

Thiopental Sodium 
1. Physical Properties and Dosage: 

• Its solution has pH 10.8 and pKa 7.6. (Should be freshly prepared). 

• Lipid soluble. (It crosses brain-blood barrier). 

• Stored in nitrogen (to prevent chemical reaction with atmospheric carbon dioxide) and mixed with 6% 

anhydrous sodium carbonate (to increase its water solubility). 

• Yellowish powder with a bitter taste and faint smell of garlic. 

• Vial: 500 or 1000 mg. 

• Freshly prepared solution is stable for 2 weeks, but manufactures recommended storing for 24 hours only as 

it contains no antibacterial preservations. 

• Intravenous: (2.5% solution i.e., 25 mg/ml). 

• For induction: 3-6 mg/kg. 

• For sedation: 0.5-1.0 mg/kg. 

The dose varies according to the patient’s response. So in the healthy adults initial 4 mg/kg over 15 seconds is given, 

if loss of eyelash does not occur with 30 seconds, additional doses of 50-100 mg are given slowly till loss of 

consciousness occurs (may first only 2 ml is given initially and ask the patient if any pain to avoid inadvertent intra-

arterial injections). In young children 6 mg/kg, in elderly 2.3-3.0 mg/kg.   

2. Pharmacokinetics: 

• Distribution:  

- Recovery of consciousness (duration) due to redistribution only. Metabolism is responsible for end 

drowsiness which may persist for 24-36 hours. 

- Protein binding 80%. 

- Non-ionized fraction at physiologic pH is 60%. 

- Elimination half-life is 11.5 hours. 

- More lipid soluble. 

• Metabolism: 

- In the liver by hepatic oxidation to inactive water-soluble metabolites (more slow than methohexital) 

→ prolonged drowsiness and disturbed psychomotor function up to 24-36 hours. 

- Hangover effect and accumulation if further doses are given within 24-48 hours especially in: 

➢ Elderly patients. 

➢ Obese patients as doses should be based on lean body mass as fat distribution is low, elimination 

may be delayed due to increased retention of drug by fat. 

• Excretion: 

- Mainly as inactive water-soluble metabolites in the urine. 

- Small percentage is excreted unchanged in the urine. 

3. Pharmacological Action: 

• Central nervous system CNS. Mechanism of action; It depresses the reticular formation in the brainstem by 

increasing transmission of inhibitory neurotransmitter (γ amino-butyric acid) (GABA) → unconsciousness. 

- CNS depression: ranging from mild sedation to unconsciousness.  Onset < 30 seconds after IV route 

depending on loss of eyelash reflex. Recovery occurs within 5-10 minutes. 

- Potent anticonvulsant effect. EEG changes ranges from low voltage fast activity (with the small doses) 

to high voltage slow activity and electrical suppression (with very large doses).   

- Poor analgesic effect. It has antanalgesic effect (by ↓ pain threshold) which occurs at sub-anesthetic 

blood concentrations i.e. at low doses or during recovery → restlessness in postoperative period. 

- Decreased cerebral metabolic rate: (decreased cerebral metabolic consumption up to 50%) secondary 

to vasoconstriction of cerebral vessels → ↓CBF and ICP. Cerebral perfusion pressure (CPP) is increases 

because the decreased in ICP exceeds the decreased in arterial blood pressure. (CPP = MAP – ICP). So, 

it provides brain protection from transient episodes of focal ischemia, e.g. cerebral embolism, but not 

for global ischemia e.g. cardiac arrest. 

- No postoperative nausea and vomiting. 

- No excitatory or emergence phenomenon.  

• Respiratory system: 

- Respiratory depression: 
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➢ More in premedicated patients especially with opioids (may need assisted mechanical 

ventilation). 

➢ Decreased ventilatory drive to hypercapnia and hypoxia due to decrease sensitivity of respiratory 

center. 

➢ Short period of apnea frequently preceded by few deep breaths. 

➢ Respiratory rate and tidal volume are decreased (but increased with surgical stimulation).  

- Bronchial muscle tone increased up to bronchospasm especially is asthmatic patients due to presence 

of sulfur atom. 

- Laryngeal spasm precipitated by surgical stimulation, secretions, foreign bodies (or pharyngeal 

airway or laryngeal masks) in the region of the pharynx or larynx because thiopentone depresses 

parasympathetic laryngeal reflexes to a lesser extent than other areas in CNS.  

• Cardiovascular system: 

- Arterial blood pressure. Decreased MAP due to vasomotor center depression → (↓ myocardial 

contractility, i.e. negative inotropic action and peripheral vasodilatation) especially with large doses 

and rapid injection. 

- Heart rate: Decreased but, reflex tachycardia occurs due to baroreceptor inhibition caused by 

hypotension and by loss of vagal tone. 

- Cardiac output: Is maintained because inhibition of baroreceptor reflexes → vasoconstriction of 

resistant vessels → slight increase in arterial blood pressure, and reflex tachycardia. 

N.B.: In absence of adequate baroreceptor reflex, e.g. hypovolemia, congestive heart failure, β adrenergic 

blockade, constrictive pericarditis, cardiac valve stenosis, previously uncontrolled hypertensive patients, or 

old age → profound decrease in arterial blood pressure and cardiac output.  

• Neuromuscular effect: 

- It decreases muscle tone at high blood concentrations due to inhibition of spinal cord reflexes. 

- Muscle movement is response to surgical stimulation is common. 

• Others: 

- Renal: Thiopentone decreases renal blood flow (RBF) → ↓ GFR (in proportion to ↓ arterial blood 

pressure). 

- Hepatic: Thiopentone decreases hepatic blood flow (HBF). 

It causes induction of hepatic enzymes → ↑ rate of metabolism of some drugs as digitalis, steroids, 

oral anticoagulants, oral contraceptives, and phenytoin. 

It combines with cytochrome P450 enzyme system → interference with metabolism of other drugs 

e.g., tricyclic antidepressants. 

- Eye: it decreases intraocular pressure (IOP). 

4. Adverse Effects 

• Central nervous system: 

- Drowsiness persists for 24-36 hours. 

- Excitatory phenomenon on induction and emergence phenomenon on emergence are absent. 

• Respiratory system. Bronchospasm and laryngospasm. 

• Cardiovascular system. Cardiovascular system depression, profound ↓ ABP and cardiac output. 

• During injections: 

- IV injection (2.5% solution) 

Pain and thrombophlebitis especially in small veins. 

- Perivascular injection (extravasation): 

It causes tissue necrosis, e.g. subcutaneous tissues. Median nerve damage in antecubital fossa so, if 

this occurs, the needle should be left in place and hyaluronidase should be injected. 

- Intra-arterial injections: 

Due to inadvertent injection especially in brachial artery or an aberrant ulnar artery in antecubital fossa. 

The patient complaining of: 

➢ Intense burning pain. 

➢ Forearm and hand may become blanched and blisters may appear distally.  

Mechanism: ischemia and gangrene distally due to: 

➢ Vasoconstriction. 

➢ Local release of noradrenalin. 

Formation of emboli due to: 

➢ Formation of thiopentone crystals in the arterioles. 

➢ Endarteritis → thrombosis. 

➢ Platelet aggregation due to ATP released from damaged cells. 

Treatment: 
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➢ Stop injection immediately with any intense pain. 

➢ Leave the cannula in the artery and inject vasodilator in it as papaverine 20 mg. 

 

➢ Stellate ganglion block or brachial plexus block. 

➢ IV heparin and postoperative oral anticoagulants.  

• Allergic reactions. It ranges from skin rash up to severe anaphylactic or anaphylactoid reactions. 

5. Clinical uses: 

• Induction of anesthesia. 

• Maintenance of anesthesia: It is only suitable for short procedures as accumulation occurs with repeated doses. 

 

• Basal narcosis by rectal route. 

• Treatment of status epilepticus. 

• Brain protection (↓ ICP). 

6. Contraindications 

• Absolute contraindications: 

- Airway obstruction: All IV anesthetics should not be given if there is anticipated difficulty in 

maintaining an adequate airway. 

- Previous hypersensitivity reactions. 

- Porphyria as it → induction of amino-levulinic acid synthesis → stimulates formation of porphyrins 

(an intermediary in heme synthesis) → precipitate acute attack of lower motor neuron paralysis or 

cardiovascular system collapse.  

• Relative contraindications: 

- CNS: Outpatient anesthesia due to slow recovery and drowsiness. 

- Respiratory: 

➢ Bronchial asthma. 

➢ Muscle disease, e.g. myasthenia gravis or dystrophia myotonia → exaggerated respiratory 

depression. 

- CVS: It is used cautiously (small dose and slow IV injections) in hypovolemia. 

- Renal disease as chronic renal failure. There is decreased protein binding. Excretion is not affected 

so; normal dose can be used but very slowly. 

- Severe hepatic disease: There is decreased protein binding and impaired metabolism, but this has a 

little effect on recovery so, normal dose can be used but very slowly. 

- Obstetrics: Adequate dose must be given to the mother, but excessive dose may → respiratory and 

cardiovascular depression in fetus especially if induction-delivery interval is short. 

- Patients with decreased metabolic rates (myxedema, extremes of age, adreno-cortical insufficiency) 

are should be taken during usage. 

7. Drug Interaction 

• Contrast media, sulfonamide, phenylbutazone and other drugs displace thiopentone from plasma protein 

binding sites → ↑ systemic side effects. 

• Ethanol, narcotics, antihistamines, and other CNS depressants → potentiate the sedative effect of barbiturates. 

• β adrenergic blockers → potentiate cardiovascular system depression. 

• It is an enzyme inducer. 

Methohexital Sodium 
1. Physical Properties and dosage: 

• It has pH 11.1, and pKa 7.9. 

• It is less lipid soluble (then thiopentone), and short shelf time. 

• It is stored in 6% anhydrous sodium carbonate (to increase its water solubility). 

• It is a white powder, vial 1000 or 500 mg. 

• Freshly prepared solution is stable for 6 weeks but manufactures recommend storing for 24 hours only as it 

contains no antibacterial preservatives. 

• IV: (1% solution i.e., 10 mg/ml). 

• For induction 1-1.5 mg/kg. 

• For sedation: 0.2-0.4 mg/kg. 

• ↓ dose in infant and elderly. 

2. Pharmacokinetics: 

• Distribution: 

- Recovery of consciousness due to redistribution only. Metabolism is responsible for end of drowsiness 

which may persist for hours. 



KING FAHAD MEDICAL CITY - APMA HOSSAM ELNAHAL, MD 

 

- Protein binding 80%, non-ionized fraction 75%. 

- Half-life is 4 hours. 

- Less lipid soluble (than thiopentone). 

• Metabolism: 
- In the liver by hepatic oxidation to inactive water-soluble metabolites, but it is cleared by the liver 3-4 

times more rapid than thiopentone which is responsible for its recovery from drowsiness and disturbed 

for its recovery from drowsiness and disturbed psychomotor function. 

- Accumulation is less than thiopentone. 

 

• Excretion: 

- Mainly as water soluble end metabolism in the urine. 

- Small percentage is excreted unchanged in feces. 

3. Pharmacological Action:  

• Central nervous system. Mechanism of action as thiopentone. 

- CNS depression: 

- Onset 15-20 seconds after IV, and recovery occurs within 2-3 minutes. (More rapid onset and recovery 

than thiopentone). 

- Anticonvulsant effect: EEG changes as thiopentone, but epileptic form activity may occur in epileptic 

patients. 

- Poor analgesic effect: Antanalgesic effect. 

- Decreased cerebral metabolic rate: as thiopentone. 

• Respiratory system: 

- Respiratory depression. As thiopentone. 

- Bronchial muscle. No effect. 

- Laryngeal spasm. More than thiopentone. 

• Cardiovascular system. (As thiopentone but with less hypotension). 
• Neuromuscular effect. (As thiopentone). 
• Others. (As thiopentone). 

4. Adverse Effects: 

• Central nervous system: 

- Drowsiness persists for hours. 

- Excitatory phenomenon on induction. It is dose related. It includes: 

➢ Dyskinetic movement which decreased with premedication with opioid. 

➢ Coughing and hiccups which decreased with premedication with anticholinergics. 

- Emergence phenomenon is absent. 

- Epileptic form activity in EEG in epileptic patient. 

• Respiratory depression. 

• Cardiovascular depression. 

• During injections: (1% solution). 
- Intravenous injection. More pain and thrombophlebitis especially in small veins. 

- Peri-venous injection. Rare than thiopentone. 

- Intra-arterial. Rare than thiopentone. 

• Allergic reactions: Rare. 

5. Clinical uses: 

• Induction of anesthesia when rapid recovery is needed as in: 

• Out-patient anesthesia. 

• Electroconvulsive therapy (ECT).  

• Maintenance of anesthesia: It is only suitable for short procedures. 

6. Contraindications 

• Absolute. As thiopentone. 

• Relative. (AS thiopentone) except: 

- It is suitable for outpatient anesthesia. 

- It should not be used in epileptic patients. 

 

 

Benzodiazepines 
Midazolam is the most commonly used benzodiazepine in the perioperative period. The longer context-sensitive half-time 

of lorazepam makes this drug an attractive choice to facilitate sedation of patients in critical care environment. 

Benzodiazepines are unique in the availability of a specific pharmacologic antagonist, flumazenil. 



KING FAHAD MEDICAL CITY - APMA HOSSAM ELNAHAL, MD 

 

 

Pharmacologic effects of benzodiazepine   
                                                     

Anxiolytic                                                                                                        

Sedation                                                                                                           Treat acute insomnia 
 

Anticonvulsant action 
 

Spinal cord-mediated muscle relaxation                                                       Not adequate for surgical procedures 

                                                                                                                           No influence on required dose of  

                                                                                                                                 neuromuscular blocking drugs  
 

Anterograde amnesia (acquisition or encoding                                            Amnestic potency is greater than sedative 

      of new information                                                                                           effects 

                                                                                                                            Stored information (retrograde amnesia is  

                                                                                                                                  not altered) 
 

Low tendency to produce tolerance,  

     abuse, or addition 
 

 

Mechanism of action 
Benzodiazepines appear to produce all their pharmacologic effects by facilitating the action of GABA (do not activate the 

GABAA receptors but rather enhance the affinity of the receptors for GABA) (Fig, 3-4). 

 

 

 

 

 
 

FIGURE 3-4 Model of the γ-aminobutyric acid (GABA) receptor forming a chloride channel. Benzodiazepines (benzo) attach 
selectively to α subunits and are presumed to facilitate the action of the inhibitory neurotransmitter GABA on α subunits. 
 
 
 

 

Side effects 
1. Fatigue and drowsiness are the most common side effects in patients treated chronically with benzodiazepines. 

2. Although effects on ventilation seem to be absent, it may be prudent to avoid these drugs in patients with chronic 

lung disease characterized by hypoventilation and/or decreased arterial oxygenation as they may interact with other 

medications to have adverse effects. 

3. Decreased motor coordination and impairment of cognitive function may occur, especially when benzodiazepines 

are used in combination with other CNS depressant drugs. 

 

4. Acute administration of benzodiazepines may produce transient anterograde amnesia, especially if there is 

concomitant ingestion of alcohol. 

Drug interactions 
1. Benzodiazepines exert synergistic sedative effects with other CNS depressants including alcohol, inhaled and injected 

anesthetics, opioids, and α2 agonists. 
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2. Anesthetic requirements for inhaled and injected anesthetics are decreased by benzodiazepines. 

3. Although benzodiazepines, especially midazolam, potentiate the ventilatory depressant effects of opioids, the 

analgesic action of opioids are reduced by benzodiazepines. 

Midazolam 
Midazolam has replaced diazepam for use in preoperative medication and conscious sedation. The amnestic effects of 

midazolam are more potent than its sedative its sedative effects (patients may be awake but remain amnestic for events and 

conversations such as postoperative instructions for several hours). 

1. Pharmacokinetics: 

• Midazolam undergoes rapid absorption from the gastrointestinal tract and prompt passage across the blood-

brain barrier. 

 

Comparative pharmacology of benzodiazepines 

 Equivalent 

dose (mg) 

Volume of 

distribution (L/kg) 

Protein 

binding (%) 

Clearance 

(ml/kg/min) 

Elimination 

half-time (h) 

Midazolam 0.15 – 0.3 1.0 – 1.5 96 – 98 6 – 8 1 – 4 

Diazepam 0.3 – 0.5 1.0 – 1.5 96 – 98 0.2 – 0.5 1 – 37 

Lorazepam 0.05 0.8 – 1.3 96 – 98 0.7 – 1.0 10 – 20 

 
• Despite this prompt passage into the brain, midazolam is considered to have a slow effect-site equilibration 

time (0.9 to 5.6 minutes) compared with other drugs such as propofol and thiopental. In this regard, IV doses 

of midazolam should be sufficiently spaced to permit the peak clinical effect to be appreciated before a repeat 

dose is considered. 

• The short duration of action of a single dose of midazolam is due to its lipid solubility, leading to rapid 

redistribution from the brain to inactive tissue sites as well as rapid hepatic clearance. 

2. Metabolism. Midazolam is rapidly metabolized by hepatic and small intestine cytochrome P450 (CYP3A4) enzymes 

to active and inactive metabolites (Fig. 3-5). The principal metabolite of midazolam, 1-hydroxymidazolam, has 

approximately half the activity of the parent compound. 

3. Effects on organ systems: 

• Central nervous system. Midazolam, like other benzodiazepines, produce decreases in CMRO2 and cerebral 

blood flow analogous to barbiturates and propofol. Induction of anesthesia with midazolam does not present 

increases in ICP associated with direct laryngoscopy for tracheal intubation. Paradoxical excitement occurs in 

less than 1% of all patients receiving midazolam and is effectively treated with a specific benzodiazepine 

antagonist, flumazenil. 

• Ventilation. Midazolam produces dose-dependent decreases in ventilation (patients with chronic obstructive 

pulmonary disease experience even greater midazolam-induced depression of ventilation). Transient apnea 

may occur after rapid injection of large doses pf midazolam (> 0.15 mg/kg IV), especially in the presence of 

preoperative medication that includes an opioid. 

• Cardiovascular system. Cardiac output is not altered by midazolam, suggesting that blood pressure changes 

are due to decreases in systemic vascular resistance.  

4. Clinical uses: 

• Preoperative medication. Midazolam is the most commonly used oral preoperative medication for children. 

Oral midazolam syrup (2 mg/ml) is effective for producing sedation and anxiolysis at a dose of 0.25 mg/kg 

with minimal effects on ventilation and oxygen saturation. Midazolam, 0.5 mg/kg administered orally 30 

minutes before induction of anesthesia, provides reliable sedation and anxiolysis in children without producing 

delayed awakening. 

• Intravenous sedation. Midazolam in doses of 1.0 to 2.5 mg IV (onset within 30 to 60 seconds, time peak effect 

3 to 5 minutes, duration of sedation 15 to 80 minutes) is effective for sedation during regional anesthesia as 

well as for brief therapeutic procedures. The most significant side effect of midazolam when used for sedation 

is depression of ventilation. Midazolam –induced depression of ventilation is exaggerated (synergistic effects) 

in the presence of opioids and other CNS depressant drugs. Increasing age greatly increases pharmacodynamic 

variability and is associated with generally increased sensitivity to the hypnotic effects of midazolam. 

• Induction of anesthesia. Anesthesia can be induced by administration of midazolam 0.1-0.2 mg/kg IV, over 

30 to 60 seconds. Onset of unconsciousness (synergistic interaction) is facilitated when a small dose of opioid 

(fentanyl, 50-100 μg IV or its equivalent) precedes the injection of midazolam by 1 to 3 minutes. In healthy 

patients receiving small doses of benzodiazepines, the cardiovascular depression associated with these drugs 

is minimal. When significant cardiovascular responses occur, it is most likely a reflection of benzodiazepine-

induced peripheral vasodilation. 
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FIGURE 3-5 The principal metabolite of midazolam is 1-hydroxy-midazolam. A lesser amount of midazolam is metabolized to 4-
hydroxymidazolam. 

 

 

 

• Maintenance of anesthesia. Midazolam may be administered to supplement opioids, propofol, and/or inhaled 

anesthetics during maintenance of anesthesia (anesthetic requirements for volatile anesthetics are decreased in 

a dose-dependent manner by midazolam). 

• Postoperative sedation. Long-term IV administration of midazolam (loading dose 0.5 to 4 mg IV and 

maintenance dose 1 to 7 mg per hour IV) to produce sedation in intubated patients results in relative saturation 

of peripheral tissues with midazolam and clearance from the systemic circulation becomes less dependent on 

redistribution into peripheral tissues and more dependent on hepatic metabolism. The concomitant 

administration of analgesic doses of opioids greatly decreases the needed dose of midazolam and results in a 

more rapid recovery from sedation following discontinuation of the IV infusion of midazolam. Emergence 

time from midazolam infusion is increased in elderly patients, obese patients, and in the presence of severe 

liver disease. 

• Paradoxical vocal cord motion is a cause on nonorganic upper airway obstruction and stridor that may 

manifest postoperatively (midazolam 0.5 to 1 mg IV may be an effective treatment).  

Diazepam 
Diazepam is a highly lipid-soluble benzodiazepine with a more prolonged duration of action compared with midazolam. 

Because of the beneficial aspects of midazolam pharmacology, parenteral diazepam is seldom used as part of current 

anesthetic regimens. 

 

Lorazepam 
Lorazepam is a more potent sedative and amnestic than midazolam and diazepam, whereas its effects on ventilation, the 

cardiovascular system, and skeletal muscles resemble those of other benzodiazepines. 

Oxazepam 
Oxazepam is a pharmacologically active metabolite of diazepam (duration of action is slightly shorter than that of diazepam 

because oxazepam is converted to pharmacologically inactive metabolites). 

Alprazolam 
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Alprazolam has significant anxiety-reducing effects in patients with primary anxiety and panic attacks (may be an 

alternative to midazolam for preoperative medication). 

Clonazepam 
Clonazepam is a highly lipid-soluble benzodiazepine that is well absorbed after oral administration and is particularly 

effective in the control and prevention of seizures, especially myoclonic and infantile spasms. 

Flurazepam 
Flurazepam is used exclusively to treat insomnia (30 mg orally to adults produces a hypnotic effect in 15 to 25 minutes 

and lasts 7 to 8 hours). 

Temazepam 
Temazepam is an orally active benzodiazepine administrated exclusively for the treatment of insomnia. Despite the 

relatively long elimination half-time, temazepam, as used to treat insomnia, is unlikely to be accompanied by residual 

drowsiness the following morning. 

Triazolam 
Triazolam is an orally absorbed benzodiazepine that is effective in the treatment of insomnia. Marked anterograde amnesia 

has developed when this drug has been self-administered in attempts to facilitate sleep when traveling through several time 

zones. 

Flumazenil 
Flumazenil is a specific and exclusive benzodiazepine antagonist with a high affinity for benzodiazepine receptors, where 

it exerts minimal agonist activity (prevents or reverses, in dose-dependent manner, all the agonist effects of 

benzodiazepines). 

1. Dose and administration: 

• The dose of flumazenil should be titrated individually to obtain the desired level of consciousness. The 

recommended initial dose is 0.2 mg IV (8 to 15 μg/kg IV), which typically reverses the CNS effects of 

benzodiazepines agonists within about 2 minutes. If required, further doses of 0.1 mg IV (to a total of 1 mg 

IV) may be administered at 60-second interval. 

• The duration of action of flumazenil is 30-60 minutes, and supplemental doses of the antagonist may be needed 

to maintain the desired level of consciousness. An alternative to repeated doses of flumazenil to maintain 

wakefulness is a continuous low-dose infusion of flumazenil, 0.1 to 0.4 mg per hour. 

• The administration of flumazenil to patients being treated with antiepileptic drugs for control of seizure activity 

is not recommended as it could precipitate acute withdrawal seizures. 

2. Side effects. Flumazenil-induced antagonism of excess benzodiazepine agonist effects is not followed by acute 

anxiety, hypertension, tachycardia, or neuroendocrine evidence of a stress response in postoperative patients. 
 

Short-acting Nonbenzodiazepine Benzodiazepines 
Zaleplon, zolpidem, eszopiclone have selectively for certain subunits of GABA receptors, resulting in a clinical profile for 

treatment of sleeping disorders that is more efficacious with fewer side effects than occur with conventional 

benzodiazepines. Zaleplon (10 mg orally) has a rapid elimination so there are few residual side effects after taking a single 

dose at bedtime. 
 

 
 

 

Sedation in Children and Young people (Current Recommendation) 
 

Sedation is being increasingly used in the pediatric population and to reflect the changing trend. NICE has prepared a 

guideline for the healthcare professionals who are involved with the care of children and young people who need sedation 

for diagnostic or therapeutic procedure. 
 

When should sedation be used? 
Sedation should be considered in the following situations: painful procedures, frightening situations, children with 

behavioral problems or in children and young people who are ill. 
 

Levels of Sedation (Based on American Society of Anesthesiologists (ASA) Definitions) 
▪ Minimal sedations: a drug-induced state where patients are awake but calm and respond normally to verbal 

commands. The cognitive function and coordination may be impaired but ventilatory and cardiovascular functions 

are unaffected. 

▪ Moderate sedation: drug-induced depression of consciousness during which patients are sleepy but respond 

purposefully to verbal commands (known as conscious sedation in dentistry, see below) or light tactile stimulation 

(reflex withdrawal from a painful stimulus is not a purposeful response). No interventions are required to maintain a 

patent airway. Spontaneous ventilation is adequate. Cardiovascular function is usually maintained. 
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▪ Conscious sedation: drug-induced depression of consciousness, similar to moderate sedation, except that verbal 

contact is always maintained with the patient. The term is commonly used in dentistry. 

▪ Deep sedation: drug-induced depression of consciousness during which the patients are asleep and cannot easily be 

roused but do respond purposefully to repeated or painful stimulation. The ability to maintain ventilatory function 

independently may be impaired. Patients may require assistance to maintain a patent airway. Spontaneous ventilation 

may be inadequate. 

Cardiovascular function is usually maintained. 
 

Key Priorities for Implementation (as recommended by NICE) 
▪ Trained healthcare professionals should carry out pre-sedation assessment and document these in the healthcare 

record. 

▪ Two trained healthcare professionals should be available during the procedure. 

▪ Immediate access to monitoring and resuscitation equipment should be available. 

▪ Suitability for sedation should be assessed with psychological and developmental status in mind. 

▪ Seek specialist advice if the child is a neonate, ASA > 3 or there is any concern about potential airway or breathing 

problem. 
 

Preparation for Sedation 
▪ Confirm and document the fasting status of the child. 

▪ Fasting is not necessary for minimal or moderate sedation where the child or young person in verbal contact. 

▪ The 2-4-6 rule for any sedation in which verbal contact is lost is used: 2 hours for clear fluids, 4 hours for breast feed, 

and 6 hours for solids. 

▪ Psychological preparation: give age-appropriate information to children and their parents/carers about the procedure, 

sedation, environment, and how to cope with the procedure. 
 

Choosing Sedation Technique 
Painless imaging 

▪ For children and young people who are unable to tolerate a painless procedure consider either chloral hydrate or 

midazolam which have a high margin of safety. 

▪ If not sufficient, consider propofol or sevoflurane which have a lower margin of safety. 

▪ Do not routinely use ketamine or opioids for these procedures. 

Painful procedures 

▪ Consider using a local anesthetic as well as a sedative. 

▪ For minimal or moderate sedation consider using nitrous oxide (with oxygen) and midazolam (oral or intranasal). 

▪ If the above is unsuitable, consider using ketamine, IV midazolam with/without fentanyl. 

▪ If the above are unsuitable, consider using propofol with/without fentanyl). 

Dentistry 

▪ In addition to local anesthesia, consider nitrous oxide (with oxygen) or midazolam. 

▪ If the above are not suitable or sufficient consider referral to a specialist team for alternatives. 

Endoscopy 

▪ Consider using midazolam for upper gastrointestinal endoscopy. 

▪ Consider adding fentanyl (or alternative opioid) to midazolam for lower gastrointestinal endoscopy. 
 

Monitoring during Sedation 
Continuously monitor, interpret, and respond to changes in all situations following: 

▪ Moderate or deep sedation: depth of sedation, respiration, oxygen saturation, heart rate, pain, coping, and distress. 

▪ For deep sedation additional monitoring such as 3-lead ECG, end tidal capnometry (ETCO2), and BP (monitor every 

5 minutes). 

▪ Ensure monitored data is documented in the healthcare record contemporaneously. 

▪ After the procedure, continue monitoring until the child or young person has a patent airway, shows protective airway 

and breathing reflexes, is hemodynamically stable, and is easily roused. 
 

After Sedation 
Discharge criteria 

▪ Ensure that all of the following are met before discharge: heart rate, respiratory rate, BP, and temperature are all 

returned to baseline levels. 

▪ The child or young person in awake or returned to baseline level of consciousness and there is no risk of further 

reduction in level of consciousness. 

▪ Pain, nausea, and vomiting have been adequately managed. 

▪ Consider referring to an anesthesia specialist if the child is not able to tolerate the procedure under sedation. 
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Sedation in critical care 

More recent studies have shown that lower doses and daily interruption in the delivery of sedation, along with other 

important shifts in management, result in better patient outcomes and help cut down or time spent on ventilators and on 

time spent in ICUs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


