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!"!  The introduction of thiopental into clinical practice in 1934 marked the beginning of modern 
intravenous (IV) anesthesia. Today, IV anesthetics are used for induction and maintenance of 
anesthesia and sedation in a wide variety of circumstances.

!"!  The most commonly used IV anesthetic is propofol, an alkylphenol presently formulated in a lipid 
emulsion. Propofol provides rapid onset and offset with context-sensitive decrement times of ap-
proximately 10 minutes when infused for less than 3 hours and less than 40 minutes when infused 
for up to 8 hours. Its mechanism of action is likely the enhancement of gamma-aminobutyric  
acid (GABA)-induced chloride currents. Propofol causes a dose-dependent decrease in arterial 
blood pressure predominantly through a decrease in systemic vascular resistance and causes 
moderate respiratory depression. A unique action of propofol is its antiemetic effect, even at con-
centrations less than those producing sedation. A growing body of evidence suggests propofol 
may have antitumor potential.

!"!  Barbiturates were the most commonly used IV drugs administered to induce anesthesia prior to 
the introduction of propofol. Thiopental provides rapid onset and offset when used as a single 
dose, but it accumulates rapidly with repeated or prolonged administration thus postponing 
recovery from anesthesia. Methohexital has a rapid onset and offset similar to propofol for pro-
cedures lasting less than 2 hours. The barbiturates are administered as sodium salts diluted in a 
water base at an alkaline pH. Similar to propofol, the barbiturates provide their hypnotic effects 
largely through action on the GABAA receptor. Barbiturates provide cerebral protection and 
are, apart from induction of anesthesia, used primarily for this purpose. They cause a moderate 
dose-dependent decrease in arterial blood pressure (primarily as a result of peripheral vasodila-
tion) and respiratory drive. The barbiturates are contraindicated in patients with porphyria.

!"!  The benzodiazepines are used primarily for anxiolysis and amnesia or for conscious sedation. 
The water-soluble benzodiazepine midazolam is most frequently used intravenously because 
of its rapid onset and offset compared with other benzodiazepines (e.g., diazepam). The onset 
time of midazolam is slower than that of propofol and barbiturates, and its offset, especially 
with larger doses or a prolonged infusion, is considerably longer than that of propofol or 
methohexital and may be prolonged in hepatic and renal failure. The benzodiazepines act 
through the GABA receptor. Flumazenil is a specific benzodiazepine antagonist. It can be used 
to reverse the effects of benzodiazepines but should be used with caution because its antago-
nizing effect often lasts shorter than the benzodiazepine effect that it is supposed to antago-
nize. The benzodiazepines generally produce only a mild decrease in arterial blood pressure 
and mild-to-moderate respiratory depression. Remimazolam is the most recent benzodiazepine 
with an ultrashort duration of action due to its rapid clearance through plasma esterases.

!"!  Ketamine is a phencyclidine derivative that acts primarily, but not entirely, as antagonist of the 
N-methyl-D-aspartate (NMDA) receptor. It produces a dissociative state of hypnosis and analge-
sia. It has been used for induction and maintenance of anesthesia. Ketamine is associated with 
significant adverse psychological effects from larger doses and has several other side effects. It 
is used now primarily for its analgesic properties. It has rapid onset and relatively rapid offset, 
even after an infusion of several hours. It has sympathomimetic effects that preserve cardiac 
function. Ketamine has minimal effect on respiration and tends to preserve autonomic reflexes. 
In addition, ongoing research suggests ketamine may play a role as an antidepressant.

!"!  Etomidate is an imidazole derivative used primarily for induction of anesthesia, especially in 
elderly patients and patients who are cardiovascularly compromised. It has a rapid onset of effect 
and a rapid offset even after a continuous infusion. A dose used to induce anesthesia results in in-
hibition of adrenocortical synthesis and possible mortality in intensive care unit (ICU) patients. The 
major advantage of etomidate is its minimal effect on the cardiovascular and respiratory systems.

!"!  Dexmedetomidine is the most recently released IV anesthetic. It is a highly selective #2-
adrenergic agonist that produces sedation, sympatholysis, hypnosis, and analgesia. Dexme-
detomidine is approved for ICU sedation of initially intubated and mechanically ventilated 
patients, up to 24 hours. It may be advantageous for its ability to prevent delirium. Its second 
indication is procedural sedation of nonintubated patients. With increasing frequency dexme-
detomine finds its use as a sedative during invasive or radiological procedures and as an ad-
junct in central or peripheral neural blockade. Its primary action is as an agonist on #2-receptors 
in the locus caeruleus. It has minimal effect on respiration. Heart rate and cardiac output show a 
concentration-dependent decrease.
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!"!  Droperidol, a butyrophenone and major tranquilizer, was initially used to produce a state of 
neuroleptanesthesia. Its prolongation of the QT interval has resulted in its withdrawal in several 
countries and its limitation to the treatment of postoperative nausea and vomiting (PONV) with 
a black box warning in the United States. Because the use of low-dose droperidol (<1.25 mg) 
for PONV has not been approved by the US Food and Drug Administration (FDA), the black 
box warning does not relate to this use. Clinically significant prolongation of the QT interval 
by doses used for PONV (0.625 to 1.25 mg) has been challenged by several editorials, and this 
effect has not been substantiated by review of the reported cases or other literature. Low-dose 
droperidol remains an effective antiemetic therapy and is used as such in many European coun-
tries (also see Chapter 80).

CH(CH3)2

CH(CH3)2

OH

Fig. 23.1 Structure of propofol, an alkylphenol derivative.

Intravenous (IV) anesthesia can be traced back to 1656 
with Percival Christopher Wren’s and Daniel Johann 
Major’s first experiments with the IV using a goose quill 
and bladder to inject wine and ale into a dog’s vein. In 1665 
German naturalist and physician Sigismund Elsholz made 
the first attempt at IV anesthesia in humans and investi-
gated the possibilities of IV injection with opiates. IV anes-
thesia further evolved when Fedoroff started using hedonal 
in St. Petersburg in 1905 and entered the era of modern 
anesthesia with the release of thiopental in 1936.1 Since 
these beginnings, and in particular during the past three 
decades, the pharmacokinetics and pharmacodynamics of 
IV anesthetics and their interactions have been described in 
increasingly greater detail. This body of knowledge and the 
availability of increasingly shorter-acting drugs now allow 
the anesthesia provider to administer anesthesia not on the 
basis of the needs of the population but to focus anesthesia 
on the individual needs of the patient. Today’s anesthesia 
provider is supported by modern IV drug administration 
techniques like target-controlled infusion and central ner-
vous system (CNS) monitoring devices to further optimize 
and individualize the application of IV anesthesia. This 
chapter describes the current status of the pharmacology of 
IV anesthetics and their place in modern anesthesia.

Propofol

HISTORY

Since its introduction in the 1970s, propofol has become 
the most used IV hypnotic today. Building on work on the 
sedative properties of phenol derivates in mice, propofol 
was developed in the United Kingdom by Imperial Chemi-
cal Industries as ICI 35868. The initial solution of propo-
fol, as released in 1977 in Cremophor EL,2 was withdrawn 
because of anaphylactic reactions, and replaced and refor-
mulated as an emulsion of a soya oil/propofol mixture in 
water and relaunched in 1986. Propofol is used for induc-
tion and maintenance of anesthesia and for sedation in and 
outside the operating room.!

PHYSICOCHEMICAL CHARACTERISTICS

Propofol (Fig. 23.1) is one of a group of alkylphenols that 
were explored for their hypnotic properties in animals.3-5 
The alkylphenols are highly lipid soluble and are insoluble 
in an aqueous solution.6 Numerous formulations of propo-
fol are marketed today. The formulation most used is that of 

1% propofol, 10% soybean oil, and 1.2% purified egg phos-
pholipid added as emulsifier, with 2.25% of glycerol as a 
tonicity-adjusting agent, and sodium hydroxide to change 
the pH. Following concerns regarding microbial growth in 
the emulsion, EDTA was added for its bacteriostatic activi-
ties. Propofol has a pH of 7 and appears as a slightly vis-
cous, milky white substance, a result of small lipid droplets 
in solution. In Europe, a 2% formulation and a formulation 
in which the emulsion contains a mixture of medium-chain 
and long-chain triglycerides also are available. All formu-
lations commercially available are stable at room temper-
ature, are not light sensitive, and may be diluted with 5% 
dextrose in water. Propofol concentrations may be mea-
sured both in whole blood and in the exhaled air.7-10

In December 2008 the US Food and Drug Administra-
tion (FDA) approved fospropofol disodium (Lusedra) for 
monitored anesthesia care in adult patients undergoing 
diagnostic and therapeutic procedures. Fospropofol is a 
water-soluble prodrug of propofol that is metabolized by 
alkaline phosphatases in the liver to the active metabo-
lite propofol. One millimole (mmol) of propofol is gener-
ated for each mmol of fospropofol sodium administered. 
About 1.86 mg of fospropofol sodium is the molar equiv-
alent of 1 mg propofol. In April 2010, six studies on the 
pharmacokinetics and pharmacodynamics of fospropofol 
were retracted as a result of an analytical assay inaccu-
racy that was discovered after publication of these stud-
ies.11,12 Since then, few data on the pharmacokinetics and 
pharmacodynamics of fospropofol have been published. 
Although fospropofol remains available for monitored 
anesthesia care, data now available are scarce and most 
pharmacokinetic-pharmacodynamic data that are avail-
able come from the United States as described in a recent 
review.13 In contrast to propofol, fospropofol is not asso-
ciated with pain on injection, although mild to moderate 
perineal paresthesias and pruritis minutes after a bolus 
injection of fospropofol have been reported and may be 
due to a phosphate metabolite.!
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PHARMACOKINETICS

Propofol is oxidized to 1,4-diisopropyl quinol in the liver. 
Propofol and 1,4-diisopropyl quinol are conjugated with 
glucuronic acid to propofol-1-glucuronide, quinol-1- 
glucuronide, and quinol-4-glucuronide, which then may 
be excreted by the kidneys.14,15 After a 2.5-hour anes-
thetic with propofol, patients excrete propofol and propofol 
metabolites for over 60 hours.15 Less than 1% propofol is 
excreted unchanged in urine, and only 2% is excreted in 
feces. The metabolites of propofol are thought to be inac-
tive. Because clearance of propofol (>1.5 L/min) exceeds 
hepatic blood flow, extrahepatic metabolism or extrarenal 
elimination may occur. Extrahepatic metabolism has been 
confirmed during the anhepatic phase of patients receiv-
ing a transplanted liver with the determination of propofol 
metabolites after propofol administration in the absence of 
liver tissue. The most important extrahepatic site for propo-
fol metabolism is the kidney.16,17 Renal metabolism of pro-
pofol accounts for up to 30% of propofol clearance, which 
explains the rapid clearance of propofol, which exceeds 
liver blood flow. The lungs also may play a role in the extra-
hepatic propofol metabolism.18,19 In sheep, the lungs are 
responsible for approximately 30% of the uptake and first-
pass elimination after a bolus dose. In humans, a 20% to 
30% decrease in propofol concentration measured across 
the lung exists with a higher concentration of the metabo-
lite 2,6-diisopropyl 1,4-quinol on the arterial side of the 
circulation.

Propofol is generally known for its hemodynamic depres-
sant effects and may reduce hepatic blood flow. As such, 
it may reduce the clearance of other drugs metabolized by 
the liver, in particular those with a high extraction ratio.20 
In addition, propofol is known as a CYP3A4 inhibitor.21 In 
contrast to enzyme induction that may take several days 
or weeks to develop, competitive inhibition of CYP activ-
ity may occur almost instantaneously due to the compe-
tition of two drugs (e.g., propofol and midazolam) for the 
enzyme’s active site. A short-term exposure to propofol 
at a blood concentration of 3 µg/mL already reduces the 
CYP3A4 activity by about 37%.

Fospropofol22-28,28a is a water-soluble prodrug of propo-
fol and is chemically described as phosphono-O-methyl-2, 
6-diisopropylphenol, disodium salt (C13H19O5PNa2). Fos-
propofol is metabolized by alkaline phosphatases to propo-
fol, formaldehyde, and phosphate. Formaldehyde is further 
metabolized to formate which is then eliminated, primarily 
by oxidation to carbon dioxide. Over 71% of fospropofol is 
recovered in the urine within 192 hours following a single 
400 mg IV dose. Renal elimination is <0.02% and total 
body clearance in the order of 0.28 L/h/kg. The terminal 
elimination half-life of fospropofol is 0.88 hours. The phar-
macokinetics of fospropofol and liberated propofol are not 
affected by race, sex, or mild to moderate renal impairment. 
Furthermore, fospropofol pharmacokinetics are not affected 
by age or alkaline phosphatase concentration. So far, no 
pharmacokinetic interactions have been found between 
fospropofol and fentanyl, midazolam, morphine, or with 
propofol. This is probably because fospropofol is not subject 
to cytochrome P450 enzyme mediated metabolism.13

The pharmacokinetics of propofol have been described 
by two-compartment and three-compartment models 

(Table 23.1).28b After a single bolus dose, whole blood 
propofol levels decrease rapidly as a result of redistribution 
and elimination (Fig. 23.2). The initial distribution half-
life of propofol is 2 to 8 minutes. Studies in which the dis-
position of propofol is described by a three-compartment 
model give initial and slow distribution half-lives of 1 to 8 
minutes and 30 to 70 minutes and an elimination half-life 
of 4 to 23.5 hours.29-34 The context-sensitive half-time for 
propofol (Fig. 23.3) for infusions of up to 8 hours is less 
than 40 minutes.35 Because the required decrease in con-
centration for awakening after anesthesia or sedation with 
propofol is generally less than 50%, recovery from propofol 
remains rapid even after prolonged infusion. The volume 
of distribution of the central compartment has been calcu-
lated between 6 and 40 L, and the volume of distribution 
at steady state has been calculated as 150 to 700 L. The 

TABLE 23.1 Pharmacokinetic Variables for Commonly 
Used Intravenous Anesthetics

Elimination
Elimination  
Half-Life (h)

Clearance  
(mL/kg/min) VdSS (L/kg)

Dexmedetomidine 2-3 10-30 2-3

Diazepam 20-50 0.2-0.5 0.7-1.7

Droperidol 1.7-2.2 14 2

Etomidate 2.9-5.3 18-25 2.5-4.5

Flumazenil 0.7-1.3 5-20 0.6-1.6

Ketamine 2.5-2.8 12-17 3.1

Lorazepam 11-22 0.8-1.8 0.8-1.3

Methohexital 2-6 10-15 1.5-3

Midazolam 1.7-2.6 6.4-11 1.1-1.7

Propofol 4-7 20-30 2-10

Thiopental 7-17 3-4 1.5-3

VdSS, Apparent volume of distribution at steady state.
From Reves JG, Glass P, Lubarsky DA, et al. Intravenous anesthetics. In: Miller 

RD, Eriksson LI, Fleischer LA, et al, eds. Miller’s Anesthesia, 7th ed. Philadel-
phia: Churchill Livingstone; 2010: 719–768.
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Fig. 23.2 Simulated time course of whole blood levels of propofol after 
an induction dose of 2 mg/kg. Blood levels required for anesthesia dur-
ing surgery are 2 to 5 µg/mL, with awakening usually occurring at a 
blood level less than 1.5 µg/mL.
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central compartment generally is smaller in the elderly as 
a result of the reduced cardiac output in these patients. A 
reduced cardiac output is associated with a higher peak 
plasma concentration, which is reflected by a smaller cen-
tral compartment in the pharmacokinetic analysis. The 
clearance of propofol is extremely high—1.5 to 2.2 L/min. 
As discussed earlier, this exceeds hepatic blood flow, and 
extrahepatic metabolism has been shown.

The equilibrium constant for propofol based on sup-
pression of the activity in the electroencephalogram (EEG) 
is about 0.3 min, and the half-life of equilibrium (T!ke0) 
between plasma concentration and EEG effect is 2.5 min-
utes. The time to peak effect is 90 to 100 seconds. The onset 
of EEG effect with propofol seems to be independent of age. 
The onset of decreasing arterial blood pressure is much 
slower (double the time) and increases with age.36 For EEG 
and blood pressure changes, elderly patients show a con-
centration dependent increasing sensitivity. The pharmaco-
kinetics of propofol may be altered by various factors (e.g., 
gender, weight, preexisting disease, age, and concomitant 
medication).37-39 Some studies suggest that propofol may 
exhibit nonlinear pharmacokinetics.40 Because propofol has 
a high extraction ratio, this may impair its own clearance 
by decreasing cardiac output and thus hepatic blood flow.41 
As a result, a doubling of the dose of propofol may lead to a 
drug concentration that may be more than twice that ini-
tially experienced. In contrast, an increase in cardiac output 
induced by sympaticomimetic administration may lead to a 
decrease in the propofol plasma concentration. In a hemor-
rhagic shock model propofol concentrations increased 20% 
until uncompensated shock occurred, when there was a 
rapid and marked increase in propofol concentrations.42

In term and preterm neonates, variability of propofol 
clearance was accounted for largely by postmenstrual and 
postnatal age with very fast maturation of clearance in neo-
natal life. Dosing in these neonates needs to be calculated 

with extreme care.43,44 Women have a larger volume of 
distribution and higher clearance rates, but the elimination 
half-life is similar for males and females. Elderly individuals 
have decreased clearance rates and a smaller central com-
partment volume.45 Both may be the result of a reduced 
cardiac output. Because of this and because of an increased 
sensitivity to the propofol effect in the elderly, patients aged 
80 years or older generally need 50% of the propofol dose of 
patients aged 20 years old to target the same level of seda-
tion or hypnosis.29,38,45,46 Children have a relatively larger 
central compartment volume (50%) and a more rapid clear-
ance (25%).31,47 In children older than 3 years, volumes 
and clearances should be weight adjusted (also see Chapter 
77). Children younger than 3 years of age also show weight-
proportional pharmacokinetic parameters, but with larger 
central compartment and systemic clearance values than 
in adults or older children. This finding explains the larger 
dose requirements in this age group.48,49 Hepatic disease 
seems to result in larger steady state and central compart-
ment volumes; clearance is unchanged, but the elimination 
half-life is slightly prolonged, as is time to recovery.50,51 In 
clinical practice, no significant dose adjustment is required 
in case of hepatic disease. The extrahepatic clearance of 
propofol that may compensate for a reduced hepatic func-
tion may be responsible for this.

Midazolam affects the pharmacokinetics of propofol.52 In 
the presence of a sedative midazolam concentration of 200 
ng/mL, the blood propofol concentrations become elevated 
by about 25%. Midazolam reduces propofol metabolic clear-
ance from 1.94 to 1.61 L/min, Cl2 from 2.86 to 1.52 L/
min, and Cl3 from 0.95 to 0.73 L/min. The high extraction 
ratio of propofol of 0.79 to 0.92 suggests that the metabolic 
clearance of propofol may not be affected by enzyme inhibi-
tion but may be susceptible to changes in hepatic perfusion. 
The changes in the pharmacokinetics of propofol induced 
by midazolam thus may be the result of the hemodynamic 
alterations induced by the coadministration of midazolam.

Propofol in its turn affects midazolam pharmacokinetics 
as well.20 In the presence of sedative concentrations of pro-
pofol, plasma midazolam concentrations increased by 27%. 
In the presence of propofol, midazolam is administered in 
a smaller central compartment from which midazolam is 
cleared and distributed less rapidly to peripheral tissues. For 
example, alfentanil53 has been shown to increase blood pro-
pofol concentrations through a reduction in the elimination 
and distribution clearance of propofol. This is in line with 
other pharmacokinetic interactions between hypnotics and 
opioids when combined with propofol. Propofol has been 
shown to increase alfentanil concentrations by decreasing 
the elimination and the rapid and slow distribution clear-
ances of alfentanil. Coadministration of propofol increased 
remifentanil concentrations via both a decrease in the cen-
tral volume of distribution and distributional clearance of 
remifentanil by 41% and elimination clearance by 15%. 
Propofol kinetics is unaltered by renal disease.

As previously stated, pharmacokinetic data on the dispo-
sition of fospropofol are scarce. Phase I and phase II studies 
were conducted in Europe when a detection error became 
apparent resulting in the retraction of six published man-
uscripts. Currently, no further pharmacokinetic studies 
have been initiated. The pharmacokinetics of fospropofol in 
humans remains largely unknown.
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Fig. 23.3 The context-sensitive half-times for commonly used IV anes-
thetic drugs. The context-sensitive half-time is the time for the plasma 
level of the drug to decrease 50% after cessation of infusion. The dura-
tion of infusion is plotted on the horizontal axis. The rapidity with 
which the drug level decreases is directly related to the time of infusion 
(i.e., the longer the drug is infused, the longer the half-time). Etomidate, 
propofol, and ketamine have significantly shorter half-times than thio-
pental and diazepam, which makes them more suitable for prolonged 
infusion.
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Fospropofol protein binding is extensive (98%).13 It has a 
small volume of distribution of 0.3 L/kg, a total body clear-
ance of 0.36 L/kg/h with a terminal elimination half-life of 
0.88 hours. After a bolus dose of 6 mg/kg of fospropofol, the 
parent drug peaks at 4 minutes and is rapidly metabolized 
to propofol with a peak plasma propofol concentration at 
12 minutes after administration of fospropofol. With this 
fospropofol dose the highest plasma concentration reached 
(Cmax) of fospropofol was 78.7 µg/mL and the Cmax of pro-
pofol was 1.08 µg/mL. The total body clearance of fospro-
pofol and propofol were 0.36 and 3.2 L/kg/h. The terminal 
half-lives were 0.88 and 1.13 hours, respectively.!

Pharmacodynamics

EFFECTS ON THE CENTRAL NERVOUS SYSTEM

The hypnotic action of propofol is mostly mediated by 
enhancing #-aminobutyric acid (GABA)-induced chloride 
current through its binding to the $-subunit of GABAA 
receptor. Sites on the $1-subunit, $2-subunit, and $3-
subunit of the transmembrane domains are crucial for the 
hypnotic action of propofol.54,55 The %-subunit and #2-
subunit subtypes also seem to contribute to modulating 
the effects of propofol on the GABA receptor. The effect of 
propofol has been described in two manners—indirect and 
direct. Propofol exhibits an indirect effect by potentiation of 
the ion channel activation by GABA, shifting the concen-
tration-response relationship to the left. At higher propofol 
concentrations, propofol is also thought to directly activate 
GABAA receptor channels.56-58 The exact mechanism and 
location of changes that are associated with the change 
from consciousness to the unconscious state are not yet 
fully understood. Some experts suggest that a proper func-
tioning of the brain stem-thalamo-cortical arousal circuits 
are critical while others state that consciousness is more 
related to fronto-parietal association cortex activity. Propo-
fol, through its action on GABAA receptors59 in the hippo-
campus, inhibits acetylcholine release in the hippocampus 
and prefrontal cortex. The %2-adrenoreceptor system also 
seems to play an indirect role in the sedative effects of pro-
pofol.60 Resting state fMRI studies suggest that propofol’s 
action may be related to a CNS that reduces its discrim-
inable state and switches into stereotypic patterns of firing 
under propofol sedation.61 The so called default mode net-
work (DMN), including the posterior cingulated, the medial 
frontal cortex, and bilateral parietal cortices, is the anatom-
ical substrate in which these stereotypical patterns become 
visible. Using positron emission tomography, propofol hyp-
nosis is related with reduced activity in the thalamic and 
precuneus regions. These regions likely play an important 
role in propofol-induced unconsciousness.62

Propofol results also in widespread inhibition of the 
N-methyl-d-aspartate (NMDA) subtype of glutamate 
receptor through modulation of sodium channel gat-
ing, an action that also may contribute to the drug’s CNS 
effects.63,64 Propofol has a direct depressant effect on neu-
rons of the spinal cord. In acutely dissociated spinal dorsal 
horn neurons, propofol acts on GABAA and glycine recep-
tors.65 The sense of well-being in patients with propofol is 
related to the increase in dopamine concentrations in the 

nucleus accumbens (a phenomenon noted with drugs of 
abuse and pleasure-seeking behavior).66 Propofol’s anti-
emetic action may be explained by the decrease in serotonin 
levels it produces in the area postrema, probably through its 
action on GABA receptors.67

The onset of hypnosis after a dose of 2.5 mg/kg is rapid 
(one arm–brain circulation), with a peak effect seen at 90 
to 100 seconds. The median effective dose (ED50) of pro-
pofol for loss of consciousness is 1 to 1.5 mg/kg after a 
bolus. The duration of hypnosis is dose-dependent, being 5 
to 10 minutes after 2 to 2.5 mg/kg. Age markedly affects 
the induction dose, which is largest at ages younger than 
2 years (ED95 2.88 mg/kg) and decreases with increasing 
age. This is a direct result of the altered pharmacokinetics 
in children and elderly. Children exhibit a relatively larger 
central compartment and therefore need a higher dose to 
assure a similar blood-drug concentration.68-70 In addition, 
the rapid clearance of propofol in children requires a larger 
maintenance dose as well. Increasing age decreases the pro-
pofol concentration required for loss of consciousness.

At subhypnotic doses, propofol provides sedation and 
amnesia. Propofol infusions of at least 2 mg/kg/h were 
necessary to provide amnesia in unstimulated volunteers. 
Awareness during surgery at higher infusion rates has 
been reported. During surgical procedures, extremely high 
infusion rates producing blood propofol concentrations in 
excess of 10 µg/mL may be necessary to prevent awareness 
if propofol is used as the sole anesthetic. Propofol also tends 
to produce a general state of well-being. Hallucinations, 
sexual fantasies, and opisthotonos occur after propofol 
administration.

The effect of propofol on the EEG, as assessed after 2.5 
mg/kg followed by an infusion, shows an initial increase 
in alpha rhythm followed by a shift to gamma and theta 
frequency. Rapid infusion rates produce burst suppres-
sion at blood propofol concentrations higher than 8 µg/
mL. Propofol causes a concentration-dependent decrease 
in the bispectral index (BIS), with 50% and 95% of patients 
unable to respond to a verbal command at a BIS of 63 and 
51, respectively. The propofol concentration at which 50% 
of volunteers failed to respond to verbal command was 2.35 
µg/mL. Lack of recall was observed in 95% of patients at a 
BIS value of 77.71 Propofol effect site concentrations provide 
similar correlation with decreases in the spectral entropy 
variable derived from the EEG as it does with BIS, and a 
similar ability to titrate propofol anesthetic effect. The effect 
of propofol on epileptogenic EEG activity is controversial. 
Propofol may suppress seizure activity via GABA agonism, 
inhibition of NMDA receptors, and modulation of slow cal-
cium ion channels. However, the same GABA agonism and 
glycine antagonism may also induce clinical seizures and 
EEG epileptiform changes.72 This especially may occur dur-
ing induction of and emergence from anesthesia. Propofol 
has a dose-dependent anticonvulsant. Propofol has even 
been used to treat epileptic seizures. Yet propofol can cause 
grand mal seizures and has been used for cortical mapping 
of epileptogenic foci.73

Unfortunately, propofol can be addictive. An important 
issue in the potential of abuse is the development of toler-
ance. Tolerance to a drug creates circumstances for abuse. 
Propofol is being used as a sedative in the intensive care 
unit (ICU); in 20% to 40% of patients, the propofol dosage 
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regimen needs to be repeatedly adjusted upward in order to 
maintain the same effect.74 Data on propofol abuse in the 
general public are unknown but the incidence of abuse is 
likely to be low compared to other substances. For health-
care workers, propofol is easy to access and case reports of 
lethal self-administration do occur. Some have suggested 
that there are more frequent incidences of propofol abuse 
by healthcare providers75,76 and support stricter propofol 
regulation. In contrast to propofol, fospropofol was classi-
fied in 2009 by the US Drug Enforcement Administration 
(DEA) as a controlled substance.

Propofol decreases intracranial pressure (ICP) in patients 
with either normal or increased ICP (also see Chapter 57). 
The decrease in ICP (30% to 50%) is associated with signifi-
cant decreases in cerebral perfusion pressure (CPP).77 The 
use of propofol in head-injured patients should be restricted 
to doses providing mild-to-moderate sedation (i.e., blood 
concentration of 2 µg/mL, infusion of 25 to 75 µg/kg/
min).78 Anesthetics are neuroprotective because they 
reduce the metabolic oxygen use that is beneficial for the 
balance between energy supply and demand and because 
they increase the tolerance to hypoxia by the neuronal tis-
sue. Propofol has no direct preconditioning effect but may 
attenuate glutamate-mediated excitotoxicity.79-81 Propofol 
acutely reduces intraocular pressure by 30% to 40%. Com-
pared with thiopental, propofol produces a larger decrease 
in intraocular pressure and is more effective in preventing 
an increase in intraocular pressure secondary to succi-
nylcholine and endotracheal intubation. Normal cerebral 
reactivity to carbon dioxide and autoregulation are main-
tained during a propofol infusion.

The neuroprotective effects of propofol remain contro-
versial.82 In an incomplete ischemia model in rats, propofol 
administered to burst suppression results in significantly 
better neurologic outcome and less brain tissue injury com-
pared with fentanyl. Propofol administered at sedative con-
centrations started either immediately after or at 1 hour 
after an ischemic insult significantly reduced infarct size 
compared with awake controls infused with intralipid.83,84 
Subanesthetic doses of propofol also induce neuroapoptosis 
in the infant mouse brain.85 In addition, anesthetic doses of 
propofol in rats86 induce complex changes that are accom-
panied by cell death in the cortex and thalamus of the devel-
oping rat brain. The neuronal protective effect of propofol 
may be due to the attenuation of changes in adenosine 
triphosphate, calcium, sodium, and potassium caused by 
hypoxic injury and its antioxidant action by inhibiting lipid 
peroxidation. Current evidence indicates that propofol can 
protect neurons against ischemic injury caused by excito-
toxicity, but neuroprotection may be sustained only if the 
ischemic insult is relatively mild and is not sustained after a 
prolonged recovery period. Prolonged propofol sedation in 
children is associated with adverse neurologic sequelae.87

Many anesthetic-related drugs decrease the required 
dose or blood concentrations of propofol’s pharmacologic 
action. The “required dose” is usually directly related to 
the required concentration for a given effect. The propofol 
Cp50 (blood concentration needed for 50% of subjects to 
not respond to a defined stimulus) for loss of response to 
verbal command in the absence of any other drug is 2.3 
to 3.5 µg/mL.88-90 The propofol Cp50 to prevent movement 
on skin incision is 16 µg/mL; this is markedly reduced by 

increasing concentrations (i.e., doses) of fentanyl or alfen-
tanil. The propofol Cp50 for skin incision when combined 
with benzodiazepine premedication (lorazepam, 1 to 2 mg) 
and 66% nitrous oxide is 2.5 µg/mL (venous).91 This con-
centration is reduced to 1.7 µg/mL when morphine (0.15 
mg/kg) rather than lorazepam is used for premedication. 
The concentration of propofol (when combined with 66% 
nitrous oxide) required during minor surgery is 1.5 to 4.5 
µg/mL, and the concentration for major surgery is 2.5 to 
6 µg/mL.92 Awakening usually occurs at concentrations 
less than 1.6 µg/mL and orientation occurs at concentra-
tions less than 1.2 µg/mL when the propofol concentration 
is decreasing. Not surprisingly, awakening is postponed in 
the presence of high blood concentrations of opioids. Opti-
mal propofol blood concentrations have been defined when 
combined with several opioids including remifentanil, 
alfentanil, sufentanil, and fentanyl that assure adequate 
anesthesia and the most rapid return to consciousness, 
postoperatively (Table 23.2). In the presence of remifen-
tanil, a relatively large-dose opioid anesthetic is recom-
mended. Yet, with fentanyl an accompanying large dose of 
propofol should be used to assure rapid return to recovery 
postoperatively (Fig. 23.4). When equilibration between 
blood and effect site is allowed, however, awakening con-
centrations (2.2 µg/mL) are similar to concentrations asso-
ciated with loss of verbal command.93!

EFFECTS ON THE RESPIRATORY SYSTEM

Apnea occurs after administration of an induction dose of 
propofol; the incidence and duration of apnea depend on 
dose, speed of injection, and concomitant premedication.94 
An induction dose of propofol results in a 25% to 30% inci-
dence of apnea from the respiratory depressant effects of 
propofol and yet a normal partial pressure of carbon diox-
ide in the blood (PaCO2) at induction in the absence of sur-
gical stimulation. Metabolic depression further prevents 
the PaCO2 to increase. Yet, the duration of apnea occur-
ring with propofol may be prolonged to more than 30 sec-
onds. The incidence of prolonged apnea (>30 seconds) is 
increased further by addition of an opiate, either as premed-
ication or just before induction of anesthesia.92,95 A main-
tenance infusion of propofol (100 µg/kg/min) results in a 
40% decrease in tidal volume and a 20% increase in respi-
ratory frequency, with an unpredictable change in minute 
ventilation. Doubling the infusion rate from 100 to 200 µg/
kg/min causes a further moderate decrease in tidal volume 
but no change in respiratory frequency.96 As with other 
hypnotic drugs, spontaneous ventilation is the result of the 
respiratory depressant effects of the hypnotic agents and the 
decrease in CO2 production resulting from the metabolic 
depression versus the stimulatory effects of the increasing 
PaCO2 resulting from apnea and the level of nociception. 
Propofol (50-120 µg/kg/min) also depresses the ventila-
tory response to hypoxia, presumably by a direct action on 
carotid body chemoreceptors.97 Propofol induces broncho-
dilation in patients with chronic obstructive pulmonary 
disease. Propofol attenuates vagal (at low concentrations) 
and methacholine-induced (at high concentrations) bron-
choconstriction and seems to have a direct action on mus-
carinic receptors. Propofol inhibits the receptor-coupled 
signal transduction pathway through inositol phosphate 
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TABLE 23.2 Infusion Schemes of Propofol and the Opioids Required to Maintain Effect-Site Concentrations of These Agents*

Opioid
Alfentanil EC50-EC95  
(90-130 ng/mL)

Fentanyl EC50-EC95  
(1.1-1.6 ng/mL)

Sufentanil EC50-EC95  
(0.14-0.20 ng/mL)

Remifentanil EC50-EC95  
(4.7-8.0 ng/mL)

Bolus 25-35 µg/kg in 30 sec 3 µg/kg in 30 sec 0.15-0.25 µg/kg in 30 sec 1.5-2 µg/kg in 30 sec

Infusion 1 50-75 µg/kg/h for 30 min 1.5-2.5 µg/kg/h for 30 min 0.15-0.22 µg/kg thereafter 13-22 µg/kg/h for 20 min

Infusion 2 30-42.5 µg/kg/h thereafter 1.3-2 µg/kg/h up to 150 min 11.5-19 µg/kg/h thereafter

Infusion 3 0.7-1.4 µg/kg/h thereafter

Propofol Propofol EC50-EC95  
(3.2-4.4 µg/mL)

Propofol EC50-EC95  
(3.4-5.4 µg/mL)

Propofol EC50-EC95  
(3.3-4.5 µg/mL)

Propofol EC50-EC95 (2.5-2.8 
µg/mL)

Bolus 2.0-2.8 mg/kg in 30 s 2.0-3.0 mg/kg in 30 s 2.0-2.8 mg/kg in 30 s 1.5 mg/kg in 30 s

Infusion 1 9-12 mg/kg/h for 40 min 9-15 mg/kg/h for 40 min 9-12 mg/kg/h for 40 min 7-8 mg/kg/h for 40 min

Infusion 2 7-10 mg/kg/h for 150 min 7-12 mg/kg/h for 150 min 7-10 mg/kg/h for 150 min 6-6.5 mg/kg/h for 150 min

Infusion 3 6.5-8 mg/kg/h thereafter 6.5-11 mg/kg/h thereafter 6.5-8 mg/kg/h thereafter 5-6 mg/kg/h thereafter

These optimal infusion schemes have been derived from data in female patients undergoing lower abdominal surgery. These should be used as guidelines and 
be adjusted to the individual needs of the patient.

Reproduced from Vuyk J, Mertens MJ, Olofsen E, et al. Propofol anesthesia and rational opioid selection: determination of optimal EC50-EC95 propofol-opioid 
concentrations that assure adequate anesthesia and a rapid return of consciousness. Anesthesiology. 1997;87:1549–1562, with permission from Lippin-
cott Williams and Wilkins©, 1997; and Kataria BK, Ved SA, Nicodemus HF, et al. The pharmacokinetics of propofol in children using 3 different data-analysis 
approaches. Anesthesiology. 1994;80:104–122.

*When given in combination, within +/! 15% of the effect-site concentrations that are associated with a 50% and 95% probability of no response to surgical 
stimuli and the most rapid possible return of consciousness after termination of the infusions.
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Fig. 23.4 Computer simulation of effect-site propofol and fentanyl (A) or remifentanil (B) concentrations vs. time during the first 40 min after termina-
tion of target-controlled infusions of propofol and fentanyl or remifentanil that had been maintained for 300 min at constant target blood or plasma 
concentration combinations associated with a 50% probability of no response to surgical stimuli. These concentration combinations are represented 
by the curved line on the bottom of the figure in the x–y plane. The decrease in concentrations following the intraoperative propofol-fentanyl and 
propofol-remifentanil combinations is represented by the curves running upward from the x–y plane. The curved lines in parallel to the x–y plane repre-
sent consecutive 1-min time intervals. The bold lines within the two figures represent the propofol-fentanyl-time and propofol-remifentanil-time rela-
tionships at which consciousness is regained in 50% of the patients. (Reproduced from Vuyk J, Mertens MJ, Olofsen E, et al. Propofol anesthesia and rational 
opioid selection: determination of optimal EC50-EC95 propofol-opioid concentrations that assure adequate anesthesia and a rapid return of consciousness. 
Anesthesiology. 1997;87:1549–1562, with permission from Lippincott Williams and Wilkins©, 1997.)

generation and inhibition of Ca2+ mobilization. The preser-
vative used with propofol is important regarding its bron-
chodilator activity. Propofol with metabisulfite (compared 
with propofol without metabisulfite) does not inhibit vagal 
or methacholine-induced bronchoconstriction. Propofol 
potentiates hypoxic pulmonary vasoconstriction, an effect 
caused by inhibition of K(+) (ATP)-mediated pulmonary 
vasodilatation. Propofol has an impact on the pulmonary 
pathophysiology of adult respiratory distress syndrome. 
In an animal model of septic endotoxemia, propofol (10 
mg/kg/h) significantly reduced free radical mediated and 

cyclooxygenase catalyzed lipid peroxidation. In addition, 
PaO2 and hemodynamics were maintained closer to base-
line. These benefits of propofol have not yet been confirmed 
in humans.!

EFFECTS ON THE CARDIOVASCULAR SYSTEM

The cardiovascular effects of propofol for induction 
and maintenance of anesthesia have been evaluated 
 (Table 23.3).98 The most prominent effect of propofol is 
a decrease in arterial blood pressure during induction of 
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anesthesia.98a Independent of the presence of cardiovascu-
lar disease, an induction dose of 2 to 2.5 mg/kg produces 
a 25% to 40% reduction of systolic blood pressure. Simi-
lar changes are seen in mean and diastolic blood pressure. 
The decrease in arterial blood pressure is associated with a 
decrease in cardiac output/cardiac index (±15%), stroke 
volume index (±20%), and systemic vascular resistance 
(15%-25%). Left ventricular stroke work index also is 
decreased (±30%). When looking specifically at right ven-
tricular function, propofol produces a marked reduction 
in the slope of the right ventricular end-systolic pressure-
volume relationship.

In patients with valvular heart disease, pulmonary artery 
and pulmonary capillary wedge pressure also are reduced, 
a finding that implies the resultant decrease in pressure is 
due to a decrease in preload and afterload. Although the 
decrease in systemic pressure after an induction dose of pro-
pofol is due to vasodilation, the direct myocardial depres-
sant effects of propofol are more controversial. The decrease 
in cardiac output after propofol administration may be via 
its action on sympathetic drive to the heart. The hemody-
namic response to propofol lags significantly behind that of 
the hypnotic effect. The effect-site equilibration half-life of 
propofol is in the order of 2 to 3 minutes for the hypnotic 
effect and about 7 minutes for the hemodynamic depres-
sant effect.36 This implies that hemodynamic depression 
increases in a few minutes after a patient has lost conscious-
ness from an induction of anesthesia.

High concentrations of propofol abolish the inotro-
pic effect of %- but not $-adrenoreceptor stimulation and 
enhance the lusitropic (relaxation) effect of $ stimulation. 
Clinically, the myocardial depressant effect and the vaso-
dilation are dose-dependent and plasma concentration-
dependent.99 Propofol is a vasodilator due to a reduction 
in sympathetic activity. The mechanism of this activity 
is a combination of a direct effect on intracellular smooth 
muscle calcium mobilization, inhibition of prostacyclin 
synthesis in endothelial cells, reduction in angiotensin 

II–elicited calcium entry,100,101 activation of K adenosine 
triphosphate channels, and stimulation of nitric oxide. The 
stimulation of nitric oxide may be modulated by any intra-
lipid rather than propofol itself.

Heart rate does not change significantly after an induc-
tion dose of propofol. Propofol either may reset or may 
inhibit the baroreflex, reducing the tachycardic response 
to hypotension. Propofol also decreases cardiac parasym-
pathetic tone in a dose-dependent manner. Propofol has a 
minimal direct effect on sinoatrial node function or on nor-
mal atrioventricular and accessory pathway conduction. 
Propofol attenuates the heart rate response to atropine in a 
dose-dependent manner. Propofol suppresses atrial (supra-
ventricular) tachycardias and probably should be avoided 
during electrophysiologic studies. The peak plasma con-
centrations obtained after a bolus dose are substantially 
higher than the concentrations seen with a continuous 
infusion and may reach concentrations up to 80 to 100 
µg/mL. Because the vasodilatory and myocardial depres-
sant effects are concentration-dependent, the decrease 
in arterial blood pressure from propofol during the infu-
sion phase (maintenance of anesthesia) is much less than 
that seen after induction of anesthesia by an intravenous 
bolus administration of propofol. An infusion of propofol 
reduces myocardial blood flow and oxygen consumption. 
Thus, global myocardial oxygen supply-to-demand ratio 
is likely preserved. The cardioprotective effect of propofol 
versus volatile anesthetics in patients having cardiac sur-
gery on- or off-cardiopulmonary bypass is less debatable. 
In two large studies comparing propofol with sevoflurane 
in patients undergoing cardiac surgery, postoperative tro-
ponin levels were lower and hemodynamic function bet-
ter in patients receiving sevoflurane. A study comparing 
desflurane with propofol in patients undergoing off-pump 
coronary artery bypass showed similar results. In contrast, 
administration of a large-dose of propofol (120 µg/kg/min) 
or small-dose of propofol (60 µg/kg/min) during cardiopul-
monary bypass, or titrating isoflurane throughout surgery, 

TABLE 23.3 Hemodynamic Changes % After Induction of Anesthesia With Nonbarbiturate Hypnotics

Diazepam Droperidol Etomidate* Ketamine Lorazepam Midazolam Propofol

HR !9 ± 13 Unchanged !5 ± 10 0-59 Unchanged !14 ± 12 !10 ± 10

MBP 0-19 0-10 0-17 0 ± 40 !7 to 20 !12 to 26 !10 to 40

SVR !22 ± 13 !5 to 15 !10 ± 14 0 ± 33 !10 to 35 0-20 !15 to 25

PAP 0-10 Unchanged !9 ± 8 +44 ± 47 — Unchanged 0-10

PVR 0-19 Unchanged !18 ± 6 0 ± 33 Unchanged Unchanged 0-10

PAO Unchanged +25 ± 50 Unchanged Unchanged — 0-25 Unchanged

RAP Unchanged Unchanged Unchanged +15 ± 33 Unchanged Unchanged 0-10

CI Unchanged Unchanged !20 ± 14 0 ± 42 0 ± 16 0-25 !10 to 30

SV 0-8 0-10 0-20 0-21 Unchanged 0-18 !10 to 25

LVSWI 0-36 Unchanged 0-33 0 ± 27 — !28 to 42 !10 to 20

dP/dt Unchanged — 0-18 Unchanged — 0-12 Decreased

*The larger deviations are in patients with valvular disease.
CI, Cardiac index; dP/dt, first derivative of pressure measured over time; HR, heart rate; LVSWI, left ventricular stroke work index; MBP, mean blood pressure; PAO, 

pulmonary artery occluded pressure; PAP, pulmonary artery pressure; PVR, pulmonary vascular resistance; RAP, right atrial pressure; SV, stroke volume; SVR, 
systemic vascular resistance.

From Reves JG, Glass P, Lubarsky DA, et al. Intravenous anesthetics. In: Miller RD, Eriksson LI, Fleischer LA, et al, eds. Miller’s Anesthesia, 7th ed. Philadelphia: 
Churchill Livingstone; 2010: 719–768.
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showed improved troponin levels and better hemodynamic 
function in the large-dose propofol group compared to the 
isoflurane or small-dose propofol group. This study suggests 
that cardio protection with propofol is dose-dependent.102 
Lastly, combinations of propofol with inhaled anesthetics 
may offer an optimal pre- and postconditioning strategy in 
patients scheduled for coronary bypass surgery. Isoflurane 
preconditioning combined with propofol postconditioning 
acts synergistically in attenuating postischemic myocardial 
reperfusion injury as determined by surrogate markers of 
myocardial injury and function.103 Heart rate changes are 
variable when anesthesia is maintained with propofol. The 
extent of hypotension, the ability for the patient to compen-
sate, and the use of any other concomitant drugs are likely 
the most important factors in determining what happens to 
the heart rate after propofol administration.!

OTHER EFFECTS

Propofol, similar to thiopental, does not enhance neuro-
muscular blockade produced by neuromuscular blocking 
drugs. Propofol produces no effect on the evoked electro-
myogram or twitch tension; however, good or acceptable 
tracheal intubating conditions after propofol alone have 
been reported. Propofol does not trigger malignant hyper-
thermia and is an appropriate choice in patients with this 
condition.104-106 Propofol after a single dose or a prolonged 
infusion does not affect corticosteroid synthesis or alter the 
normal response to adrenocorticotropic hormone (ACTH) 
stimulation. Propofol in the emulsion formulation does not 
alter hepatic, hematologic, or fibrinolytic function. Lipid 
emulsion per se reduces in"vitro platelet aggregation, how-
ever. Anaphylactoid reactions to the present formulation of 
propofol have been reported. In at least some patients, the 
immune response was entirely due to propofol and not to 
the lipid emulsion. Most patients developing the anaphylac-
toid response to propofol had a previous history of allergic 
responses. Perhaps propofol should not be used in patients 
with multiple drug allergies.107-109 Propofol alone in intra-
lipid does not trigger histamine release. Fospropofol is metab-
olized to propofol and formate. Formate concentrations do 
not increase after fospropofol administration. Propofol also 
possesses significant antiemetic activity with small (subhyp-
notic) doses (i.e., 10 mg in adults). The median concentra-
tion of propofol with an antiemetic effect was 343 ng/mL, 
which also causes a mild sedative effect.110 This concentra-
tion can be achieved by an initial dose of propofol infusion 
of 10 to 20 mg followed by 10 µg/kg/min. Propofol used as 
a maintenance anesthetic during breast surgery was more 
effective than 4 mg of ondansetron given as prophylaxis in 
preventing postoperative nausea and vomiting (PONV) (also 
see Chapter 80). Propofol as an infusion of 1 mg/kg/h (17 
µg/kg/min) also has provided excellent antiemetic action 
after anticancer chemotherapy. At subhypnotic doses, pro-
pofol relieves cholestatic pruritus and is likely as effective as 
naloxone in treating pruritus induced by spinal opiates.

Propofol decreases polymorphonuclear leukocyte che-
motaxis, but not adherence phagocytosis and killing. This 
action contrasts with the effect of thiopental, which inhibits 
all these chemotactic responses. However, propofol inhib-
its phagocytosis and killing of Staphylococcus aureus and 
Escherichia coli. There have been life-threatening systemic 

infections associated with the use of propofol.111 In hospitals 
where these infections occurred, opened vials and syringes of 
propofol had positive cultures. The intralipid that acts as the 
solvent for propofol is an excellent culture medium. Disodium 
edetate or metabisulfite has been added to the formulation of 
propofol in an attempt to retard such bacterial growth. Strict 
aseptic technique still must be observed. The administration 
of propofol is associated with the development of pancreati-
tis,112 which may be related to hypertriglyceridemia. Patients 
who developed hypertriglyceridemia tended to be older, had 
a longer ICU stay, and received propofol for a longer dura-
tion. If propofol is being used for prolonged sedation or at 
higher infusion rates (especially in elderly patients), serum 
triglyceride concentrations should be routinely monitored.!

Uses

INDUCTION AND MAINTENANCE  
OF ANESTHESIA

Propofol is suitable for the induction and maintenance of 
anesthesia (Box 23.1). The intravenous induction dose is 
1 to 2.5 mg/kg. Physiologic characteristics that best deter-
mine the appropriate dose to induce anesthesia are age, 
lean body mass, and central blood volume.113 Propofol may 
be titrated on the basis of the BIS value for maintenance 
of anesthesia and to assure adequacy of anesthesia and 
prevention of overdosing. Premedication with an opiate 
or a benzodiazepine, or both, markedly reduces the neces-
sary induction dose.114-116 The induction dose needs to be 
reduced in elderly patients and a dose of 1 mg/kg (with 
premedication) to 1.75 mg/kg (without premedication) 
is recommended for inducing anesthesia in patients older 
than 60. Furthermore, older and sicker (ASA class III to 
IV) patients develop more profound hypotension, especially 
when propofol islcombined with an opiate (also see Chapter 
65). To prevent hypotension in sicker patients or in patients 
presenting for cardiac surgery, intravenously administered 
fluids should be given as tolerated, and propofol titrated to 
achieve the desired anesthetic state. In general, for both 
pharmacokinetic and pharmacodynamic reasons elderly 
patients (>80 years old) require half the dose of young 
patients (<20 years)117. For induction in children, the 
ED95 (2-3 mg/kg) is increased, primarily because of phar-
macokinetic differences. Children demonstrate a smaller 

Induction of general 
anesthesia

1-2.5 mg/kg IV, dose reduced  
with increasing age

Maintenance of general 
anesthesia

50-150 µg/kg/min IV combined  
with N2O or an opiate

Sedation 25-75 µg/kg/min IV
Antiemetic action 10-20 mg IV, can repeat every 5-10  

min or start infusion of 10 µg/kg/min

BOX 23.1 Uses and Doses of Intravenous 
Propofol

IV, Intravenously; N2O, nitrous oxide.
From Reves JG, Glass P, Lubarsky DA, et al. Intravenous anesthetics. In 

Miller RD, Eriksson LI, Fleischer LA, et al, eds. Miller’s Anesthesia, 7th ed. 
Philadelphia: Churchill Livingstone; 2010: 719–768.
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central compartment, an increased metabolic clearance, 
and larger volumes of distribution of propofol relative to 
adult patients.69 Propofol, when used for induction of anes-
thesia in short-lasting procedures, results in a significantly 
quicker recovery and an earlier return of psychomotor func-
tion compared with thiopental or methohexital, regardless 
of the anesthetic used for maintenance of anesthesia.

Several infusion schemes have been used to achieve 
adequate plasma concentrations of propofol. After an 
induction dose, an infusion of 100 to 200 µg/kg/min is 
usually needed. The infusion rate is titrated to individual 
requirements and the surgical stimulus. When combined 
with propofol, the required infusion rate and concentra-
tion of opiates, midazolam, clonidine, or ketamine should 
be reduced.20,118 Because opioids alter the concentration of 
propofol required for adequate anesthesia, the time to awak-
ening and recovery can be influenced by these drug combi-
nations. Also, opioids affect both the pharmacokinetics and 
the pharmacodynamics of propofol. Alfentanil decreases 
the elimination clearance of propofol from 2.1 L/min to 1.9 
L/min, the distribution clearance from 2.7 L/min to 2.0 L/
min, and the peripheral volume of distribution from 179 L 
to 141 L. The pharmacokinetic parameters of propofol are 
affected by cardiac output, heart rate, and plasma alfent-
anil concentration.39 Similarly, midazolam reduces propo-
fol’s metabolic clearance from 1.94 to 1.61 L/min, Cl2 from 
2.86 to 1.52 L/min, and Cl3 from 0.95 to 0.73 L/min. Con-
sequently, in the presence of both midazolam and alfentanil 
propofol concentrations become elevated by 20% to 30%.53 
The infusion rate required to achieve the combination with 
the shortest recovery is propofol, 1 to 1.5 mg/kg followed by 
140 µg/kg/min for 10 minutes followed by 100 µg/kg/min, 
and alfentanil, 30 µg/kg followed by an infusion of 0.25 µg/
kg/min, or fentanyl, 3 µg/kg followed by 0.02 µg/kg/min.

As indicated previously, increasing age is associated with 
a decrease in propofol infusion requirements, whereas these 
requirements are larger in children and infants. The blood 
levels of propofol alone for loss of consciousness are 2.5 to 
4.5 µg/mL, and the blood concentrations (when combined 
with nitrous oxide) required for surgery are 2.5 to 8 µg/mL. 
Similar concentrations are necessary when propofol is com-
bined with an opioid for a total IV technique. The knowl-
edge of these levels and of the pharmacokinetics of propofol 
has enabled the use of pharmacokinetic model–driven infu-
sion systems to deliver propofol as a continuous infusion for 
the maintenance of anesthesia. A meta-analysis of recovery 
data after either propofol for maintenance or the newer vol-
atile anesthetics indicated only minor differences in times 
to reach recovery goals; however, the incidence of nausea 
and vomiting remained significantly less frequent in the 
patients given propofol for maintenance of anesthesia.

Propofol can be used as a maintenance of anesthesia infu-
sion regimen for cardiac surgery. Using reduced and titrated 
doses of propofol for induction of anesthesia and titrated infu-
sion rates of 50 to 200 µg/kg/min combined with an opioid 
for maintenance, propofol provides intraoperative hemody-
namic control and ischemic episodes similar to those with 
either enflurane/opioid or a primary opioid technique.

Blood propofol concentrations increase in the presence 
of hemorrhagic shock. Shock affects the pharmacokinet-
ics and pharmacodynamics of propofol. Shock results in 
slower intercompartmental clearances and shock shifts the 

concentration effect relationship to the left, demonstrating 
a 2.7-fold decrease in the effect-site concentration required 
to achieve 50% of the maximal effect in the BIS.119 These 
pharmacokinetic changes may be reversed with intrave-
nous fluid resuscitation. The propofol doses needed to reach 
a 50% decrease from baseline BIS, and no movement after 
noxious stimuli, are reduced by hemorrhagic shock by 54% 
and 38%, respectively. Hemorrhagic shock decreases the 
effect-site concentration that produced 50% of the maximal 
BIS effect from 11.6 ± 3.8 to 9.1 ± 1.7 µg/mL and that pro-
ducing a 50% probability of movement from 26.8 ± 1.0 to 
20.6 ± 1.0 µg/mL.120!

SEDATION

Propofol has been evaluated for sedation during surgical 
procedures and for patients receiving mechanical ventila-
tion in the ICU.120a As noted earlier, tolerance can occur 
with propofol. Increased propofol requirement occurs with 
repeated anesthetic administration in a limited time period 
in individual patients and an increased infusion require-
ment when propofol is infused for prolonged periods.74 
Infusion rates required for sedation to supplement regional 
anesthesia in healthy patients are half or less than the rates 
required for general anesthesia (i.e., 30-60 µg/kg/min). In 
elderly patients (>65 years old) and in sicker patients, the 
infusion rates that are necessary are markedly reduced up to 
50% compared to 20-year-old patients. The infusion should 
be individually titrated to the desired effect. The pharma-
cokinetic profile of propofol makes it a suitable choice for 
long-term (days) sedation. This should always be weighed, 
though, against the hemodynamic side effects, tolerance, 
and rare occurrences of hypertriglyceridemia (and poten-
tial pancreatitis) or propofol infusion syndrome. Maintain-
ing the smallest possible dose required for the desired level 
of sedation with potential “sedation holidays” should be 
considered as part of a long-term propofol sedation regimen. 
In addition, the FDA has specifically recommended against 
the use of propofol for the prolonged sedation of pediatric 
patients. The sedation guidelines of the American College 
of Critical Care Medicine also recommend “that patients 
receiving propofol for long-term sedation should be moni-
tored for unexplained metabolic acidosis or arrhythmias. 
Drugs other than propofol should be considered for patients 
with escalating vasopressor or inotrope requirements or 
cardiac failure during large-dose propofol infusions.” The 
recommended maximal dose of propofol infusion rate is 80 
µg/kg/min (<5 mg/kg/h).121 Generally, at propofol infusion 
rates more rapid than 30 µg/kg/min, patients are amnesic.!

SIDE EFFECTS AND CONTRAINDICATIONS

In December 2016 the FDA issued a warning raising con-
cerns about the potential risks to fetal brain development 
with general anesthetics, including propofol. Animal 
studies show that prolonged or repetitive propofol expo-
sure to the developing fetal brain may be related to pro-
pofol neurotoxicity. Minimizing fetal exposure to propofol 
and other general anesthetics is therefore important and 
advisable.121a,121b

Next to its hypnotic effects, accumulating evidence 
suggests that propofol may affect cancer development 
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through direct and indirect manners. Propofol exerts anti-
tumor potential partly due to regulation of the expression 
and transfer of miRNAs. In addition, propofol impacts the 
degree of immunosuppression by modulating immune cells 
and cytokines. This results in reduced cancer cell mobil-
ity in some cancers and increased apoptosis of cancer cells 
in others. The clinical impact of the cancer-modulating 
effects of propofol needs further investigation.121c Induc-
tion of anesthesia with propofol is often associated with 
pain on injection, myoclonus, apnea, hypotension, and, 
rarely, thrombophlebitis of the vein into which propofol is 
injected.122 Pain on injection is reduced by using a large 
vein, avoiding veins in the dorsum of the hand, and adding 
lidocaine to the propofol solution or changing the propofol 
formulation. Multiple other drugs and distraction tech-
niques have been investigated to reduce the pain on injec-
tion of propofol. Pretreatment with a small dose of propofol, 
opiates, nonsteroidal anti-inflammatory drugs, ketamine, 
esmolol/metoprolol, magnesium, a flash of light, clonidine/
ephedrine combination, dexamethasone, and metoclo-
pramide all have been tested with variable efficacy.

Propofol infusion syndrome is a rare but lethal syndrome 
associated with infusion of propofol at 4 mg/kg/h or more 
for 48 hours or longer.123 Yet, cases have been reported 
with smaller dosage schemes given for only 3 hours.124 It 
was first described in children, but subsequently has been 
observed in critically ill adults.125,126 The clinical features 
of propofol infusion syndrome are acute refractory brady-
cardia leading to asystole, in the presence of one or more of 
the following: metabolic acidosis (base deficit >10 mmol/
L#1), rhabdomyolysis, hyperlipidemia, and enlarged or fatty 
liver. Other features include cardiomyopathy with acute 
cardiac failure, skeletal myopathy, hyperkalemia, hepato-
megaly, and lipemia. The symptoms and signs are the result 
of muscle injury and of the release of intracellular toxic con-
tents. The major risk factors for its development are poor 
oxygen delivery, sepsis, serious cerebral injury, and large 
propofol dosage. Predisposing factors for the propofol infu-
sion syndrome are likely genetic disorders impairing fatty 
acid metabolism, such as medium-chain acyl CoA (MCAD) 
deficiency and low carbohydrate supply. Because lipemia 
has been noted, a failure of hepatic lipid regulation, possi-
bly related to poor oxygenation or a lack of glucose, may be 
the cause. In some cases, an increasing lipemia was the first 
indication of impending propofol infusion syndrome onset, 
so lipemia is a sign.!

Barbiturates

HISTORY

Barbiturates were discovered in the early twentieth cen-
tury. The first barbiturate to cause loss of consciousness 
within one arm-brain circulation time was hexobarbital. 
After the clinical introduction of thiopental by Waters and 
Lundy in 1934, thiopental became preferred clinically 
because of its rapid onset of action and short duration, 
without the excitatory effects of hexobarbital.127 Although 
criticized after many casualties during the attack on Pearl 
Harbor as “the cause of more fatal casualties among the 
servicemen at Pearl Harbor than were the enemy bombs,” 

the barbiturates continued to be widely used in clinical 
practice.128 Many other barbiturate derivatives have been 
synthesized throughout the past decades, yet none have 
enjoyed the clinical success and popularity of thiopental.!

Physicochemical Characteristics

CHEMISTRY AND FORMULATION

Barbiturates are hypnotically active drugs that are deriva-
tives of barbituric acid (2,4,6-trioxohexahydropyrimidine), 
a hypnotically inactive pyrimidine nucleus that is formed by 
the condensation of malonic acid and urea (Fig. 23.5). The 
two major classes of barbiturates are the oxybarbiturates 
and thiobarbiturates with either an oxygen at position 2 or 
with a sulfur in position 2, respectively. Through keto-enol 
tautomerization, the oxygen or sulfur in position 2 becomes 
a reactive species in the enol form. This allows for the forma-
tion of water-soluble barbiturate salts in alkaline solutions 
and permits the IV use of barbiturates. Although tautomer-
ization to the enol form allows for the creation of salts, the 
substitution of the hydrogen attached to the carbon atom 
in position 5 with aryl or alkyl groups gives the barbiturates 
their hypnotic activity. Only thiopental and thiamylal, thio-
barbiturates, and methohexital, an oxybarbiturate, have 
been used for induction of anesthesia (Fig. 23.6). The for-
mulation of barbiturates involves preparation as sodium 
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salts (mixed with 6% by weight anhydrous sodium carbon-
ate) and then reconstitution with either water, glucose 5%, 
or normal saline to produce a 2.5% solution of thiopental, 
a 2% solution of thiamylal, or a 1% solution of methohexi-
tal. The thiobarbiturates are stable for 1 week if refrigerated 
after reconstitution, and methohexital remains available 
for use for 6 weeks after reconstitution. Barbiturates can-
not be reconstituted with lactated Ringer solution or mixed 
with other acidic solutions, as a decrease in the alkalinity of 
the solution can result in precipitation of the barbiturates 
as free acids. Examples of drugs that are not to be coad-
ministered or mixed in solution with the barbiturates are 
atracurium, vecuronium, rocuronium, suxamethonium, 
alfentanil, sufentanil, dobutamine, dopamine, esketamine, 
and midazolam. Mixing of thiopental with vecuronium or 
pancuronium results in the formation of precipitate that 
may occlude the IV line during a rapid sequence induction 
of anesthesia.129

Structure-Activity Relationships
As noted earlier, substitutions at the 5, 2, and 1 positions 
confer different pharmacologic activities to the barbiturate 
nucleus. Substitutions at position 5 with either aryl or alkyl 
groups produce hypnotic and sedative effects, whereas 
substitution at C5 with a phenyl group produces anticon-
vulsant activity. An increase in length of one or both side 
chains of an alkyl group at C5 increases hypnotic potency. 
Barbiturates used in clinical practice have either an oxy-
gen or sulfur at C2. Substitution of a sulfur at position 2 
produces a more rapid onset of action, as with thiopental. 
The addition of a methyl or ethyl group at position 1 also 
may produce a more rapid onset of action, as with metho-
hexital. However, excitatory side effects, including tremor, 
hypertonus, and involuntary movement, may occur upon 
administration.!

Pharmacokinetics

METABOLISM

The barbiturates (with the exception of phenobarbital) are 
metabolized hepatically. The metabolites are almost all 
inactive, water-soluble, and excreted in the urine. Barbitu-
rates are biotransformed by four processes: (1) oxidation of 
the aryl, alkyl, or phenyl moiety at C5; (2) N-dealkylation; 
(3) desulfuration of the thiobarbiturates at C2; and (4) 
destruction of the barbituric acid ring.130 Oxidation is the 
most important pathway, producing polar (charged) alco-
hols, ketones, phenols, or carboxylic acids. These metabo-
lites are readily excreted in the urine or as glucuronic acid 
conjugates in the bile. Hydrolytic cleavage of the barbitu-
ratic acid ring forms a minimal contribution to the total 
metabolism of barbiturates, since the ring is stable in"vivo. 
Drugs that induce oxidative microsomes or long-term 
administration enhance the metabolism of barbiturates. 
The hepatic enzyme induction by barbiturates is the rea-
son that they are not recommended for administration to 
patients with acute intermittent porphyria. Barbiturates 
may precipitate an attack by stimulating #-aminolevulinic 
acid synthetase, the enzyme responsible for the production 
of porphyrins.131

As mentioned earlier, hepatic metabolism accounts for 
the elimination of all of the barbiturates with the excep-
tion of phenobarbital. Renal excretion accounts for 60% 
to 90% of phenobarbital excretion in an unchanged form. 
The alkalinization of urine with bicarbonate enhances 
the renal excretion of phenobarbital. Other barbiturates 
are excreted unchanged by the kidney only in trivial 
amounts.

Methohexital is metabolized in the liver by oxidation 
to an alcohol and N-dealkylation. Methohexital exhibits 
similar distribution half-lives, volumes of distribution, and 
protein bindings as thiopental. A marked difference exists, 
however, in plasma disappearance and elimination half-
lives (4 hours for methohexital and 12 hours for thiopen-
tal). This difference is due to the threefold more rapid rate 
of hepatic clearance of methohexital (mean 7.8-12.5 mL/
kg/min).132 The hepatic extraction ratio of methohexital 
(clearance to hepatic blood flow) is approximately 0.5, indi-
cating that the liver extracts 50% of the drug presented to 
it. This ratio differs from the smaller hepatic extraction ratio 
of thiopental (0.15).

Barbiturate pharmacokinetics have been described in 
physiologic and compartmental models.133 Both of these 
pharmacokinetic models describe rapid redistribution as 
the primary mechanism that terminates the action of a 
single induction dose. Physiologic models of barbiturates 
describe a rapid mixing of the drug within the central 
blood volume followed by a quick distribution of the drug 
to highly perfused, low-volume tissues (i.e., brain) with a 
slower redistribution of the drug to lean tissue (muscle), 
which terminates the effect of the initial (induction of anes-
thesia) dose. In these models, adipose tissue uptake and 
metabolic clearance (elimination) play only a minor role 
in the termination of the effects of the induction dose. This 
is a result of the minimal perfusion ratio of adipose tissue 
compared with other tissues and the slow rate of removal. 
Compartmental model values for thiopental and metho-
hexital, the most commonly used barbiturates for induction 
of anesthesia, are given in Table 23.1. The compartmental 
model explains the delay of recovery when a continuous 
infusion of a barbiturate is used. This model describes how 
the termination of effect becomes increasingly dependent 
on the slower process of uptake into and redistribution from 
adipose tissue and elimination clearance through hepatic 
metabolism. After prolonged infusions, the pharmacoki-
netics of barbiturate metabolism is best approximated by 
nonlinear Michaelis-Menten metabolism. In usual doses 
(4-5 mg/kg), thiopental exhibits first-order kinetics (i.e., a 
constant fraction of drug is cleared from the body per unit 
time); however, at very high doses of thiopental (300-600 
mg/kg) with receptor saturation, zero-order kinetics occur 
(i.e., a constant amount of drug is cleared per unit time). The 
volume of distribution is slightly larger in female patients, 
causing a longer elimination half-life.134 Pregnancy also 
increases the volume of distribution of thiopental, prolong-
ing the elimination half-life.135 Even at advanced stages of 
liver cirrhosis, the clearance of thiopental is not altered. 
Because of its lipophilicity, relatively large volume of dis-
tribution, and low rate of hepatic clearance, thiopental 
can accumulate in tissues, especially if given in large doses 
over a prolonged period. The plasma drug level increases 
when repeated doses of drug are given. Although not used 

Downloaded for alex arman davidson (arman@amazingstudy.tk) at Florida International University from ClinicalKey.com by Elsevier on October 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



SECTION II • Anesthetic Physiology650

in routine clinical practice, appropriately designed infu-
sion schemes ensure constant blood levels, maintaining the 
desired hypnotic effect.!

Pharmacology

MECHANISM OF ACTION

The mechanisms of action of barbiturates on the CNS are 
largely unknown, with the exception of their action on the 
GABAA receptor.136,137 Perhaps the NMDA receptors are 
involved with the effects of barbiturates.138-140 The effects of 
barbiturates on the CNS have been grouped into two cate-
gories: (1) enhancement of the synaptic actions of inhibitory 
neurotransmitters, and (2) blockade of the synaptic actions 
of excitatory neurotransmitters.141 GABA is the principal 
inhibitory neurotransmitter in the mammalian CNS, and 
the GABAA receptor is the only site proven to be involved in 
barbiturate-induced anesthesia.137 The GABAA receptor is 
a chloride ion channel, composed of five subunits, with spe-
cific sites of action for GABA, barbiturates, benzodiazepines, 
and other molecules. The binding sites are at the interface 
of the specific subunits, where the combination of the adja-
cent subunits determine the affinity and selectivity for drugs 
like propofol, etomidate, or pentobarbital. Of each subunit 
multiple types exist, leading to various compositions of the 
GABAA receptor. Progressive insights in the composition of 
these binding sites may be useful in developing novel clinical 
anesthetics.141a Barbiturate binding to the GABAA receptor 
enhances and mimics the action of GABA by increasing 
chloride conductance through the ion channel. This causes 
hyperpolarization of the cell membrane and increases the 
threshold of excitability of the postsynaptic neuron. At low 
concentrations barbiturates enhance the effects of GABA, 
decreasing the rate of dissociation of GABA from its receptor 
and increasing the duration of GABA-activated chloride ion 
channel openings. This enhancement of the action of GABA 
is likely responsible for the sedative-hypnotic effects of the 
barbiturates. At larger concentrations, the barbiturates 
activate the chloride channels directly, without the binding 
of GABA, acting as the agonist itself. The GABA-mimetic 
effect at slightly higher concentrations may be responsible 
for what is termed barbiturate anesthesia.137

The second mechanism of action of barbiturates involves 
the inhibition of the synaptic transmission of excitatory 
neurotransmitters, such as glutamate and acetylcholine. 
The actions of the barbiturates to block excitatory CNS 
transmission are specific for synaptic ion channels. Thio-
pental, however, may exert GABA-independent effects on 
the glutaminergic-NMDA system. In two studies on effects 
in the rat prefrontal cortex, thiopental decreased extracellu-
lar glutamate levels in the CNS and decreased NMDA-gated 
currents in a concentration-dependent manner.139,140

Effects on Cerebral Metabolism (Also 
 see Chapter 57)
Barbiturates, like other CNS depressants, have potent 
effects on cerebral metabolism. A dose-related depression 
of cerebral metabolic oxygen consumption rate (CMRO2) 
progressively slows the EEG, reduces the rate of adenos-
ine triphosphate consumption, and enhances protection 

from partial cerebral ischemia. The relationship between 
depressed metabolism and drug requirement was shown 
when thiopental was not eliminated (i.e., sustained with 
an extracorporeal circulation pump).142 When the EEG 
became isoelectric, a point at which cerebral metabolic 
activity is roughly 50% of baseline,143 no further decreases 
in CMRO2 occurred. These findings support the hypoth-
esis that metabolism and function of the brain are coupled. 
Barbiturates reduce the metabolic activity concerned with 
neuronal signaling and impulse traffic, not the metabolic 
activity corresponding to basal metabolic function. The 
only way to suppress baseline metabolic activity concerned 
with cellular activity is via hypothermia.143 The effect of 
barbiturates on cerebral metabolism is maximized at a 50% 
depression of cerebral function, leaving all metabolic energy 
for the maintenance of cellular integrity. With the reduc-
tion in CMRO2, there is a parallel reduction in cerebral per-
fusion, which is seen in decreased cerebral blood flow (CBF) 
and ICP. With reduced CMRO2, cerebral vascular resistance 
increases, and CBF decreases.144 The ratio of CBF to CMRO2 
remains unchanged. Even though the mean arterial pres-
sure (MAP) decreases, barbiturates do not compromise the 
overall CPP because the CPP equals MAP minus ICP. In this 
relationship, ICP decreases more than MAP after barbitu-
rate administration, preserving CPP.!
Pharmacodynamics
Sufficient doses of barbiturates cause loss of conscious-
ness, amnesia, and respiratory and cardiovascular depres-
sion, known as general anesthesia. The response to pain 
and other noxious stimulation during general anesthesia 
seems to be depressed. Pain studies reveal that barbiturates 
may decrease the pain threshold. This antianalgesic effect 
occurs only with low blood levels of barbiturates, which 
might be achieved with small doses of thiopental for induc-
tion of anesthesia or after emergence from thiopental. The 
amnesic effect of barbiturates is less pronounced than that 
produced by benzodiazepines.!
Effects on the Central Nervous System
Drugs with high lipid solubility and a low degree of ioniza-
tion cross the blood-brain barrier rapidly, producing a fast 
onset of action.137 Most barbiturates exist in a nonionized 
form. Thiopental and methohexital are more lipid soluble 
than pentobarbital, which is clinically reflected by the more 
rapid onset of action of thiopental and methohexital com-
pared to pentobarbital.145 Only the nonionized form of a 
drug can directly traverse the cellular membranes. Thio-
pental has a pKa of 7.6. Approximately 50% of thiopental 
is nonionized at physiologic pH, which accounts partly for 
the rapid accumulation of thiopental in the cerebrospinal 
fluid (CSF) after IV administration.146 Methohexital is 75% 
nonionized at pH 7.4, which may explain the slightly more 
rapid effect of methohexital compared to thiopental. As pH 
decreases, with poor perfusion, barbiturates have a larger 
fraction of nonionized drug available to cross the blood-
brain barrier.146

The onset of action in the CNS is affected by protein 
binding, because only unbound drug (free drug) can cross 
the blood-brain barrier.147 Barbiturates are highly bound 
to albumin and other plasma proteins, where the thio-
barbiturates are more highly protein bound than are the 
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oxybarbiturates. The degree of protein binding of a drug is 
influenced by the physiologic pH and disease states, which 
alter the absolute amount of protein. Most barbiturates 
tend to experience peak protein binding at or around pH 
7.5. The final factor governing the rapidity of drug pene-
tration of the blood-brain barrier is the plasma drug con-
centration, causing a concentration gradient. The two 
primary determinants of the plasma concentration are the 
dose administered and the rate (speed) of administration. 
As the dose of thiopental over the same time is increased, 
an increased percentage of patients will be anesthetized.148 
Concerning absolute dose, 2 mg/kg produced anesthesia 
in 20% of patients, whereas a dose of 2.4 mg/kg produced 
anesthesia in 80% of patients. Similarly, the speed of injec-
tion influences the effect of thiopental. A smaller amount of 
drug is required to produce anesthesia when the dose rate 
of the administration is over 5 seconds as opposed to over 
15 seconds.

Because of the equilibrium between brain concentra-
tion and plasma concentration, factors that determine the 
rate of onset of barbiturate effects also affect their termi-
nation. Lipid solubility, degree of ionization, and CSF drug 
concentration affect the movement of drug from the CSF to 
plasma. As plasma levels decrease, drug levels in the brain 
and CSF decrease. The most important factors in the ter-
mination of drug effect are those that govern plasma dis-
appearance of the drug. These are generally divided into a 
rapid redistribution phase and a slow metabolic and second 
redistribution phase. In a classic pharmacologic study, Bro-
die and coworkers149 showed that awakening from thio-
pental occurred because the plasma concentration rapidly 
declined. They further showed that the cause of the rapid 
plasma decay of thiopental was not metabolism of the drug 
but was rather due to a redistribution of the drug to other 
tissues throughout the body. The relationship of the plasma 
drug level and drug redistribution to the onset and termina-
tion of effect is illustrated in Fig. 23.7. Clinically, patients 
awake from a single dose of thiopental 5 to 10 minutes after 
administration, as the drug is redistributed from highly  
perfused CNS tissues to well-perfused lean tissues. The ter-
mination of effect after multiple drug administrations or 
constant infusion depends on the elimination of the drug 
from the blood, which becomes increasingly more depen-
dent on first-order metabolism than redistribution and is 
a function of its context-sensitive decrement time (see Fig. 
23.3). Awakening may be delayed in older patients because 
of increased CNS sensitivity, alterations in metabolism, or 
decreased central volume of distribution relative to younger 
adults.150 The initial volume of distribution is less in elderly 
patients than in young patients, which explains a smaller 
dose requirement for the onset effect. Pediatric patients 
(<13 years old) seem to have a more rapid rate of total clear-
ance and a shorter rate of plasma thiopental clearance than 
do adults, which theoretically might result in earlier awak-
ening, especially after multiple doses of the drug.151 There is 
little difference in distribution of thiopental and methohexi-
tal, which may explain the similar wakeup times. There is, 
however, a difference in the rate of total body clearance, 
being more rapid for methohexital. This disparity explains 
the difference found in the psychomotor skills of patients 
and the earlier full recovery after methohexital. Despite 
some residual effects, methohexital is cleared more rapidly 

than thiopental, which explains why methohexital is pre-
ferred for use by some clinicians when rapid awakening is 
desirable, such as in outpatient anesthesia. Prolongation of 
early and late recovery by the barbiturates is the primary 
reason behind the fact that they have been largely replaced 
by propofol.!
Effects on the Respiratory System
Barbiturates produce dose-related central respiratory 
depression. The evidence for central depression is a cor-
relation between EEG suppression and diminished minute 
ventilation. Peak respiratory depression (as measured by 
the slope of carbon dioxide concentration in the blood) and 
maximum depression of minute ventilation after delivery of 
thiopental (3.5 mg/kg) occurs 1 to 1.5 minutes after admin-
istration. These variables return to predrug levels rapidly, 
and within 15 minutes the drug effects are barely detect-
able.152 Patients with chronic lung disease are slightly 
more susceptible to the respiratory depression of thiopental. 
The ventilatory pattern with thiopental induction has been 
described as “double apnea,” that is an initial apnea of a few 
seconds occurring upon drug administration, succeeded by 
a few breaths of reasonably adequate tidal volume, which 
is followed by a more prolonged period of apnea, typically 
of approximately 25 seconds. This apnea occurs in at least 
20% of cases. During the induction of anesthesia with 
thiopental, ventilation must be assisted or controlled to 
provide adequate respiratory exchange. Like thiopental, 
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Fig. 23.7 After delivery of an IV bolus, the percentage of thiopental 
remaining in blood rapidly decreases as drug moves from blood to 
body tissues. The time to attainment of peak tissue levels is a direct 
function of tissue capacity for barbiturate relative to blood flow. A 
larger capacity or smaller blood flow is related to a longer time to a 
peak tissue level. Initially, most thiopental is taken up by the vessel-rich 
group (VRG) of tissues because of their high blood flow. Subsequently, 
drug is redistributed to muscle and to a lesser extent to fat. Throughout 
this period, small but substantial amounts of thiopental are removed 
and metabolized by the liver. In contrast to removal by tissues, this 
removal is cumulative. The rate of metabolism equals the early rate of 
removal by fat. The sum of this early removal by fat and metabolism is 
the same as the removal by muscle. (Redrawn from Saidman LJ. Uptake, 
distribution and elimination of barbiturates. In: Eger EI [ed]. Anesthetic 
Uptake and Action. Baltimore: Williams & Wilkins; 1974.)
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methohexital is a central respiratory system depressant.152 
Induction doses (1.5 mg/kg) significantly decrease the slope 
of the ventilatory response to carbon dioxide, with a maxi-
mal reduction at 30 seconds after drug administration.153 
The peak decrease in tidal volume occurs 60 seconds after 
methohexital administration. All variables return to base-
line within 15 minutes. In contrast to the effects on ven-
tilation, patients awaken within about 5 minutes after the 
administration of methohexital (1.5 mg/kg).!
Effects on the Cardiovascular System
Cardiovascular depression from barbiturates is a result of 
central and peripheral (direct vascular and cardiac) effects. 
The primary cardiovascular effect of a barbiturate during 
induction of anesthesia is peripheral vasodilation causing 
a pooling of blood in the venous system. Mechanisms for 
the decrease in cardiac output include (1) direct negative 
inotropic action, due to a decrease of calcium influx into 
the cells, (2) decreased ventricular filling, due to increased 
capacitance, and (3) transiently decreased sympathetic 
outflow from the CNS.154 The increase in heart rate (10% 
to 36%) that accompanies thiopental administration prob-
ably results from the baroreceptor-mediated sympathetic 
reflex stimulation of the heart in response to the decrease 
in output and pressure. The cardiac index, as well as the 
MAP, is unchanged or reduced. Hemodynamic changes are 
dependent on the infusion rate of thiopental. In the dose 
ranges hitherto studied, no relationship between plasma 
thiopental level and hemodynamic effect has been found. 
There is little difference in the responses after thiopental 
and methohexital administration in patients with heart 
disease. The increase in heart rate (11%-36%) encountered 
in patients with coronary artery disease anesthetized with 
thiopental (1-4 mg/kg) is potentially deleterious because 
of the obligatory increase in myocardial oxygen consump-
tion that accompanies the increased heart rate. In a study 
in dogs, thiopental prolonged the QT interval, flattened T 
waves, and increased QT dispersion during and after induc-
tion.150 Thiopental may not be the most appropriate choice 
for patients with a susceptibility to ventricular dysrhyth-
mias or a prolonged QT interval, such as acidotic patients or 
conditions that prolong the QT interval, such as long-term 
dialysis or advanced cirrhosis. Patients who have normal 
coronary arteries have no difficulty in maintaining ade-
quate coronary blood flow to meet the increased myocardial 
oxygen consumption.155 Thiopental should be avoided in 
hypovolemic patients because there is a significant reduc-
tion in cardiac output (69%) and a significant decrease in 
arterial blood pressure.156 Patients without adequate com-
pensatory mechanisms may have serious hemodynamic 
depression with a thiopental induction of anesthesia.!
Other Effects
The side effects of injecting barbiturates include a garlic or 
onion taste (40% of patients), allergic reactions, local tis-
sue irritation, and rarely, tissue necrosis. A transient urti-
carial rash may develop on the head, neck, and trunk. More 
severe reactions such as facial edema, hives, bronchospasm, 
and anaphylaxis can occur. Treatment of anaphylaxis is 
symptomatic. Thiopental and thiamylal produce fewer 
excitatory symptoms with induction than methohexital, 
which produces cough, hiccups, tremors, and twitching 

approximately five times more often. Tissue irritation and 
local complications may occur more frequently with the use 
of thiopental and thiamylal than with methohexital.

The consequences of accidental arterial injection may be 
severe. The degree of injury is related to the concentration 
of the drug. Treatment consists of (1) dilution of the drug by 
the administration of saline into the artery, (2) hepariniza-
tion to prevent thrombosis, and (3) brachial plexus block. 
Overall, the proper administration of thiopental intrave-
nously is remarkably free of local toxicity.

Phenobarbital is used experimentally as an inducer of 
the cytochrome P450 (CYP) system in rodents, in particu-
lar of the CYP2B enzymes. In human hepatocyte culture, 
phenobarbital acts as an inducer of the CYP2B6, CYP2C9, 
CYP2C19, and CYP3A4 enzymes. This phenomenon may 
cause changes in the metabolism of drugs that are adminis-
tered concomitantly.157 On the other hand, the metabolism 
of thiopental can be influenced by concomitant drugs like 
selective serotonin reuptake inhibitors (SSRIs). These drugs 
are used frequently by patients who are treated by electro-
convulsive therapy, in whom an induction with thiopental 
or thiamylal is performed.158!

Uses

INDUCTION AND MAINTANANCE  
OF ANESTHESIA

Barbiturates are used clinically for induction and mainte-
nance of anesthesia and premedication. Methohexital is 
the drug of choice for providing anesthesia during electro-
convulsive therapy.159 Other barbiturates used in this field 
are thiopental and thiamylal. Less frequently, barbiturates 
are used to provide cerebral protection in patients at risk 
of developing incomplete ischemia. The three barbiturates 
that are used most commonly for IV anesthesia induction 
and maintenance are thiopental, thiamylal, and methohex-
ital. Thiopental is an excellent drug to use for induction of 
anesthesia. The prompt onset (15-30 seconds) of action and 
smooth induction are advantages for this drug. The rapid 
emergence, particularly after single use for induction, also 
was a reason for the widespread use of thiopental in this set-
ting. Thiopental can be used to maintain general anesthe-
sia because repeated doses reliably sustain unconsciousness 
and contribute to amnesia but should not be the drug of first 
choice as the hypnotic component in balanced anesthesia. 
A review of the role of anesthetics on the risk of awareness 
during surgery show that benzodiazepines reduce aware-
ness compared to thiopental, ketamine, and placebo. Wake-
fulness is reduced by ketamine and etomidate, compared 
with thiopental. The evidence is not strong due to the risk 
of bias, the very small event rate, and the heterogeneity in 
definition of awareness.160

Methohexital is the only IV barbiturate used for induction 
of anesthesia that can compete with thiopental. With a dose 
of 1 to 2 mg/kg, induction and emergence from anesthesia 
is rapid. Methohexital also may be used as a hypnotic com-
ponent to maintain anesthesia. Similar to thiopental, it is 
not an analgesic. Additional opioids or volatile anesthetics 
are required to provide a balanced technique satisfactory for 
general anesthesia during surgery. Because methohexital is 
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cleared more rapidly than thiopental, it may be preferred to 
thiopental for the maintenance of anesthesia, as accumu-
lation and saturation of peripheral sites takes longer. For 
brief infusion (<60 minutes), recovery from a methohexital 
infusion titrated to maintain hypnosis (50-150 µg/kg/min) 
is similar to that provided by propofol. There are probably 
upper limits of safe infusion doses yet to be defined, but sei-
zures have occurred in neurosurgical patients after large 
doses of methohexital (24 mg/kg).154 Methohexital may 
be given rectally and is absorbed rapidly, and can be used 
as a premedication drug in pediatric patients. The dose rec-
ommended for this use is 25 mg/kg rectal instillation (10% 
solution through a 14F catheter, 7 cm into rectum).161 
With this method of administration, sleep onset is rapid: 
mean peak plasma levels occur within 14 minutes.

Dosing
Dosing for the two most commonly used barbiturates is 
listed in Table 23.4. The usual doses of thiopental (3-4 mg/
kg) and thiamylal (3-4 mg/kg) are about twice the dose of 
methohexital (1-2 mg/kg). In dose-response studies, the 
ED50 for thiopental ranged from 2.2 to 2.7 mg/kg, and the 
ED50 for methohexital was 1.1 mg/kg.147 There is less inter-
patient variability in the dose response to barbiturates than 
to benzodiazepines when used for anesthesia induction, but 
there still is significant variability in the dose of thiopental 
required to induce anesthesia.148 Interpatient dose variabil-
ity is related to the presence of hemorrhagic shock, cardiac 
output, lean body mass, obesity, gender, and age. Hemor-
rhagic shock, lean body mass, age, and obesity explain 
variability of patient response owing to a decrease in the 
central volume of distribution. Finally, patients who have 
severe anemia, burns, malnutrition, widespread malignant 
disease, uremia, ulcerative colitis, or intestinal obstruction 
also require smaller induction doses of barbiturates.!
Contraindications
The following conditions should be considered a contraindi-
cation for the use of IV barbiturates: (1) when there is respi-
ratory obstruction or an inadequate airway, thiopental 
may worsen respiratory depression; (2) severe cardiovas-
cular instability or shock contraindicate its use; (3) status 
asthmaticus is a condition in which airway control and 
ventilation may be worsened further by thiopental; (4) por-
phyria may be precipitated or acute attacks may be accen-
tuated by the administration of thiopental; and (5) without 

proper induction equipment (IV instrumentation) and air-
way equipment (means of artificial ventilation), thiopental 
should not be administered.!

Benzodiazepines

INTRODUCTION

The benzodiazepines have become a category of drugs 
widely used in anesthesia as anxiolytics, sedatives, and hyp-
notics. They exert their action through GABAA receptors, 
which are the key targets that mediate most of the clinically 
important effects of IV anesthetics.162 In the clinical practice 
of daily anesthesia, midazolam is often used immediately 
before induction of anesthesia. The other agonists, diaz-
epam, lorazepam, temazepam, and the antagonist flumaze-
nil are sometimes used. Remimazolam, an ultrashort-acting 
GABAA receptor agonist, may be a useful new benzodiaz-
epine in future anesthetic practice. Benzodiazepines are 
widely prescribed, and addiction to these drugs is a world-
wide concern. Research is ongoing to elucidate the neural 
mechanism of the reward-related effects of benzodiazepines. 
Reynolds and associates conclude in their findings that %2- 
and %3-subunit–containing GABAA receptors are implicated 
as key mediators of the reward-related effects of benzodiaze-
pines. This finding has important implications for the devel-
opment of new drugs with less addictive properties.163

Surgical treatment of tumors is often the first line for sev-
eral types of cancer. Several factors influence the metastatic 
spread of residual cancer cells. Midazolam is widely used 
during general anesthesia. Research in" vitro and in" vivo 
conclude that midazolam in contrast to dexmedetomidine 
has antitumorigenic properties in certain types of cancer in 
supraclinical dosage.163a

Benzodiazepines were discovered in 1954 by Sternbach 
and in 1959 chlordiazepoxide (Librium) was the first ben-
zodiazepine patented. Diazepam was synthesized in 1963 in 
a search for a better compound and was used intravenously 
to induce anesthesia in 1965.164 Oxazepam (Seresta), 
a metabolite of diazepam, was synthesized in 1961 by 
Bell. Lorazepam (Ativan), a 2&chloro-substitution prod-
uct of oxazepam, was synthesized in 1971 in an attempt 
to produce a more potent benzodiazepine. The next major 
achievement was Fryer and Walser’s synthesis in 1976 of 
midazolam (Versed, Dormicum), the first clinically used 
water-soluble benzodiazepine, produced primarily for use 
in anesthesia.165 An ultrashort-acting benzodiazepine, 
remimazolam, is in its phase III trial and is promising.166

Physicochemical Characteristics
Four benzodiazepine receptor agonists are commonly 
used in anesthesia: midazolam, diazepam, lorazepam, and 
temazepam (Fig. 23.8). The physicochemical characteris-
tics of the benzodiazepines used in anesthesia are listed in 
Table 23.5. These six molecules are relatively small and are 
lipid soluble at physiologic pH.

Of the clinically used benzodiazepines, midazolam is the 
most lipid soluble in"vivo,167 but because of its pH-dependent 
solubility, it is water soluble when formulated in a buffered 
acidic medium (pH 3.5). The imidazole ring of midazolam 
accounts for its stability in solution and its lipophilicity due 

TABLE 23.4 Recommended Doses of Barbiturates for 
Anesthesia Induction and Maintenance

Drug
Induction  
Dose (mg/kg)*,† Onset (s)

Intravenous  
Maintenance Infusion

Thiopental 3-4 10-30 50-100 mg every 10-12 
min

Methohexital 1-1.5 10-30 20-40 mg every 4-7 min

*Adult and pediatric intravenous doses are roughly the same in milligrams 
per kilogram.

†Methohexital can be given rectally in pediatric patients as a 20 to 25 mg/kg/
dose.

From Reves JG, Glass P, Lubarsky DA, et al. Intravenous anesthetics. In: Miller 
RD, Eriksson LI, Fleischer LA, et al, eds. Miller’s Anesthesia, 7th ed. Philadel-
phia: Churchill Livingstone; 2010: 719–768.

Downloaded for alex arman davidson (arman@amazingstudy.tk) at Florida International University from ClinicalKey.com by Elsevier on October 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



SECTION II • Anesthetic Physiology654

to rapid closing of the imidazole ring at physiological pH. 
The high lipophilicity of the compounds accounts for the 
rapid CNS effect and relatively large volumes of distribution.!
Pharmacokinetics
The four benzodiazepines used in anesthesia are classified 
as short-acting (midazolam), intermediate-acting (loraz-
epam, temazepam), and long-acting (diazepam), according 
to their metabolism and plasma clearance (Table 23.6). The 
plasma disappearance curves of all benzodiazepines can be 
best described by a two- or three-compartment model.

Protein binding and volumes of distribution are not 
much different among these four benzodiazepines, but the 
clearance is significantly different. Factors that may influ-
ence the pharmacokinetics of benzodiazepines are age, 

gender, race, enzyme induction, and hepatic and renal 
disease. In addition, the pharmacokinetics of the benzodi-
azepines are affected by obesity. The volume of distribution 
is increased as drug diffuses from the plasma into the adi-
pose tissue. Although clearance is not altered, elimination 
half-lives are prolonged, owing to the increased volume of 
distribution and delayed return of the drug to the plasma in 
obese patients.168 Generally, sensitivity to benzodiazepines 
in some patient groups, such as elderly patients, is greater 
despite relatively modest pharmacokinetic changes; factors 
other than pharmacokinetics must be considered when 
these drugs are used.

Midazolam: After oral ingestion midazolam is absorbed 
completely and the peak plasma concentration is achieved 
in 30 to 80 minutes.169 The bioavailability is less than 50% 
due to a significant first-pass metabolism in the intestinal 
wall and the liver.169,170 After IV administration, mid-
azolam is rapidly distributed, with a distribution half-life 
of 6 to 15 minutes.170 The plasma protein binding is high: 
94% to 98%.

The hepatic extraction ratio is low, ranging from 0.30 
to 0.44, but is higher than the unbound free fraction of 
midazolam in plasma.169 Thus, the protein binding is not 
a restrictive factor in drug extraction by the liver. With this 
intermediate hepatic extraction ratio, the metabolic clear-
ance of midazolam may be susceptible both to changes in 
enzyme activity and to changes in hepatic blood flow.

The elimination half-life ranges from 1.7 to 3.5 
hours.170,171 The plasma clearance ranges from 5.8 to 9.0 
mL/kg/min and is higher compared to that of the other 
benzodiazepines. This is due to the fused imidazole ring, 
which is rapidly oxidized in" vivo—much more rapidly 
than the methylene group of the diazepine ring of other 
benzodiazepines.172

The pharmacokinetics of midazolam are affected by obe-
sity, age, hepatic cirrhosis, and severity of critical illness. 
Because of its high lipophilicity (at physiological pH), mid-
azolam distributes preferably to adipose tissue resulting in 
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Fig. 23.8 The structures of six benzodiazepines.

TABLE 23.5 Physicochemical Characteristics of 
Benzodiazepines

Molecular  
Weight pKa

Water  
Solubility

Lipid  
Solubility

Da g/L Log P

Diazepam 284.7 3.4 0.051 2.801

Lorazepam 321.2 1.3 0.12 2.382

Temazepam 300.7 1.6, 11.7 0.28 2.188

Midazolam 325.8  
(hydrochloride 
362.2)

6.0 0.004 (2.0, 
pH 1)

3.798

Remimazolam 439.3 (besylate 
597.5)

5.3 0.008 (7.5, 
pH 1)

3.724

Flumazenil 303.3 0.86 0.042 2.151

Water solubility values are in unbuffered water, maximal solubility at acidic pH 
in parenthesis. Data from http://scifinder.cas.org. pKa, dissociation constant.

From Saari TI, Uusi-Oukari M, Ahonen J, Olkkola KT. Enhancement of GAB-
Aergic activity: neuropharmacological effects of benzodiazepines and 
therapeutic use in anesthesiology. Pharmacol Rev. 2011;63(1):243–267.
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a prolonged elimination half-life in obese patients.168 Liver 
cirrhosis reduces plasma clearance of midazolam due to 
decreased metabolism.173

Midazolam is metabolized by CYP3A4 and CYP3A5174 
to 1-hydroxymethylmidazolam (= %-hydroxymidazolam) 
and 4-hydroxymidazolam.175 These metabolites possess 
similar sedative activities compared to the parent compound 
and, when given over a longer time, these metabolites may 
accumulate. These metabolites are rapidly conjugated and 
excreted in the urine and have, like midazolam, a marked 
increase in peripheral volume of distribution in obese/over-
weight adolescents.175a In comparison, 1-hydroxymeth-
ylmidazolam is less potent than its parent compound, the 
affinity to the receptor is about 60%, and weaker than that 
of midazolam. The metabolites are cleared more rapidly than 
midazolam itself, making them of little concern in patients 
with normal hepatic and renal function. In patients with renal 
impairment, though, they can cause profound sedation.176

Diazepam: After oral ingestion the bioavailability is about 
94%.177 Time to peak plasma concentrations after oral 
ingestion is approximately 60 minutes.178 Diazepam is 
extensively bound to plasma proteins; the volume of distri-
bution ranges from 0.7 to 4.7 L/kg. The plasma clearance of 
diazepam ranges from 0.2 to 0.5 mL/kg/min.179

The pharmacokinetics of diazepam are affected by obesity 
and liver dysfunction and particularly by age. Increasing 
age reduces the clearance of diazepam significantly.180

Metabolism occurs in the liver and is mediated mainly 
by CYP2C19 and CYP3A4. This accounts for 80% of the 
biotransformation of diazepam.181-183 The metabolite 
N-desmethyldiazepam has pharmacodynamic character-
istics similar to those of diazepam, but has a much slower 
elimination half-life extending to 200 hours. N-desmethyl-
diazepam is further metabolized to oxazepam, which is also 
pharmacologically active.

Temazepam, another metabolite of diazepam, is mainly 
conjugated to temazepam glucuronide and a smaller part 
is demethylated to oxazepam and thereafter conjugated to 
oxazepam-glucuronide.184

Lorazepam: The oral bioavailability is high, nearly 90%. 
Peak plasma concentrations are reached approximately 2 
hours after oral ingestion, the mean elimination half-life is 
15 hours, with a range of 8 to 25 hours.185 Lorazepam has 
a large volume of distribution from 0.8 to 1.3 L/kg,186 and 
it is highly bound to plasma proteins (>90%).

The clearance of lorazepam is 0.8 to 1.8 mL/kg/min. 
Lorazepam is conjugated in the liver to an inactive glucuro-
nide and up to 70% is excreted in urine. The pharmacoki-
netics of lorazepam is little altered by age, and not altered 
by gender or renal disease, but clearance is decreased by 
hepatic dysfunction.187!
Remimazolam (CNS 7056)
Remimazolam, a new short-acting GABAA receptor agonist 
with high affinity to the GABA receptor, is rapidly degraded 
in plasma by nonspecific esterases to its carboxylic acid 
metabolite CNS 7054. The incorporation of a carboxylic 
ester moiety into the benzodiazepine core of remimazolam 
renders it susceptible to nonspecific tissue esterases.188 
Preclinical studies in sheep showed a more rapid onset of 
action, greater depth of sedation, and more rapid recovery 
than midazolam. In sheep, remimazolam showed no dose-
dependent depth of sedation like propofol.189 In humans, 
remimazolam is eliminated by first-order pharmacokinet-
ics, with no clear relationship registered between body 
weight and elimination clearance. Accumulation after pro-
longed infusion is unlikely. The clearance of remimazolam 
was rapid (overall mean clearance 70.3 ± 13.9 L/hr) and 
the volume of distribution moderately large (steady-state 
volume of distribution is 34.8 ± 9.4 L). No clear relation 
exists between body weight and systemic clearance. Level 
and duration of sedation are dose-dependent in humans. 
190 Remimazolam trials conclude a safe administration 
for procedural sedation; it allows a faster recovery of neu-
ropsychiatric function compared to midazolam. Possible 
benefit compared to propofol is the safe administration 
by endoscopists instead of healthcare providers trained in 
anesthesia.!

Pharmacodynamics

Benzodiazepines act selectively at the GABAA receptor, 
which mediates fast inhibitory synaptic transmission in 
the CNS. Benzodiazepines enhance the response to GABA 
by facilitating the opening of the GABA-activated chloride 
channels resulting in hyperpolarization. A series of com-
pounds are candidates as endogenous ligand of the GABAA 
receptor, such as diazepam binding inhibitor and other sub-
stances. This is an area of ongoing research.191

TABLE 23.6 Pharmacokinetic Parameters of the Benzodiazepines

Elimination 
half-life (h)

Clearance  
(mL/kg/min) Vd (L/kg)

Plasma Protein  
Binding (%) Reference

Midazolam 1.7-3.5 5.8-9.0 1.1-1.7 94-98 Dundee et al. (1984)

Diazepam 20-50 0.2-0.5 0.7-1.7 98-99 Greenblatt et al. (1980)

Lorazepam 11-22 0.8-1.5 0.8-1.3 88-92 Greenblatt et al. (1979)

Temazepam 6-8 1.0-1.2 1.3-1.5 96-98 Fraschini and Stankov 
(1993)

Remimazolam* 0.4 4521 mL/min 36.4 L N.A. Upton et al. (2010)

Flumazenil 0.7-1.3 13-17 0.9-1.9 40-50 Klotz and Kanto (1998)

*Noncompartmental analysis results from sheep.
N.A. is not available.
From Saari TI, Uusi-Oukari M, Ahonen J, Olkkola KT. Enhancement of GABAergic activity: neuropharmacological effects of benzodiazepines and therapeutic use 

in anesthesiology. Pharmacol Rev. 2011;63(1):243–267.
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Translocator protein (TSPO, 18 kDa), first described as a 
peripheral binding site for benzodiazepines, which are not 
associated with GABA receptors, are expressed throughout 
the body and brain. While their precise function and phar-
macologic significance remain only partly known, the TSPO 
role has many proposed functions depending on the tissue, 
like cholesterol transport, regulatory role in the heart, and 
immunomodulation related to inflammatory activation.192

EFFECTS ON THE CENTRAL NERVOUS SYSTEM

All benzodiazepines have hypnotic, sedative, anxiolytic, 
amnesic, anticonvulsant, and centrally produced muscle-
relaxing properties. They may differ to some extent in their 
potency and efficacy with regard to some of these pharma-
codynamic actions (e.g., anticonvulsive action). The neu-
rotransmitter GABA is an inhibitory neurotransmitter and 
controls the state of a chloride ion channel. Activation of this 
chloride ion channel results in neuronal hyperpolarization 
(increased membrane potential in the direction away from 
the threshold potential) and accounts for the classification 
of the GABA system as “inhibitory.” Benzodiazepines bind 
to their receptors with high affinity; the binding is stereospe-
cific and saturable; the order of receptor affinity (potency) of 
three agonists is lorazepam > midazolam > diazepam. Mid-
azolam is approximately 3 to 6 times, and lorazepam 5 to 
10 times, as potent as diazepam.193 As indicated previously, 
the mechanism of action of benzodiazepines is reasonably 
well understood.194,195 The interaction of benzodiazepine 
ligands with the GABAA receptor is one of the few examples 
in which the complex systems of biochemistry, molecular 
pharmacology, genetic mutations, and clinical behavioral 
patterns can to some extent be explained. GABAA subtypes 
mediate the different effects (amnesic, anticonvulsant, anx-
iolytic, and sleep).195 The GABAA receptor is a pentameric 
assembly built from 18 or more subunits (Fig. 23.9). Many 
different combinations of this pentameric assembly occur in 
different parts of the brain; linking this diversity to physi-
ological function and pharmacologic specificity may be 
possible. The %-subunit of the pentameric complex occurs 
in six isoforms (%1-%6).187 Sedation, anterograde amnesia, 
and anticonvulsant properties are mediated via %1-subunits 
of the GABAA receptors,195 and anxiolysis and muscle 
relaxation are mediated via the %2-subunits. The “benzo-
diazepine receptors” are found in highest densities in the 
olfactory bulb, cerebral cortex, cerebellum, hippocampus, 
substantia nigra, and inferior colliculus, where lower densi-
ties in the striatum, lower brainstem, and spinal cord are 
found. Spinal cord benzodiazepine receptors can play an 
important role in analgesia; however, further elucidation of 
the mechanism of action of this drug class is required.196 
Intrathecal midazolam reduces excitatory GABA-mediated 
neurotransmission in interneurons, leading to a decrease in 
the excitability of spinal dorsal horn neurons.196 A meta-
analysis shows that intrathecal midazolam improves peri-
operative analgesia and reduces nausea and vomiting.197

The benzodiazepines reduce the CMRO2 in a dose-related 
manner. Midazolam and diazepam maintain a relatively 
normal ratio of CBF to CMRO2. 198 Midazolam, diazepam, 
and lorazepam all increase the seizure initiation threshold 
to local anesthetics and decrease the mortality rate in mice 
exposed to lethal doses of local anesthetics. Midazolam has 

neuroprotective effects by preventing lipid peroxidation and 
mitochondrial damage. There are indications in rats that 
the peripheral benzodiazepine receptor is involved in these 
actions.199

Effects on the Respiratory System
Benzodiazepines, similar to most IV anesthetics, produce 
dose-related central respiratory system depression. The 
benzodiazepines affect respiration in two different ways. 
First, they have an effect on the muscular tone leading to 
an increased risk of upper airway obstruction.200 Second, 
they flatten the response of the respiratory curve to carbon 
dioxide.201 In addition, sedative doses of midazolam depress 
the hypoxic ventilatory response in humans.202

Benzodiazepines and opioids produce additive or supra-
additive (synergistic) respiratory depression, even though 
they act at different receptors.203 Old age, debilitating dis-
ease, and other respiratory depressant drugs increase the 
incidence and degree of respiratory depression and apnea 
by benzodiazepines.!
Effects on the Cardiovascular System
The hypothalamic paraventricular nucleus (PVN) is an 
important site for autonomic and endocrine homeostasis 
of the cardiovascular system. The PVN integrates afferent 
stimuli to regulate blood volume; the rostral ventrolateral 
medulla is the dominant brain region for tonic regulation 
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Fig. 23.9 Schematics of GABAA receptor structure and func-
tion. (A) topography of a GABAA receptor subunit partially embed-
ded in the lipid bilayer. 1, N-terminal extracellular domain responsible 
for transmitter and ligand binding and coupling of the binding sites 
with ion channel. This part is also important for the assembly of vari-
ous receptor subunits into functional receptors. 2, four transmembrane 
segments forming the anion channel are responsible for binding of 
hydrophobic ligands, ion selectivity, and channel binding sites. 3, intra-
cellular loop between transmembrane segments 3 and 4 forms the 
domain for regulatory phosphorylation sites and for the intracellular 
factors anchoring the receptors in appropriate locations. (B) hypotheti-
cal binding sites for GABA and benzodiazepines ligands in a pentam-
eric receptor complex. (From Saari TI, Uusi-Oukari M, Ahonen J, Olkkola 
KT. Enhancement of GABAergic activity: neuropharmacological effects of 
benzodiazepines and therapeutic use in anesthesiology. Pharmacol Rev. 
2011;63[1]:243–267.)
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of arterial blood pressure.204 Under normal circumstances, 
the sympathetic nervous system is tonically inhibited. This 
inhibition is dependent on GABAergic signaling and nitric 
oxide.205

Benzodiazepines, when used alone, have modest hemo-
dynamic effects. The predominant hemodynamic change 
is a modest decrease in arterial blood pressure, resulting 
from a decrease in systemic vascular resistance. The mecha-
nism by which benzodiazepines maintain relatively stable 
hemodynamics involves the preservation of homeostatic 
reflex mechanisms. The hemodynamic effects of midazolam 
and diazepam are dose related, however, there is a plateau 
plasma drug effect above which little change in arterial blood 
pressure occurs. The plateau plasma level for midazolam is 
100 ng/mL, and that for diazepam is about 900 ng/mL. 
Heart rate, ventricular filling pressures, and cardiac output 
are maintained after induction of anesthesia with benzodi-
azepines. More recent studies using heart rate variability 
variables as measurements to evaluate the effect of benzodi-
azepines on autonomic neurocardiac regulation conclude a 
biphasic effect. First, the vagal tone reduces and second, the 
cardiac pacemaker may decrease using intravenous pre-
medication doses. In patients with increased left ventricular 
filling pressures, diazepam and midazolam produce a “nitro-
glycerin-like” effect by decreasing the filling pressure and 
increasing cardiac output. Notably, the stress of endotra-
cheal intubation and surgery are not blocked by midazolam.!

Drug Interactions

PHARMACOKINETIC DRUG INTERACTIONS

The pharmacokinetics of benzodiazepines may be altered by 
drug interactions. As cytochrome P450 is often involved in 
the metabolism of the benzodiazepines, drugs inducing or 
inhibiting CYP function often cause alterations in the phar-
macokinetics of the benzodiazepines.

CYP-mediated drug interactions have extensively been 
examined utilizing midazolam, which is almost completely 
metabolized by CYP, particularly CYP3A4.

The inhibition of CYP3A by concomitantly administered 
drugs like—among many others—the azole antifungal 
agents, results in significant inhibition of the metabolism of 
midazolam.206 Orally administered midazolam is especially 
affected by these inhibitors due to reduction of the first-pass 
metabolism elimination.207

Diazepam is primarily metabolized by CYP2C19 and 
CYP3A4. Different CYP2C19 alleles have varying activity, 
which results in ultra-rapid, extensive, intermediate, and 
poor metabolizer genotypes.208,209 Pharmacokinetics and 
pharmacodynamics vary among these different metaboliz-
ers.210,211 Strong inhibitors of CYP3A4 have a minor effect 
on the pharmacokinetics of diazepam.212,213 Inhibitors of 
CYP2C19 like omeprazole, fluvoxamine, and ciprofloxa-
cin consequently increase the plasma half-life of diazepam 
substantially.214-216 The clearance of lorazepam is affected 
by probenecid and valproic acid, both of which decrease 
the formation clearance of lorazepam-glucuronide.217,218 
Remimazolam is not metabolized by CYP-dependent mech-
anisms, which decreases the chances of significant drug 
interactions occurring.!

PHARMACODYNAMIC DRUG INTERACTION

All benzodiazepines act on the CNS and interact with other 
drugs targeting the CNS, in particular those causing CNS 
depression.

In anesthetic practice, opioids are often combined with 
benzodiazepines, which interact in a synergistic man-
ner.219 The interaction between midazolam and ketamine 
is additive,220 while the interaction between the hypnotic 
effects of thiopental and midazolam and of propofol and 
midazolam are synergistic.20,221!

Uses

PREMEDICATION

Benzodiazepines are the most commonly applied drugs for 
premedication. The goals of this application are anxioly-
sis, sedation, amnesia, vagolysis, and sympathicolysis, and 
reduction of PONV.222 The amnestic effects are antero-
grade; retrograde memory is not affected.

Diazepam, lorazepam, and midazolam are given orally or 
intravenously for preoperative sedation. Midazolam is the 
most frequently used benzodiazepine for premedication in 
both adults and children.223 The usual oral dose for adults 
ranges from 7.5 to 15 mg for midazolam, from 5 to 10 mg 
for diazepam, and from 10 to 20 mg for temazepam.224 
Many factors like age, ASA physical status, level of anxiety, 
and type and length of surgery determine the dose. Loraz-
epam is mostly used when a prolonged and intense anxioly-
sis is pursued, like in cardiac surgery. Typically, 2 to 4 mg 
lorazepam is administered orally 2 hours before anesthesia 
and surgery.225

For pediatric patients midazolam is available in sev-
eral preparations (including a formulation for intranasal 
administration in some countries) and well tolerated. The 
dose is effective from 0.025 mg/kg and produces sedation 
and anxiolysis in 10 to 20 minutes.

Midazolam has minimal effects on respiration and oxy-
gen saturation in adults, even in doses up to 1.0 mg/kg with 
a maximum of 20 mg.

Sedation
Relief of anxiety and lack of recall of unpleasant events 
during minor surgical and diagnostic procedures are the 
primary objectives of good sedation. Appropriately used 
sedation improves patient satisfaction.222 Patients are 
seemingly conscious and coherent during sedation with 
benzodiazepines, yet they are amnesic for the procedure and 
events.226 For this use drugs should be given by titration; 
end points of titration are adequate sedation or dysarthria 
(Table 23.7). The onset of action is rapid with midazolam, 
usually with a peak effect reached within 2 to 3 minutes 
of administration; time to peak effect is slightly longer with 
diazepam and even longer still with lorazepam. The dura-
tion of action of these drugs are dose-dependent. Although 
the onset is more rapid with midazolam than with diazepam 
after bolus administration, the recovery is similar, prob-
ably because both drugs have similar early plasma decay 
(redistribution) patterns.227 (also see Fig. 23.10). With 
lorazepam, sedation and particularly amnesia are slower in 
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onset and are longer lasting than with the other two ben-
zodiazepines.228 Lorazepam is particularly unpredictable 
with regard to duration of amnesia, and this is undesirable 
in patients who wish or need to have recall in the immedi-
ate postoperative period. The degree of sedation, the reliable 
amnesia, and the preservation of respiratory and hemody-
namic function are better with benzodiazepines than with 
other sedative-hypnotic drugs used for conscious sedation. 
When midazolam is compared with propofol for sedation 
during procedures, the two are generally similar except that 
emergence or wake-up is more rapid with propofol. Seda-
tion with propofol is safe in the hands of well-trained non-
anesthetic professionals.229,230

There are studies showing that remimazolam has a 
favorable profile as a sedative for upper gastrointestinal 
endoscopy in patients as the time to recovery was shorter 
and more consistent than that observed after the use of mid-
azolam.188,190 The use of midazolam for sedation during 
regional and epidural anesthesia requires vigilance with 
regard to depth of sedation and respiratory function.231

Two studies report the use of midazolam during cesar-
ean section either for sedation in preeclamptic parturients 
or prevention of nausea and vomiting; they showed that 

a single IV dose of midazolam was a safe practice, with no 
detriment in Apgar scores, neurobehavioral scores, con-
tinuous oxygen saturation, or the ability of the mother to 
recall the birth events.232 Nitsun and associates found that 
0.005% of the maternal dose of midazolam is transferred 
into the breast milk during a 24-hour milk collection.233 
Although verification of these findings is needed, they high-
light an important clinical use of midazolam that may be 
safe for mother and infant.

Sedation for longer periods, such as in the ICU, can also 
be accomplished with benzodiazepines. Prolonged infusion 
may result in accumulation of drug and, in the case of mid-
azolam, significant concentration of the active metabolite. 
Reviews have pointed out both concerns and advantages 
of benzodiazepine sedation.234 The main advantages are 
the amnesia and hemodynamic stability, where the dis-
advantage is the potential lingering sedative effect after 
termination of the infusion when compared with propofol 
and a higher prevalence of delirium compared to dexme-
detomidine. In 2013, the Society of Critical Care Medicine’s 
(SCCM) American College of Critical Care Medicine (ACCM) 
published a revised version of its pain, agitation, and delir-
ium (PAD) clinical practice guidelines for adult ICU patients. 
These guidelines suggest that sedation strategies using non-
benzodiazepine sedatives may be preferred over sedation 
with benzodiazepines, either midazolam or lorazepam, to 
improve clinical outcome in mechanically ventilated ICU 
patients.235 To prevent overdosing and prolonged mechan-
ical ventilation, evidence-based sedation algorithms have 
evolved. Daily interruption of sedation has not proven to 
decrease the time to extubation of the trachea or length of 
hospital stay.236!
Induction and Maintenance of Anesthesia
Midazolam is the benzodiazepine of choice for induction 
of anesthesia. Numerous factors influence the rapidity of 
action of midazolam and the other benzodiazepines when 
used for induction of general anesthesia, including dose, 
speed of injection, degree of premedication, age, ASA 
physical status, and concurrent anesthetic drugs. The 
usual induction dose of midazolam is 0.1 to 0.2 mg/kg 
in premedicated patients, and up to 0.3 mg/kg in unpre-
medicated patients. The onset of anesthesia is within 30 
to 60 seconds. The half-time of equilibrium between the 
plasma concentration and the EEG effects is about 2 to 3 
minutes.237

Elderly patients require smaller doses of midazolam than 
younger patients (Fig. 23.11).238

When midazolam is combined with other anesthetic 
drugs (coinduction), often a synergistic interaction 
occurs, similar to that seen with propofol. This synergy 
is observed when midazolam is used with opioids or other 
hypnotics, similar to propofol in combination with opioids 
(Fig 23.12).20,52,239

Emergence time is related to the dose of midazolam and to 
the dose of adjuvant anesthetic drugs.

Benzodiazepines lack analgesic properties and must be 
used with other anesthetic drugs to provide sufficient anal-
gesia; however, as maintenance anesthetic drugs during 
general anesthesia, benzodiazepines provide hypnosis and 
amnesia. The amnesic period after an anesthetic dose is 
about 1 to 2 hours.

TABLE 23.7 Uses and Doses of Intravenous 
Benzodiazepines

Midazolam Diazepam Lorazepam

Induction 0.05-0.15 mg/kg 0.3-0.5 mg/kg 0.1 mg/kg

Maintenance 0.05 mg/kg prn 0.1 mg/kg prn 0.02 mg/kg prn

1 µg/kg/min

Sedation* 0.5-1 mg 
repeated

2 mg repeated 0.25 mg 
repeated

0.07 mg/kg IM

*Incremental doses given until desired degree of sedation is obtained.
IM, Intramuscular; prn, as required to keep patient hypnotic and amnesic.
From Reves JG, Glass P, Lubarsky DA, et al. Intravenous anesthetics. In: Miller 

RD, Eriksson LI, Fleischer LA, et al, eds. Miller’s Anesthesia, 7th ed. Philadel-
phia: Churchill Livingstone; 2010: 719–768.
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A plasma level of more than 50 to 100 ng/mL occurs 
when used with adjuvant opioids (e.g., fentanyl) or inhaled 
anesthetics (e.g., nitrous oxide, volatile anesthetics) by a 
bolus initial dose of 0.05 to 0.15 mg/kg and a continuous 
infusion of 0.25 to 1 µg/kg/min.240 This plasma level is suf-
ficient to keep the patient asleep and amnesic but arous-
able at the end of surgery. Smaller infusion doses may be 
required in some patients or in combination with opioids. 
Midazolam, diazepam, and lorazepam accumulate in the 
blood after repeated bolus administrations or with con-
tinuous infusion. If the benzodiazepines do accumulate 
with repeated administration, prolonged arousal time can 
be anticipated. This is less of a problem with midazolam 
than with diazepam and lorazepam because of the shorter 
context-sensitive half-time and greater clearance of mid-
azolam. Remimazolam might be a good alternative; it is 

rapidly metabolized and has a faster recovery profile than 
midazolam in sheep.189,190!
Nausea and Vomiting Prophylaxis
Numerous studies have highlighted the role that benzodi-
azepines, and specifically midazolam, may play in the pre-
vention of PONV. A recent meta-analysis on the effect of 
intravenous midazolam on PONV concludes a significant 
decrease in overall PONV and rescue antiemetic drug. Jung 
and colleagues found that in women undergoing middle 
ear surgery, IV midazolam, 0.075 mg/kg after induction of 
anesthesia, reduced the incidence of PONV and the need for 
rescue antiemetics with no difference from placebo in pain 
intensity or drowsiness.241 Furthermore, the combination 
of midazolam with dexamethasone proved more effective in 
preventing PONV than midazolam alone.242 The incidence 
of PONV after minor gynecologic or urologic surgery was 
the same when comparing IV ondansetron, 4 mg, and IV 
midazolam, 2 mg.243

In children, IV midazolam, 0.05 mg/kg, reduced PONV 
significantly after pediatric (4-12 years old) strabismus sur-
gery compared with placebo or IV dexamethasone 0.5 mg/
kg. No child vomited with midazolam alone or with the mid-
azolam dexamethasone combination.244,245

Finally, in a 2010 three-arm, placebo-controlled, double-
blind clinical trial, Fuji and associates compared midazolam 
0.050 mg/kg with 0.075 mg/kg in patients undergoing lap-
aroscopic gynecologic surgery regarding PONV prophylaxis. 
The two doses of midazolam were not significantly different 
with regard to PONV (30% vs. 27% of patients experienced 
PONV) and both proved better than placebo (67%).246!
Side Effects and Contraindications
Benzodiazepines have limited allergenic effects and do not 
suppress the adrenal gland. The most significant side effect 
with midazolam is respiratory depression. The major side 
effects of lorazepam and diazepam in addition to respira-
tory depression are venous irritation and thrombophlebi-
tis, problems related to aqueous insolubility and requisite 
solvents.165 When used as sedative or for induction and 
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maintenance of anesthesia, benzodiazepines may produce 
an undesirable degree or prolonged interval of postopera-
tive amnesia, sedation, and, rarely, respiratory depression. 
These residual effects can be reversed with flumazenil.247!

Flumazenil

Flumazenil (Anexate, Romazicon) is the first benzodiazepine 
antagonist approved for clinical use.248 It is a benzodiazepine 
receptor ligand with high affinity, great specificity, and by 
definition minimal intrinsic effect. Flumazenil, similar to the 
agonists it replaces at the benzodiazepine receptor, interacts 
with the receptor in a concentration-dependent manner. It 
is a competitive antagonist at the benzodiazepine receptor 
and produces antagonism that is reversible and surmount-
able. In humans, flumazenil has minimal agonist activity, 
which means that its benzodiazepine receptor agonist effects 
are very weak, significantly less than those of clinical ago-
nists.249 Flumazenil, similar to all competitive antagonists 
at receptors, does not displace the agonist, but rather occu-
pies the receptor when an agonist dissociates from the recep-
tor. The half-time (or half-life) of a receptor-ligand bond is 
a few milliseconds to a few seconds, and new ligand recep-
tor bonds are immediately formed. This dynamic situation 
accounts for the ability of either an agonist or an antago-
nist to readily occupy the receptor. The ratio of agonist to 
total receptors produces the effects of the agonist drug, but 
the antagonist can alter this ratio, depending on its con-
centration and dissociation constant. Flumazenil, which 
is an avid (high-affinity) ligand, replaces a relatively weak 
agonist, such as diazepam, as long as it is given in sufficient 
dose. Flumazenil is rapidly metabolically cleared, however, 
and the proportion of receptors occupied by the agonist then 
increases again, and the potential for rebound sedation and 
respiratory suppression exists (Fig. 23.13). This situation is 

less likely to occur when flumazenil is used to reverse mid-
azolam, which has a more rapid clearance than other ben-
zodiazepine agonists. Another important finding is that in 
the presence of extremely large doses of agonist (e.g., when 
a mistake in dosing has occurred, or suicide by means of an 
overdose is attempted), a small dose of flumazenil attenuates 
the deep CNS depression (loss of consciousness, respiratory 
depression) by reducing the fractional receptor occupancy 
by the agonist without decreasing the agonist effects that 
occur at low fractional receptor occupancy (drowsiness, 
amnesia).

Conversely, large doses of flumazenil in the presence of 
small doses of agonist completely reverse all the agonist 
effects. Flumazenil can precipitate withdrawal symptoms 
in animals or in humans physically dependent on a benzo-
diazepine receptor agonist.250 However, this is not a prob-
lem when flumazenil is used to reverse clinical effects of 
benzodiazepine receptor agonists applied in the practice of 
anesthesia.

PHYSICOCHEMICAL CHARACTERISTICS

Flumazenil is similar to midazolam and other classic ben-
zodiazepines except for the absence of the phenyl group, 
which is replaced by a carbonyl group (see Fig. 23.8). It 
forms a colorless, crystalline powder; has a dissociation 
constant of 1.7; and has weak but sufficient water solubility 
to permit its preparation in aqueous solution. Its octanol/
aqueous buffer (pH 7.4) partition coefficient is 14, showing 
moderate lipid solubility at pH 7.4.251!

PHARMACOKINETICS

Flumazenil, similar to the other benzodiazepines, is com-
pletely (99%) metabolized in the liver; is rapidly cleared from 
the plasma; and has three known metabolites: N-desmeth-
ylflumazenil, N-desmethylflumazenil acid, and flumazenil 
acid.252 The metabolic end product, that is, flumazenil acid, 
has no pharmacologic activity. The major metabolites iden-
tified in urine are the de-ethylated free acid and its glucuro-
nide conjugate. Flumazenil is a short-lived compound. Box 
23.2 includes a summary of its pharmacokinetics, which 
are described in various clinical settings. The volume of dis-
tribution is high and extravascular distribution is rapid.

Compared with most benzodiazepine receptor agonists, 
flumazenil has a very rapid clearance and short elimination 
half-life.253 Only remimazolam has a more rapid clearance 
and shorter half-life. The plasma half-life of flumazenil is 
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Reversal of benzodiazepines 0.2 mg repeated up to 3 mg
Diagnosis in coma 0.5 mg repeated up to 1 mg

BOX 23.2 Uses and Doses of Flumazenil

From Reves JG, Glass P, Lubarsky DA, et al. Intravenous anesthetics. In 
Miller RD, Eriksson LI, Fleischer LA, et al, eds. Miller’s Anesthesia, 7th ed. 
Philadelphia: Churchill Livingstone; 2010: 719–768.

*The dose required to reverse each benzodiazepine (BZD) depends on 
residual BZD and the particular BZD (i.e., higher doses are required for 
more potent BZDs) (see text).

†The degree of reversal should be titrated by repeating 0.2-mg incre-
ments every 1 to 2 min until the desired level of reversal is achieved.
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about 1 hour—it is the shortest lived of all benzodiazepines 
used in anesthetic practice. The rapid blood clearance of 
flumazenil approaches hepatic blood flow, a finding that 
indicates that liver clearance partially depends on hepatic 
blood flow. Compared with other benzodiazepines, flumaze-
nil has a high proportion of unbound drug; plasma protein 
binding is about 40%. The potential exists for the antago-
nist to be cleared, leaving sufficient concentrations of ago-
nist at the receptor site to cause resedation.254 To maintain 
a constant therapeutic blood level over a prolonged time, 
either repeated administration or a continuous infusion is 
required. An infusion rate of 30 to 60 µg/min (0.5-1 µg/kg/
min) has been used for this purpose.255!

PHARMACODYNAMICS

When given in the absence of a benzodiazepine receptor 
agonist, flumazenil has little discernible CNS effect. When 
given to healthy subjects and patients in clinically relevant 
doses, flumazenil has no effect on the EEG or cerebral metab-
olism. Flumazenil is free of anticonvulsant properties, and 
reverses the anticonvulsant properties of benzodiazepines 
in local anesthetic-induced seizures.256 When administered 
to patients who have benzodiazepine-induced CNS depres-
sion, flumazenil produces rapid and dependable reversal of 
unconsciousness, respiratory depression, sedation, amne-
sia, and psychomotor dysfunction.257 Flumazenil can be 
given before, during, or after the agonist to block or reverse 
the CNS effects of the agonist.

Flumazenil has successfully reversed the effects of benzo-
diazepines like midazolam, diazepam, lorazepam, and fluni-
trazepam. It has also been used successfully to reverse the 
effects of chloralhydrate and cannabis intoxication in chil-
dren, 258,259 carbamazepine and alcohol overdose,260 and 
antihistamines overdose.261 The onset is rapid, with peak 
effect occurring in 1 to 3 minutes, which coincides with the 
detection of C-flumazenil in the human brain.257 Flumaze-
nil reverses the agonist by replacing it at the benzodiazepine 
receptor, and its onset and duration are governed by the law 
of mass action. When flumazenil is given in the presence of 
agonists, there are significant respiratory effects because it 
reverses respiratory depression caused by the agonists (e.g., 
when given to volunteers made apneic with midazolam). 
For example, the reversal of midazolam-induced (0.13 mg/
kg) respiratory depression with flumazenil (1 mg) lasts 3 to 
30 minutes. Other agonists and other doses would have dif-
ferent durations of antagonism of respiratory depression.

Incremental doses up to 3 mg intravenously in patients 
with ischemic heart disease had no significant effect on car-
diovascular variables.257,262 Administration of flumazenil 
to patients given agonists is remarkably free of cardiovas-
cular effects, in contrast to the experience of opioid reversal 
with naloxone.263 Although flumazenil does reverse seda-
tion, it does not increase blood concentrations of catechol-
amines. However, catecholamine levels may increase when 
arousal is more rapid after flumazenil.264 The reversal of 
sedation by midazolam with flumazenil also restores the 
attenuated cardiac baroreflex function.265

In healthy subjects, flumazenil did not alter intraocular 
pressure but reversed the decrease in intraocular pressure 
observed after administration of midazolam (Romazicon 
package insert; www.fda.gov).

Uses and Doses
Application of a benzodiazepine antagonist (see Box 23.2) 
includes the diagnostic and therapeutic reversal of ben-
zodiazepine receptor agonists. For diagnostic use in sus-
pected benzodiazepine overdose, flumazenil may be given 
in incremental IV doses of 0.2 to 0.5 mg up to 3 mg. More 
commonly in anesthesia, flumazenil is used to reverse the 
residual sedation of a patient after administration of a ben-
zodiazepine for premedication of a short surgical procedure, 
conscious sedation, or for general anesthesia. Flumaze-
nil reliably reverses the sedation, respiratory depression, 
and amnesia caused by benzodiazepines. There are dif-
ferential reversal effects on the different agonist actions. 
Flumazenil tends to reverse the hypnotic and respiratory 
effects more than the amnesic effects of the benzodiazepine 
agonist.266,267

The dose varies with the particular benzodiazepine being 
reversed, and the duration of reversal depends on the kinet-
ics of the agonist and of flumazenil. Surveillance is recom-
mended if a long-lasting benzodiazepine is reversed with a 
single administration of flumazenil because of the relatively 
short-lived effect. If a patient shows no signs of recurrent seda-
tion within 2 hours after a 1-mg reversal dose of flumazenil, 
serious recurrent sedation at a later time is unlikely. Fluma-
zenil may be administered by continuous infusion to prevent 
recurrent sedation by longer lasting benzodiazepine receptor 
agonists. The pharmacokinetic profile of flumazenil is unal-
tered in the presence of benzodiazepine agonists (diazepam, 
flunitrazepam, lormetazepam, midazolam) and vice versa.!
Side Effects and Contraindications
Flumazenil has been given in large oral and IV doses with 
remarkably few toxic reactions.257 It is free of local or tissue 
irritant properties, and there are no known organotoxici-
ties. Similar to all benzodiazepines, it apparently has a high 
safety margin, probably higher than the safety margins of 
the agonists, because it does not produce prominent CNS 
depression. In patients using large doses of benzodiazepines 
over several weeks or longer, the administration of fluma-
zenil may elicit symptoms of benzodiazepine withdrawal, 
including seizures.!

Phencyclidines (Ketamine)

HISTORY

Ketamine (Ketalar) was synthesized in 1962 by Stevens and 
was first used in humans in 1965 by Corssen and Domino. 
Ketamine was released for clinical use in 1970 and is still used 
in various clinical settings. It produces dissociative anesthesia 
rather than generalized depression of the CNS through antago-
nistic actions at the phencyclidine (PCP) site of the N-methyl-D-
aspartate receptor (NMDAR). Ketamine is a racemic mixture of 
the isomers R(-)-ketamine and S(+)-ketamine. It usually does 
not depress the cardiovascular and respiratory systems, but it 
does possess some of the adverse psychological effects found 
with the other phencyclidines.268 The S(+)-isomer (Ketanest) is 
3 to 4 times more potent as an analgesic with a faster clearance 
and recovery and with fewer psychomimetic side effects. Still, S- 
ketamine produces—besides analgesia—psychotropic effects, 
cognitive impairment, memory impairment, and a reduced 
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reaction time. Interest in ketamine has increased more 
recently because of its effects on hyperalgesia and opiate tol-
erance, use in chronic pain states, potential neuroprotective 
effects, increasing popularity of total IV anesthesia, and the 
availability in some countries of S(+) ketamine.269 Lastly, ket-
amine receives growing interest because of its antidepressant 
effects.!

PHYSICOCHEMICAL CHARACTERISTICS

Ketamine (Fig. 23.14) has a molecular weight of 238 kD, 
is partially water soluble, and forms a white crystalline salt 
with a pKa of 7.5. It has a lipid solubility 5 to 10 times that 
of thiopental. Ketamine is only 12% bound to proteins. 
Its bioavailability is 93% after parenteral administra-
tion but only 20% after oral use, due to its high first-pass 
metabolism.270!

PHARMACOKINETICS

Ketamine is metabolized by hepatic microsomal enzy-
mes.271,272 The major pathway involves N-demethylation 
to form norketamine (metabolite I), which is then hydroxyl-
ated to hydroxynorketamine, which is further conjugated 
to water-soluble glucuronide derivates and excreted in the 
urine. The activity of the principal metabolites of ketamine 
has not been well studied, but norketamine (metabolite I) 
has significantly less (20%-30%) activity than the parent 
compound. More recent modeling of norketamine suggests 
that it contributes in prolonging the analgesia provided by 
either a bolus or infusion of ketamine, although this conclu-
sion is being questioned.271,273,274 In contrast to previous 
reports, S-norketamine may have a negative contribution 
to S-ketamine-induced analgesia but shows absence of con-
tribution to the cognitive impairment. This may explain 
the observation of ketamine-related excitatory phenomena 
(such as hyperalgesia and allodynia) upon the termination 
of ketamine infusions.271,273,274

Ketamine’s pharmacokinetics have been examined 
after bolus administration of anesthetizing doses (2-2.5 
mg/kg IV), after a subanesthetic dose (0.25 mg/kg IV), 
and after continuous infusion (steady-state plasma level 
2000 ng/mL).

Regardless of the dose, ketamine plasma disappearance 
can be described by a two-compartment model. Table 23.1 
contains the pharmacokinetic values from bolus administra-
tion studies. Of note is the rapid distribution reflected in the 
relatively brief distribution half-life of 11 to 16 minutes (Fig. 
23.15). The high lipid solubility of ketamine is reflected in its 
large volume of distribution of nearly 3 L/kg.272,275 Clearance 

also is high, 890 to 1227 mL/min, which accounts for the 
short elimination half-life of 2 to 3 hours. The mean total body 
clearance (1.4 L/min) is approximately equal to liver blood 
flow. Low-dose alfentanil increases the volume of distribution 
and clearance of ketamine. In addition, alfentanil increases 
the distribution of ketamine into the brain. The pharmaco-
kinetic model of Clements provided the best accuracy when 
used to administer low-dose ketamine to volunteers using a 
target-controlled infusion device. The pharmacokinetics of the 
two isomers is different. S(+) ketamine has a larger elimina-
tion clearance and larger volume of distribution than R(#) 
ketamine. When the pharmacokinetics of S(+) ketamine were 
tested in a target-controlled infusion device for procedures of 
1 hour and in combination with propofol, the authors found 
that the accuracy of the pharmacokinetic parameters was 
improved with a much smaller Vc* (167 mL/kg).276 They also 
noted that ketamine clearance was not normally distributed, 
and this was not related to age. The S(+) enantiomer also 
seems to be more potent in suppressing the EEG than either 
R(#) or the racemic mixture. Ketamine is increasingly being 
given by alternative routes, especially orally and via an intra-
nasal spray. Administration by either of these routes is subject 
to significant first-pass metabolism. The bioavailability via oral 
administration is 20% to 30%, and via the intranasal route 
is approximately 40% to 50%. In clinical and experimental 
studies hyperalgesic responses have been noted after the with-
drawal of S(+)-ketamine.273-275,277,278 Furthermore, no delay 
between concentration and effect has been observed for any of 
the antinociceptive end points. This indicates an almost imme-
diate passage of S(+)- ketamine across the blood-brain barrier 
and rapid receptor kinetics.!

Pharmacodynamics

EFFECTS ON THE CENTRAL NERVOUS SYSTEM

Ketamine produces dose-related unconsciousness and anal-
gesia. Ketamine acts at multiple receptors including the 
NMDAR, opioid receptors, and monoaminergic receptors. 

*Vc (central compartment volume of a three compartment model).
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Fig. 23.15 Simulated time course of plasma levels of ketamine after 
an induction dose of 2 mg/kg. Plasma levels required for hypnosis and 
amnesia during surgery are 0.7 to 2.2 µg/mL, with awakening usually 
occurring at levels less than 0.5 µg/mL.
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At high ketamine concentrations, sigma opioid recep-
tors are also affected, muscarinic receptors are blocked,  
and GABAergic neurotransmission is facilitated. Its most 
important action is the inhibition of NMDAR-mediated 
glutamergic input to the GABAergic system leading to a 
changing excitatory activity in the cortex and limbic sys-
tem that in the end results in unconsciousness. At the spi-
nal cord level, ketamine has potent antinociceptive effects 
on NMDAR and inhibits acetylcholine release.273-275 The 
anesthetized state has been termed dissociative anesthesia 
because patients who receive ketamine alone appear to be 
in a cataleptic state, in contrast with other states of anes-
thesia that resemble normal sleep. Patients anesthetized 
with ketamine have profound analgesia, but keep their 
eyes open and maintain many reflexes. Corneal, cough, 
and swallow reflexes all may be present, but should not be 
assumed to be protective. There is no recall of surgery or 
anesthesia, but amnesia is not as prominent with ketamine 
as with the benzodiazepines. Because ketamine has a low 
molecular weight, a pKa near the physiologic pH, and rela-
tively high lipid solubility, it crosses the blood-brain barrier 
rapidly and has an onset of action within 30 to 60 seconds 
of administration. The maximal effect occurs in about 
1"minute.

After ketamine administration, pupils dilate moderately, 
and nystagmus occurs. Lacrimation and salivation are 
common, as is increased skeletal muscle tone, often with 
coordinated but seemingly purposeless movements of the 
arms, legs, trunk, and head. Although there is great inter-
individual variability, plasma levels of 0.6 to 2 µg/mL are 
considered the minimum concentrations for general anes-
thesia; children may require slightly higher plasma levels 
(0.8-4 µg/mL). The duration of ketamine anesthesia after 
a single IV administration of a general anesthetic dose (2 
mg/kg) is 10 to 15 minutes (see Fig. 23.15), and full ori-
entation to person, place, and time occurs within 15 to 30 
minutes. The S(+) enantiomer enables quicker recovery 
(by a couple of minutes) than the racemic mixture.279,280 
This is due to the smaller dose necessary to produce an equi-
anesthetic effect and to the 10% faster hepatic biotransfor-
mation. Because there is a good correlation between blood 
concentration of ketamine and CNS effect, the relatively 
short duration of action of ketamine is probably due to its 
redistribution from the brain and blood to the other tissues 
in the body.

Concomitant administration of benzodiazepines, which 
is a common practice, may prolong the effect of ketamine. 
When used in combination with a benzodiazepine, the 
S(+) enantiomer was no different in terms of awareness at 
30 minutes, but it was significantly better at 120 minutes 
than the racemic mixture. Analgesia occurs at considerably 
lower blood concentrations than loss of consciousness.

Ketamine provides important postoperative analgesia. 
The plasma level at which pain thresholds are elevated is 
0.1 µg/mL or greater.277,281,282 This means there is a con-
siderable period of postoperative analgesia after ketamine 
general anesthesia, and subanesthetic doses can conse-
quently be used to produce analgesia. Ketamine inhibits 
nociceptive central hypersensitization. Ketamine also 
attenuates acute tolerance after opiate administration. 
The NMDAR plays an important role in the induction of 
hyperalgesia and antinociceptive tolerance as induced by 
opioids. Preventive ketamine administration may thus 

prevent central sensitization and long-lasting enhance-
ment in pain sensitivity as induced by opioids. Ketamine, 
just as other NMDAR antagonists, may thus prevent 
opioid-induced hyperalgesia.283 The primary site of CNS 
action of ketamine seems to be the thalamoneocortical 
projection system. The drug selectively depresses neuro-
nal function in parts of the cortex (especially association 
areas) and thalamus, while stimulating parts of the limbic 
system, including the hippocampus. This process creates 
what is termed a functional disorganization of nonspecific 
pathways in midbrain and thalamic areas. Ketamine acts 
via antagonism of the excitatory glutamatergic NMDA 
receptor. The NMDA receptor has a high expression in 
the temporal cortex, hippocampus, basal ganglia, cerebel-
lum, and brainstem, all regions significantly affected by 
ketamine. There is also evidence that ketamine depresses 
transmission of impulses in the medial medullary reticu-
lar formation, which is important for transmission of 
the affective-emotional components of nociception from 
the spinal cord to higher brain centers. In volunteers 
experiencing heat pain, functional magnetic resonance 
imaging (MRI) studies showed ketamine produced a dose-
dependent effect on pain processing by decreasing activa-
tion of the secondary somatosensory cortex (S2), insula, 
and anterior cingulate cortex. Ketamine occupies opiate 
receptors in the brain and spinal cord, and this property 
could account for some of the analgesic effects.284,285 
The S(+) enantiomer has some opioid µ-receptor activity, 
accounting for part of its analgesic effect. NMDA recep-
tor interaction may mediate the general anesthetic effects 
and some analgesic actions of ketamine. The spinal cord 
analgesic effect of ketamine is postulated to be due to 
inhibition of dorsal horn wide dynamic range neuronal 
activity. In a resting state fMRI study, low-dose ketamine 
induced connectivity changes in brain areas involved in 
motor function, psychedelic effects, and pain process-
ing. Ketamine’s analgesic effect may arise from multiple 
pathways; a decreased connectivity in regions of the pain 
matrix responsible for the perception of pain (pain sens-
ing) and the affective processing of pain. In addition, ket-
amine affected connectivity in brain areas involved in 
endogenous pain inhibition.286,287

Although some drugs have been used to antagonize ket-
amine, no specific receptor antagonist reverses all the CNS 
effects of ketamine.

Ketamine increases cerebral metabolism, CBF, and ICP. 
Because of its excitatory CNS effects, which can be detected 
by generalized EEG development of theta wave activity and 
by petit mal seizure-like activity in the hippocampus, ket-
amine increases CMRO2. There is an increase in CBF, which 
appears higher than the increase in CMRO2 would man-
date. With the increase in CBF and the generalized increase 
in sympathetic nervous system response, there is an 
increase in ICP after ketamine. The increase in CMRO2 and 
CBF can be blocked by the use of thiopental or diazepam. 
Cerebrovascular responsiveness to carbon dioxide seems to 
be preserved with ketamine; reducing PaCO2 attenuates the 
increase in ICP after ketamine.

S(+) ketamine may influence the expression of apopto-
sis-regulating proteins in rat brains 4 hours after cerebral 
ischemia/reperfusion. The neuroprotection observed with 
ketamine may involve antiapoptotic mechanisms in addi-
tion to reducing necrotic cell death.
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In contrast, ketamine and other anesthetics like propofol 
and volatile anesthetics, accentuate apoptosis in the brain 
of newborn animals and cause changes in the morphology 
of dendritic spines. This finding has sparked controversy 
over the use of ketamine in neonates. An editorial in the 
journal Anesthesiology and the Anesthetic and Life Support 
Drugs Advisory Committee of the FDA cautioned changing 
clinical practice based on present available data.

Ketamine, similar to other phencyclidines, produces 
undesirable psychological reactions, which occur dur-
ing awakening from ketamine anesthesia and are termed 
emergence reactions. The common manifestations of these 
reactions, which vary in severity and classification, are 
vivid dreaming, extracorporeal experiences (sense of float-
ing out of body), and illusions (misinterpretation of a real, 
external sensory experience). These incidents of dreaming 
and illusion are often associated with excitement, confu-
sion, euphoria, and fear. They occur in the first hour of 
emergence and usually abate within 1 to several hours. The 
psychic emergence reactions occur secondary to ketamine-
induced depression of auditory and visual relay nuclei, lead-
ing to misperception or misinterpretation of auditory and 
visual stimuli. The incidence of the psychic emergence reac-
tions ranges from 3% to 100%. A clinically relevant range 
is probably 10% to 30% of adult patients who receive ket-
amine as a sole or major part of the anesthetic technique. 
Factors that affect the incidence of emergence reactions are 
age, dose, gender, psychological susceptibility, and con-
current drugs. Pediatric patients do not report as high an 
incidence of unpleasant emergence reactions as do adult 
patients; men also report a less frequent incidence compared 
with women. Larger doses and rapid administration of large 
doses seem to predispose patients to a frequent incidence 
of adverse effects. Finally, certain personality types seem 
prone to the development of emergence reactions. Patients 
who score high in psychotism on the Eysenck Personality 
Inventory are prone to develop emergence reactions, and 
individuals who commonly dream at home are more likely 
to have postoperative dreams in the hospital after ketamine. 
While numerous drugs have been used to reduce the inci-
dence and severity of postoperative reactions to ketamine, 
the benzodiazepines seem to be the most effective group 
of drugs. Next to the undesirable psychological reactions, 
increasingly ketamine is described for its antidepressant 
effects. The dose often used for this indication is 0.5 mg/kg, 
given as a 40-minute infusion. This often results in a dra-
matic mood change within a day, often lasting for 3 to 12 
days. A maintenance dose every 2 to 4 days may lengthen 
this effect.288 The precise mechanism of action of the anti-
depressant effects of ketamine remain unknown.!

EFFECTS ON THE RESPIRATORY SYSTEM

Ketamine has minimal effects on the central respiratory 
drive as reflected by an unaltered response to carbon dioxide. 
There can be a transient (1-3 minutes) decrease in minute 
ventilation after the bolus administration of an induction 
dose of ketamine (2 mg/kg intravenously). Unusually 
large doses can produce apnea, but this is seldom seen. In 
a µ-opioid knockout mouse model, though, at supraspinal 
sites S(+) ketamine interacts with the µ-opioid receptor 
system. This interaction contributes significantly to S(+) 

ketamine-induced respiratory depression and supraspinal 
antinociception.289,290 With the use of adjuvant sedatives 
or anesthetic drugs, respiratory depression may become 
clinically significant. Ketamine depresses ventilatory con-
trol in children especially with bolus doses. Ketamine is 
a bronchial smooth muscle relaxant. When it is given to 
patients with reactive airway disease and bronchospasm, 
pulmonary compliance is improved.

Ketamine is as effective as halothane or enflurane in 
preventing experimentally induced bronchospasm. The 
mechanism for this effect is probably a result of the sym-
pathomimetic response to ketamine, but there are isolated 
bronchial smooth muscle studies showing that ketamine 
can directly antagonize the spasmogenic effects of carba-
chol and histamine. Owing to its bronchodilating effect, 
administration of ketamine can treat status asthmaticus 
unresponsive to conventional therapy. A potential respira-
tory problem, especially in children, is the increased saliva-
tion that follows ketamine administration, which can be 
modulated by an anticholinergic drug such as atropine or 
glycopyrolate.!

EFFECTS ON THE CARDIOVASCULAR SYSTEM

Ketamine increases arterial blood pressure, heart rate, and 
cardiac output in a biphasic manner. It produces a direct 
cardiodepressive, negative inotropic effect next to an indi-
rect stimulatory effect due to activation of the sympathetic 
system. Ketamine causes the systemic release of catechol-
amines, inhibition of the vagal nerve, inhibition of norepi-
nephrine reuptake at peripheral nerves and non-neuronal 
tissues such as the myocardium, and norepinephrine release 
from sympathetic ganglia.291 Cardiodepression precedes 
stimulation after large-dose ketamine administration or 
occurs after repeated administrations when presynaptic cat-
echolamine stores become depleted. Cardiovascular stimu-
lation already occurs after small-dose ketamine infusion 
and is characterized by tachycardia, systemic and pulmo-
nary hypertension, increases in cardiac output, and myo-
cardial oxygen consumption. Whereas the cardiovascular 
stimulatory effects of ketamine generally are dominant, 
after termination of S-ketamine infusion, cardiovascular 
depression may become evident as cardiac output may 
decrease below pre-infusion values.273 The cardiovascular 
stimulatory effects of S(+) ketamine are characterized by an 
increase in the cardiac output of 1 L/min in the presence of 
243 ng/ml S(+) ketamine.273 The cardiovascular stimula-
tory effect of S(+) ketamine is induced very rapidly with a 
half-life for onset/offset of the effect of ketamine on cardiac 
output of 1 to 2 minutes. The increase in hemodynamic 
variables is associated with increased work and myocardial 
oxygen consumption. The healthy heart increases oxygen 
supply by increased cardiac output and decreased coronary 
vascular resistance, so that coronary blood flow is appropri-
ate for the increased oxygen consumption. In patients with 
congenital heart disease, there are no significant changes in 
shunt directions or fraction, or systemic oxygenation after 
ketamine induction of anesthesia. In patients who have 
increased pulmonary artery pressure (as with mitral valvu-
lar and some congenital lesions), ketamine causes a more 
pronounced increase in pulmonary than systemic vascular 
resistance. Ketamine injected directly into the CNS produces 
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an immediate sympathetic nervous system hemodynamic 
response. Ketamine also causes the sympathoneuronal 
release of norepinephrine, which can be detected in venous 
blood. Blockade of this effect is possible with barbiturates, 
benzodiazepines, and droperidol. The centrally mediated 
sympathetic responses to ketamine usually override the 
direct depressant effects of ketamine. Some peripheral ner-
vous system actions of ketamine play an undetermined role 
in the hemodynamic effects of the drug. Ketamine inhibits 
intraneuronal uptake of catecholamines in a cocaine-like 
effect and inhibits extraneuronal norepinephrine uptake.

Stimulation of the cardiovascular system is not always 
desirable, and certain pharmacologic methods have been 
used to block the ketamine-induced tachycardia and sys-
temic hypertension. Probably the most fruitful approach 
has been prior administration of benzodiazepines. Modest 
doses of diazepam, flunitrazepam, and midazolam all atten-
uate the hemodynamic effects of ketamine. It also is possible 
to decrease the tachycardia and hypertension caused by 
ketamine by using a continuous infusion technique with or 
without a benzodiazepine. Inhalation anesthetics and pro-
pofol blunt the hemodynamic effect of ketamine.

Uses
The many unique features of ketamine pharmacology, 
especially its propensity to produce unwanted emergence 
reactions in 10% to 20% of patients, have limited its use for 
routine anesthesia. Nevertheless, ketamine has an impor-
tant niche in the practice of anesthesiology when its unique 
sympathomimetic activity and bronchodilating capabilities 
are indicated during induction of anesthesia. It is used for 
premedication, sedation, induction, and maintenance of 
general anesthesia. There has been increased interest in the 
use of ketamine in small doses for preventive analgesia, for 
the treatment or prevention of opiate tolerance and hyper-
algesia, and in treatment of acute and chronic pain.!
Induction and Maintenance of Anesthesia
The cardiovascular stimulatory effects make ketamine a 
desirable drug for the induction of anesthesia in unstable 
cardiovascular patients suffering from hypovolemia, hem-
orrhagic shock, or cardiovascular depression in sepsis. Ket-
amine bronchodilation and profound analgesia allowing 
the use of high oxygen concentrations make ketamine an 
excellent choice for induction of anesthesia in patients with 
reactive airway disease. Trauma patients with extensive 
blood loss are typical candidates for rapid-sequence anes-
thesia induction with ketamine. Patients with septic shock 
also may benefit from ketamine. The intrinsic myocardial 
depressant effect of ketamine may manifest in this situation 
if trauma or sepsis has caused depletion of catecholamine 
stores before the patient’s arrival in the operating room. Use 
of ketamine in these patients does not obviate the need for 
appropriate preoperative preparation, including restoration 
of intravascular blood volume. Other cardiac diseases that 
can be well managed with ketamine anesthesia are cardiac 
tamponade and restrictive pericarditis. The finding that ket-
amine preserves heart rate and right atrial pressure through 
its sympathetic stimulating effects makes ketamine an excel-
lent anesthetic induction and maintenance drug in this set-
ting. Ketamine also is often used in patients with congenital 
heart disease, especially patients in whom the propensity 

for right-to-left shunting exists. Ketamine has been success-
fully used in a patient susceptible to malignant hyperther-
mia. Ketamine combined with propofol or midazolam can 
be given by continuous infusion to produce satisfactory 
cardiac anesthesia for patients with valvular and ischemic 
heart disease. The combination of a benzodiazepine or of a 
benzodiazepine plus sufentanil with ketamine attenuates 
or eliminates the unwanted tachycardia and hypertension 
and postoperative psychological derangements. With this 
technique, there are minimal hemodynamic perturbations, 
profound analgesia, dependable amnesia, and an unevent-
ful convalescence. The use of propofol plus small-dose ket-
amine also has gained increasing popularity as a total IV 
anesthesia technique for patients undergoing noncardiac 
surgery. The advantages of this combination are mainte-
nance of stable hemodynamics and minimal ventilatory 
depression when allowing spontaneous ventilation.!
Pain Management
Postoperative pain is a major concern of many patients and 
inadequately treated in as many as 30% to 50% of all post-
operative patients. Multimodal analgesia combining vari-
ous analgesic agents that act through different pathways is 
the way to manage postoperative pain. Ketamine is increas-
ingly used as one of the constituents of this multimodal 
analgesia therapy. Over the years the ketamine dose used 
for perioperative analgesia has gradually been decreasing. 
Ketamine administered in small doses decreases postopera-
tive analgesic consumption by 33%. Several meta-analyses 
of the use of small-dose ketamine (20 to 60 mg) periopera-
tively have been performed. These meta-analyses showed 
an overall decrease in opiate use or improved analgesia and 
a decrease in opiate-induced side effects, especially PONV. 
Side effects, especially psychomimetic effects, were mini-
mal, especially if a benzodiazepine also was administered.

The epidural/caudal administration of ketamine (0.5 to 
1 mg/kg) is effective. Although the efficacy of these doses 
of ketamine seems to be established, the safety of this tech-
nique has not yet received regulatory approval. The preser-
vative of racemic mixture is potentially neurotoxic, whereas 
studies to date indicate preservative-free S(+) ketamine may 
be safe. Epidural preservative-free S(+) ketamine has been 
shown to be safe and of value in adjunct to corticosteroids 
in patients for the treatment of chronic low back pain sec-
ondary to radiculopathy.292 The favorable hemodynamic 
effects and conservation of respiration makes intravenously 
and even intranasally administered ketamine useful for 
analgesia after extremity fractures.

The action of ketamine on opiate tolerance and hyperal-
gesia combined with its direct analgesic activity has led to 
its use in chronic pain states. Ketamine may be effective in 
the treatment of cancer pain, chronic peripheral and cen-
tral neuropathic pain, phantom and ischemic limb pain, 
fibromyalgia, complex regional pain syndrome, visceral 
pain, and migraine. Multiple open-label studies conclude 
positively on the analgesic properties of ketamine in cancer 
pain. Randomized controlled trials, though, so far could not 
prove a clinical benefit of ketamine for this indication.293 
Thus, while ketamine is effective for relief of postoperative 
pain, causing reduced opioid consumption, ketamine for 
most other indications appears to have limited efficacy and 
results in no beneficial effects.!
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Sedation
Often, ketamine is combined with premedication of a bar-
biturate or benzodiazepine and an antisialagogue (e.g., gly-
copyrrolate) to facilitate management. The premedications 
reduce the dose requirement for ketamine, and the antisi-
alagogue reduces the sometimes troublesome salivation. In 
adults and children, ketamine can be used as a supplement 
or an adjunct to regional anesthesia, extending the useful-
ness of the primary (local anesthetic) form of anesthesia. 
Also, in the emergency department ketamine is increas-
ingly used for short painful procedures. The dose used then 
is between 0.1 to 0.6 mg/kg. As previously described, ket-
amine also may be considered for sedation of patients in a 
critical care unit because of its combined sedative and anal-
gesic properties and favorable effects on hemodynamics. 
Ketamine can even be used safely in head injury patients 
when they are adequately ventilated.294,295

Ketamine is particularly suitable for sedation of pediat-
ric patients undergoing procedures outside of the operat-
ing room. Pediatric patients have fewer adverse emergence 
reactions than adults, and this feature makes the use of ket-
amine in pediatric patients more versatile.!
Doses and Routes of Administration
Ketamine has been administered intravenously, intramuscu-
larly, transcutaneously, orally, nasally, and rectally, and as 
a preservative-free solution epidurally or intrathecally. Most 
clinical use involves the IV and intramuscular (IM) routes, by 
which the drug rapidly achieves therapeutic concentrations. 
The dose depends on the desired therapeutic effect and on the 
route of administration. Box 23.3 contains general recom-
mended doses for the IV and IM administration of ketamine 
for various therapeutic goals. Intranasal administration has 
an onset closer to IV administration; an oral dose of 3 to 10 
mg/kg generates a sedative effect in 20 to 45 minutes. For 
sedation, ketamine may be given in an IM dose of 2 to 4 mg/
kg. It also has been administered orally in doses of 3 to 10 
mg/kg, with 6 mg/kg providing optimal conditions in 20 to 
25 minutes in one study and 10 mg/kg providing sedation in 
87% of children within 45 minutes in another study.!
Side Effects and Contraindications
Contraindications to ketamine relate to specific phar-
macologic actions and patient diseases. In patients with 

increased ICP and breathing spontaneously, ketamine 
should be used with caution because it can increase ICP 
and has been reported to cause apnea. There is increasing 
clinical use of ketamine in emergency airway management 
in brain injury patients with or without other body injuries. 
In this setting, the current knowledge on safe management 
of increased ICP is continuing to grow.294,295

In mechanically ventilated patients, ketamine retains the 
response of CBF to carbon dioxide, which makes it useful 
in head-injured patients because of its potential neuropro-
tective effect. Ketamine may be contraindicated in patients 
with an open eye injury or other ophthalmologic disorder, in 
which a ketamine induced increase in intraocular pressure 
would be detrimental. Because ketamine has a propensity 
to cause hypertension and tachycardia, with a commen-
surate increase in myocardial oxygen consumption, it may 
be contraindicated as the sole anesthetic in patients with 
ischemic heart disease. Likewise, it is unwise to give ket-
amine to patients with vascular aneurysms because of the 
possible sudden change in arterial blood pressure. Psychiat-
ric disease, such as schizophrenia, and a history of adverse 
reaction to ketamine or one of its congeners also are con-
traindications. One also should consider carefully using 
ketamine when there is a possibility of postoperative delir-
ium from other causes (e.g., delirium tremens, possibility 
of head trauma), and a ketamine-induced psychomimetic 
effect would confuse the differential diagnosis.

As mentioned earlier, ketamine or other NMDA recep-
tor antagonists accentuate apoptosis in the newborn 
brain of animals, and the clinical implications of this are 
unknown. Finally, because ketamine’s preservative—chlo-
robutanol—is neurotoxic, this formulation of ketamine 
for subarachnoid or epidural administration is contrain-
dicated. S(+) ketamine is available in a preservative-free 
solution. The FDA has not approved the use of intrathecal 
or epidural ketamine. Caudal ketamine has been used for 
perioperative analgesia in children and neonates with 0.5 
mg/kg as the optimal dose. Caudal analgesia, by combina-
tions of ketamine and a local anesthetic, prolongs analgesia 
from 2.26 to 5.3 hours and reduces the need for nonopioid 
analgesics.296-300

Lastly, liver and renal toxicity occurs in the recre-
ational abuse of ketamine. In addition, when ketamine is 
repeatedly administered in the treatment of chronic pain 
in patients with complex regional pain syndrome type 1 
(CRPS), hepatotoxicity developed in patients that received 
two 100-hour infusions of S(+)-ketamine with a 16-day 
interval.298,301,302!

Etomidate

HISTORY

The first report on etomidate was published in 1965.303 
Etomidate was introduced into clinical practice in 1972. 
The unique properties of etomidate include hemodynamic 
stability, minimal respiratory depression, cerebral pro-
tection, favorable toxicity profile, and pharmacokinetics 
enabling rapid recovery after either a single dose or a con-
tinuous infusion. In the 1970s, these beneficial properties 
led to widespread use of etomidate for induction, for mainte-
nance of anesthesia, and for prolonged sedation in critically 

Induction of general anesthesia* 0.5-2 mg/kg IV
4-6 mg/kg IM

Maintenance of general 
anesthesia

0.5-1 mg/kg IV with N2O 50% 
in O2
15-45 µg/kg/min IV with N2O 
50%-70% in O2

30-90 µg/kg/min IV without N2O
Sedation and analgesia 0.2-0.8 mg/kg IV over 2-3 min

2-4 mg/kg IM
Preemptive or preventive 
analgesia

0.15-0.25 mg/kg IV

BOX 23.3 Uses and Doses of Ketamine

*Lower doses are used if adjuvant drugs such as midazolam or thiopental 
also are given. IM, Intramuscular; IV, intravenous; N2O, nitrous oxide.

From Reves JG, Glass P, Lubarsky DA, et al. Intravenous anesthetics. In: 
Miller RD, Eriksson LI, Fleischer LA, et al, eds. Miller’s Anesthesia, 7th ed. 
Philadelphia: Churchill Livingstone; 2010: 719–768.
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ill patients. The enthusiasm among clinicians for etomidate 
was tempered in the 1980s by reports that the drug can 
cause temporary inhibition of steroid synthesis after single 
doses and infusions.304,305 This effect, combined with other 
minor disadvantages (e.g., pain on injection, superficial 
thrombophlebitis, myoclonus, and a frequent incidence of 
nausea and vomiting), led to several editorials questioning 
the role of etomidate in modern anesthetic practice.306,307 
Use of the drug decreased after those editorials, but its use 
has expanded again as a result of the rediscovery of etomi-
date’s beneficial physiologic profile and a widening use in 
emergency departments and intensive care departments, 
combined with a lack of novel reports describing clinically 
significant adrenocortical suppression after induction or 
brief duration infusions.!

PHYSICOCHEMICAL CHARACTERISTICS

Etomidate is an imidazole derivative (R-(+)-pentylethyl-
1H-imidazole-5 carboxylate sulfate). Its chemical structure 
is illustrated in Fig. 23.16. Etomidate has a pKa of 4.2 and 
is hydrophobic at physiologic pH. To increase its solubil-
ity it is formulated as a 0.2% solution either in 35% pro-
pylene glycol (Amidate; Hospira Inc., Lafe Forest, IL) or in 
a lipid emulsion (Etomidate-Lipuro; B. Braun, Melsungen, 
Germany).308!

PHARMACOKINETICS

The pharmacokinetics of etomidate have been determined 
after single bolus doses and after continuous infusion. The 
time course of plasma disappearance after a 0.3 mg/kg bolus 
is shown in Fig. 23.17. The pharmacokinetics of etomidate 
are best described by an open three-compartment model.309

The drug has an initial distribution half-life of 2.7 min-
utes, a redistribution half-life of 29 minutes, and an elimina-
tion half-life of 2.9 to 5.3 hours.310 Clearance of etomidate 
by the liver is high (18-25 mL/kg/min), with a hepatic 
extraction ratio of 0.5 ± 0.9.309 Because redistribution is 
the mechanism whereby the effect after a bolus of etomi-
date is dissipated (Box 23.4), hepatic dysfunction should 
not appreciably alter recovery from a single induction dose. 
Etomidate is 75% protein bound.

A hemorrhagic shock model in pigs bled to a MAP of 50 
mm Hg did not alter etomidate pharmacokinetics or phar-
macodynamics.311 This finding contrasts with the marked 
changes seen in this same model with other IV anesthetics. 
In patients with cirrhosis, the volume of distribution is dou-
bled, whereas clearance is normal; the result is an elimina-
tion half-life that is twice normal.312 The initial distribution 

half-life and clinical effect are likely unchanged. Increasing 
age is associated with a smaller initial volume of distribu-
tion and a decreased clearance of etomidate.313

The short elimination half-life and the rapid clearance 
of etomidate make it suitable for administration in a single 
dose, in multiple doses, or in a continuous infusion with its 
context sensitive half-time being shorter than that of propo-
fol.314 Continuous infusion was practiced in the first decade 
of its clinical availability, but the now widely recognized 
adrenal suppression limits this application. Etomidate is 
metabolized in the liver primarily by ester hydrolysis to the 
corresponding carboxylic acid of etomidate (major metabo-
lite) and an ethanol leaving group.315 The main metabolite 
is inactive. Only 2% of the drug is excreted unchanged, the 
remaining part being excreted as metabolites by the kidney 
(85%) and bile (13%). Pathologic conditions altering serum 
proteins (e.g., hepatic or renal disease) affect the amount of 
the free (unbound) fraction and may cause a dose to have 
an exaggerated pharmacodynamic effect.316!

Pharmacodynamics

EFFECTS ON THE CENTRAL NERVOUS SYSTEM

The primary action of etomidate on the CNS is through 
the GABAA receptor and results in hypnosis,317,318 which 
is achieved in one arm–brain circulation after a normal 
induction dose (0.3 mg/kg). The mechanism by which 
etomidate produces hypnosis is almost exclusively through 
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Fig. 23.16 Structure of etomidate, an imidazole derivative.
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Fig. 23.17 Simulated time course of plasma levels of etomidate after 
an induction dose of 0.3 mg/kg. Plasma levels required for hypnosis 
during surgery are 300 to 500 ng/mL, with awakening usually occurring 
at levels less than 225 ng/mL.

Induction of general anesthesia 0.2-0.6 mg/kg IV
Sedation and analgesia Limited to periods of brief seda-

tion because of inhibition of 
corticosteroid synthesis

BOX 23.4 Uses and Doses of Etomidate

IV, Intravenous; N2O, nitrous oxide.
From Reves JG, Glass P, Lubarsky DA, et al. Intravenous anesthetics. In 

Miller RD, Eriksson LI, Fleischer LA, et al, eds. Miller’s Anesthesia, 7th ed. 
Philadelphia: Churchill Livingstone; 2010: 719–768.
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GABAA receptor facilitation.318,319 This includes two effects 
produced by different concentrations of etomidate. The first 
is the positive modulation of the GABAA receptor: activa-
tion of the receptor by agonists at concentrations associated 
with clinical doses. A lower dose of GABA is required in the 
presence of etomidate to activate the GABAA receptor.320 
The second action is called the direct activation or allo-
steric agonism. In supraclinical concentrations etomidate 
can directly, thus in absence of GABA, activate the GABAA 
receptor.321 These two actions suggest two independent 
binding sites at the GABAA receptor.318 These two binding 
sites on the %1$2#2 GABAA receptor contribute equally and 
non-cooperatively to drug interaction and gating effects. At 
a dose of 0.2 to 0.3 mg/kg, etomidate reduces CBF by 34% 
and CMRO2 by 45% without altering MAP. CPP is main-
tained or increased, and there is a beneficial net increase 
in the cerebral oxygen supply-to-demand ratio.322 Etomi-
date, given in doses sufficient to produce EEG burst suppres-
sion, acutely decreases ICP by 50% in patients with already 
increased ICP, returning increased ICP to almost normal 
values.323 The decrease in ICP is maintained in the period 
immediately after intubation. To maintain the effects of 
etomidate on ICP, high infusion rates (60 µg/kg/min) are 
necessary. Controversy remains on the neuroprotective 
qualities of etomidate. There is a dose-dependent increase in 
latency and a decreasing amplitude of the auditory evoked 
potentials.324

Preliminary animal experiments suggest that in a case 
of acute fetal distress and hypoxic injury propofol and 
midazolam may be preferred over etomidate to protect the 
fetal brain as the first choice anesthetic in cesarean deliv-
ery.199,325,326 Etomidate has been associated with grand 
mal seizures and produces increased EEG activity in epilep-
togenic foci. This feature has proven useful for intraopera-
tive mapping of seizure foci before surgical ablation.327,328 
BIS monitor values decrease after etomidate bolus adminis-
tration and return to baseline during recovery.329 During 
etomidate infusion, the BIS values reliably predict the depth 
of sedation and hypnosis.330

Effects on the Respiratory System
Etomidate has less effect on ventilation than other anes-
thetics used to induce anesthesia. It does not induce hista-
mine release in healthy patients or in patients with reactive 
airway disease.331 Ventilatory response to carbon diox-
ide is depressed by etomidate, but the ventilatory drive at 
any given carbon dioxide tension is greater than that fol-
lowing an equipotent dose of methohexital.153 Induction 
with etomidate produces a brief period of hyperventilation, 
sometimes followed by a similarly brief period of apnea,332 
which results in a slight (±15%) increase in PaCO2, but no 
change in the partial pressure of arterial oxygen (PaO2).333 
Etomidate’s action on pulmonary vascular tone is similar 
to the actions observed with ketamine and propofol; that is, 
they attenuate the vasorelaxant responses to acetylcholine 
and bradykinine.334!
Effects on the Cardiovascular System
The hemodynamic stability seen with etomidate is due to 
its lack of effect on the sympathetic nervous system and on 
the function of the baroreceptor. The effect of etomidate 
on the %2-adrenoceptors generates an increase in blood 

pressure in"vivo; this may contribute to the cardiovascular 
stability after induction of anesthesia. The minimal effect 
of etomidate on cardiovascular function sets it apart from 
other rapid-onset anesthetics.335,336 Etomidate has proven 
useful in patients with valvular or ischemic heart disease 
undergoing noncardiac surgery and in patients with poor 
cardiac function.337,338 In patients receiving etomidate dur-
ing induction of anesthesia, more hypertension and tachy-
cardia occurs after etomidate compared to propofol.339 The 
myocardial oxygen supply-to-demand ratio is well main-
tained.340 Etomidate lacks analgesic efficacy, however, and 
needs to be combined with an opiate to prevent hemody-
namic perturbations during laryngoscopy and intubation.

In the setting of a hemorrhagic shock, etomidate provides 
advantages for induction of anesthesia. In contrast to other 
drugs, in a pig model of hemorrhagic shock the pharmaco-
dynamics and pharmacokinetics of etomidate were mini-
mally altered.311!
Endocrine Effects
In 1983 Ledingham and Watt reported retrospective 
data showing increased mortality among intensive care 
patients receiving long-term etomidate infusion compared 
to patients receiving benzodiazepines.304 They postulated 
that adrenal cortical suppression could be the cause of this 
increased mortality.

Soon after this publication, clinical investigators con-
firmed the adrenocortical suppression by etomidate.305,341

The specific endocrine effects manifested by etomi-
date are a dose-dependent reversible inhibition of the 
enzyme 11$-hydroxylase, which results in decreased 
biosynthesis of cortisol. The blockade of the cytochrome 
P450- dependent enzyme 11$-hydroxylase also results in 
decreased mineralocorticoid production and an increased 
formation of intermediaries (11-deoxycorticosterone) (Fig. 
23.18). Subsequent research showed that etomidate is far 
more potent as an inhibitor of steroid synthesis than as a 
sedative hypnotic agent.341,342 The etomidate concentra-
tions associated with adrenal cortical suppression are less 
than 10 ng/mL, which are much lower than the concen-
trations needed for hypnosis (more than 200 ng/mL). The 
disparate concentrations for hypnosis and adrenotoxicity 
may explain the dramatic difference in duration of these 
two actions.57

The concerns about the use of etomidate and etomidate-
induced adrenal toxicity in critically ill patients is still a 
matter of strong debate in the critical care community. A 
Cochrane review in 2015 of single-dose etomidate versus 
other induction agents for endotracheal intubation in criti-
cally ill patients reveals no conclusive evidence that etomi-
date increases mortality.343 As indicated earlier, etomidate 
is associated with suppression of adrenal steroidogenesis, 
which can last up to 72 hours. However, the clinical impact 
of this adrenal suppressive effect is not certain.344

The Corticosteroid Therapy of Septic Shock (CORTI-
CUS) study followed 500 patients with septic shock, who 
were randomized to receive either low-dose corticosteroid 
therapy or placebo. Twenty percent of the patients received 
etomidate. The study concluded that there was no benefit of 
low-dose corticosteroid therapy to long-term outcome.345 
Retrospective analyses of the CORTICUS population sug-
gest that patients receiving etomidate before enrollment 
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had a 28-day mortality significantly higher and that ste-
roid supplements provided no benefit.346,347 Other studies 
designed to evaluate the effect of etomidate on morbidity 
and mortality and hospital and ICU length of stay are not 
conclusive.348-351 In conclusion, the impact of the use of 
a single dose of etomidate in critically ill patients remains 
unclear.!

Uses

INDUCTION OF ANESTHESIA

The induction dose of etomidate is 0.2 to 0.6 mg/kg.352 The 
induction dose is reduced by premedication with an opiate, 
a benzodiazepine, or a barbiturate. Onset of anesthesia after 
a routine induction dose of 0.3 mg/kg of etomidate is rapid 
(one arm–brain circulation). Various infusion schemes have 
been devised to use etomidate as a maintenance anesthetic 
for the hypnotic component of anesthesia in the past. After 
the publications on the adrenocortical suppressive effects of 
etomidate, continuous infusion has been abandoned.

Etomidate is most appropriate in patients with cardiovas-
cular disease, reactive airway disease, intracranial hyper-
tension, or any combination of disorders indicating the 
need for an induction agent with limited or beneficial physi-
ologic side effects. The hemodynamic stability of etomidate 
is unique among the rapid onset anesthetics used to induce 
anesthesia. In multiple studies, etomidate has been used 
for induction in patients with a compromised cardiovas-
cular system who are undergoing coronary artery bypass 
surgery or valve surgery, and in patients requiring induc-
tion of general anesthesia for percutaneous transluminal 

coronary angioplasty, aortic aneurysm repair, and thoracic 
surgery. For cardioversion, the rapid onset, quick recovery, 
and maintenance of arterial blood pressure in these some-
times hemodynamically tenuous patients, combined with 
continued spontaneous respiration, make etomidate an 
acceptable choice.353 Etomidate has been successfully used 
in neurosurgical procedures such as giant aneurysm clip-
pings, making it a reasonable choice during neurosurgical 
induction.354 In addition, etomidate should be considered 
as an anesthetic induction agent to reduce increased ICP 
when maintenance of cerebral or coronary perfusion pres-
sure is also important.

Trauma patients with questionable intravascular vol-
ume status may be well served by an induction of anes-
thesia with etomidate. When using etomidate in trauma 
patients, loss of consciousness by itself can be associated 
with decreased adrenergic output, and controlled ven-
tilation can exacerbate the cardiovascular effects of a 
decreased preload. Both of these factors may cause a signif-
icant decrease in arterial blood pressure during induction 
of anesthesia despite etomidate having no direct cardio-
vascular drug effect.

Short-term sedation with etomidate is useful in hemo-
dynamically unstable patients, such as patients requiring 
cardioversion or patients requiring sedation after an acute 
myocardial infarction or with unstable angina for a minor 
operative procedure.353 When used during electroconvul-
sive therapy, etomidate can produce longer seizures com-
pared with other hypnotics.355,356 Induction of anesthesia 
with etomidate is an independent risk factor in the develop-
ment of an emergence delirium.357

Treatment in Hypercortisolemia
Etomidate has a special place in the treatment of endog-
enous hypercortisolemia. It is proven to be an effective 
parenteral treatment for this indication. In patients with 
unstable hemodynamics, patients with a sepsis, or patients 
with a psychosis, treatment should be performed under 
intensive care conditions.358!
Side Effects
Although etomidate provides stable hemodynamics and 
minimal respiratory depression, it is associated with several 
adverse effects when used for induction, including PONV, 
pain on injection, myoclonic movement, and hiccups. More 
recently, etomidate in a lipid emulsion was associated with 
an equal or an increased incidence of postoperative nausea 
compared with propofol.359-361

The lipid formulation of etomidate is associated with a 
much less frequent incidence of pain on injection, throm-
bophlebitis, and histamine release.362,363 Pain on injection 
may be reduced by injecting lidocaine, 20 to 40 mg imme-
diately before injection of etomidate.

The incidence of muscle movement (myoclonus) and 
of hiccups is highly variable (0%-70%), but myoclonus is 
reduced by premedication with a hypnotic like midazolam 
or a small dose of magnesium 60 to 90 seconds before the 
induction dose of etomidate is given.364,365!
Novel Etomidate Derivatives
Etomidate is a well-known and widely used anesthetic for 
induction of anesthesia. The limitations of etomidate are, as 
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Fig. 23.18 Pathway for the biosynthesis of cortisol and aldoste-
rone. The sites at which etomidate affects cortisol-aldosterone synthe-
sis by its action on 11$-hydroxylase (major site) and 17%-hydroxylase 
(minor site) are illustrated.
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mentioned earlier, adrenocortical suppression, myoclonus, 
and PONV. Modifying etomidate could improve its clini-
cal utility and produce etomidate derivatives with a better 
profile. Methoxycarbonyl etomidate (MOC) is an etomidate 
derivative and is rapidly metabolized to methoxycarbonyl 
etomidate carboxylic acid (MOC-ECA). MOC has almost 
equal hypnotic potency as etomidate, and the duration of 
the induced anesthesia is short due to rapid metabolization 
by nonspecific esterase enzymes. In preclinical studies MOC 
may not act as an inhibitor of adrenal steroid synthesis.366 
The accumulation of metabolites, leading to delayed recov-
ery, makes it less than ideal for infusion.

Carboetomidate, another derivative, contains a five-
membered pyrrole ring instead of an imidazole. In tadpoles 
and rats, carboetomidate reduces the adrenal suppression 
potency by three orders. Carboetomidate has potent hypnotic 
properties by activating GABAA receptors, which causes 
minimal hemodynamic changes.367 Another potential ben-
efit is its inhibition of the 5-HT3 receptor in a rat model; car-
boetomidate may have decreased emetogenic properties.

Another etomidate derivative, methoxycarbonyl-car-
boetomidate (MOC-carboetomidate), combines the favor-
able effects with no adrenal suppression and potency of the 
parent compound, but has a longer duration of action and 
makes it disadvantageous for longer infusions.

Cyclopropyl-methoxycarbonyl metomidate (CPMM) 
and dimethyl-methoxycarbonyl metomidate (DMMM) are 
the newest derivatives of etomidate. They have a higher 
potency and fast recovery time after infusion duration of 
2 hours. So far, they are most promising in animal studies 
and inflammatory sepsis models.!

Dexmedetomidine

HISTORY

The %2-adrenergic receptor agonists have sedative, anx-
iolytic, hypnotic, analgesic, and sympatholytic effects. Its 
potential for use in anesthesia was recognized in patients 
who were treated with clonidine.368 Soon a reduction of 
the minimum alveolar concentration (MAC) of halothane 
by clonidine was described.369 Dexmedetomidine is a more 
selective %2-agonist with a selectivity ratio for the %2-
receptor compared with the %1-receptor of 1600:1, as com-
pared to a ratio of 220:1 for clonidine. It was introduced in 
clinical practice in the United States in 1999 and approved 
by the FDA only as a short-term (<24 hours) sedative for 
mechanically ventilated adult ICU patients. Dexmedeto-
midine is used for prolonged sedation and anxiolysis in the 
ICU, as well as outside of the ICU in various settings, includ-
ing sedation and adjunct analgesia in the operating room, 
sedation in diagnostic and procedure units, and for other 
applications such as withdrawal/detoxification ameliora-
tion in adult and pediatric patients.370,371!

PHYSICOCHEMICAL CHARACTERISTICS

Dexmedetomidine is the S-enantiomer of medetomidine, a 
substance that has been used for sedation and analgesia in 
veterinary medicine for many years.372 It shows a high ratio 
of specificity for the %2-receptor (%2/%1 = 1600:1) compared 

with clonidine (%2/%1 = 220:1), making it a complete %2-
agonist.373 The pKa is 7.1. Dexmedetomidine belongs to the 
imidazole subclass of %2-receptor agonists, similar to cloni-
dine, and its structure is illustrated in Fig. 23.19. It is freely 
soluble in water and available as a clear isotonic solution 
containing 100 µg per mL and 9 mg sodium chloride per mL 
of water. Before infusion, this solution is diluted to a con-
centration of 4 µg/mL or 8 µg/mL by adding either saline, 
5% glucose, mannitol, or Ringer lactate solution. It is not to 
be combined with amfoteracine B, amfoteracine B in lipo-
somes, diazepam, phenytoin, gemtuzumab, irinotecan, or 
pantoprazole.!

METABOLISM AND PHARMACOKINETICS

Dexmedetomidine undergoes almost complete biotrans-
formation with very little unchanged dexmedetomidine 
excreted in urine and feces. Biotransformation involves 
both direct glucuronidation as well as cytochrome P450–
mediated metabolism. The major metabolic pathways of 
dexmedetomidine are: direct N-glucuronidation to inac-
tive metabolites, hydroxylation (mediated primarily by 
CYP2A6), and N-methylation. Polymorphism in CYP2A6 
does not influence clinical dosing regimens.374 Dexmedeto-
midine is 94% protein bound, and its concentration ratio 
between whole blood and plasma is 0.66. Dexmedetomidine 
has effects on cardiovascular variables, potentially caus-
ing bradycardia, transient hypertension or hypotension, 
and may alter its own pharmacokinetics. With large doses, 
there is marked vasoconstriction, which probably reduces 
the drug’s volumes of distribution. The observed hyperten-
sion may be avoided by decreasing the loading dose or by 
increasing the time of administration.

In essence, dexmedetomidine displays nonlinear phar-
macokinetics.375 Its pharmacokinetics in volunteers are 
best described by a three-compartment model (see Table 
23.1). Many subsequent studies in various patient popula-
tions have investigated the clinical pharmacokinetics and 
pharmacodynamics, the results of which are reviewed and 
summarized by Weerink and colleagues.376 One of the find-
ings is that the bodyweight adjustment dosing that is cur-
rently applied is only justified in a non-obese population. 
For obese patients, fat-free mass may be more appropriate, 
but this is still subject to investigation.

In subjects with varying degrees of hepatic impairment 
(Child-Pugh Class A, B, or C), clearance values for dexme-
detomidine are slower than in healthy subjects. The mean 
clearance values for patients with mild, moderate, and 
severe hepatic impairment are 74%, 64%, and 53% of those 
observed in the normal healthy subjects, respectively.

The pharmacokinetics of dexemedetomidine are not 
influenced by renal impairment (creatinine clearance 
<30 mL/min) or age. In patients with severe renal dis-
ease, the sedative effect may be stronger, due to a lower 
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Fig. 23.19 Chemical structure of dexmedetomidine.
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degree of plasma protein binding. Clearance is a function of 
height.375,377 The elimination half-life of dexmedetomidine 
is 2 to 3 hours, with a context-sensitive half-time ranging 
from 4 minutes after a 10-minute infusion to 250 minutes 
after an 8-hour infusion. Postoperative patients sedated 
with dexmedetomidine display similar pharmacokinetics to 
the pharmacokinetics seen in volunteers.378 No clinically 
relevant cytochrome P450–mediated drug interaction has 
been found.!

PHARMACOLOGY

Dexmedetomidine acts as a nonselective %2-agonist on 
membrane bound G-protein coupled %2- adrenoreceptors. 
Intracellular pathways include inhibition of adenylate 
cyclase and modulation of calcium and potassium ion 
channels. Three subtypes of %2 adrenoreceptors have been 
described in humans: %2A, %2B, and %2C (Fig. 23.20).379 The 
%2A adrenoreceptors are primarily distributed in the periph-
ery, whereas %2B and %2C are in the brain and spinal cord. 
Postsynaptically located %2 adrenoreceptors in peripheral 
blood vessels produce vasoconstriction, whereas presyn-
aptic %2 adrenoreceptors inhibit the release of norepineph-
rine, potentially attenuating the vasoconstriction. The 
overall response to %2 adrenoreceptor agonists is related to 
the stimulation of %2 adrenoreceptors located in the CNS 
and spinal cord. These receptors are involved in the sym-
patholysis, sedation, and antinociceptive effects of %2 adr-
enoreceptors.380 The %2 agonists have the advantage that 
their effects are readily reversible by %2-adrenergic antago-
nists (e.g., atipamezole).381 Atipamezole is currently not 
approved for use in humans.!

Effects on the Central Nervous 
System

SEDATION

The %2 agonists produce their sedative-hypnotic effect by an 
action on %2 receptors in the locus caeruleus and an anal-
gesic action at %2 receptors within the locus caeruleus and 
within the spinal cord.382 Dexmedetomidine produces a 
decrease in activity of the projections of the locus caeruleus 
to the ventrolateral preoptic nucleus. As a result GABAer-
gic and galanin release in the tuberomammillary nucleus 
is increased, producing a decrease in histamine release in 
cortical and subcortical projections.383 The %2 agonists 
inhibit ion conductance through L-type or P-type calcium 
channels and facilitate conductance through voltage-gated 
calcium-activated potassium channels. Dexmedetomi-
dine induces sedation through different receptors than the 
sedative drugs propofol or benzodiazepines, which exert 
their action through the GABA system. The sedative effect 
of dexmedetomidine acts through the endogenous sleep- 
promoting pathways, generating natural sleep patterns 
(Fig. 23.21).384 Patients have been described as being very 
easy to wake up and having the ability to follow commands 
and cooperate while being tracheally intubated. Undis-
turbed, patients were noted to fall asleep momentarily.385 
This characteristic allows for “daily wake up” tests to be 
done in a safe fashion. This critical test—when ventilated 
ICU patients are taken off all sedatives to assess their men-
tal status and titrate sedation—shortens their ventilated 
and ICU length of stay.386,387 The plasma concentration at 
which significant yet rousable sedation is achieved is about 
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0.2 to 0.3 ng/mL. Unarousable deep sedation is thought to 
occur at plasma concentrations above 1.9 ng/mL.388

The number of patients experiencing delirium in the ICU 
is significantly lower when sedated with dexmedetomidine, 
compared to propofol or lorazepam,389 or midazolam.390

Although the precise mechanism by which dexmedeto-
midine preserves cognition is still unclear, there are data 
that suggest that the suppression of %5 #-aminobutyric acid 
type A receptor expression after exposition to an anesthetic 
may play a role.391!

ANALGESIA

The analgesic effect of the %2 agonists is mediated through 
stimulation of the %2C and %2A receptor in the dorsal horn, 
directly suppressing pain transmission by reducing the 
release of pronociceptive transmitters, substance P and glu-
tamate, and hyperpolarization of interneurons.392 Systemic 
use of dexmedetomidine has an opioid sparing effect during 
surgery and postoperatively.393 This is advantageous in 
patients who are prone to postoperative apnea or hypoven-
tilation, as with patients undergoing bariatric surgery.394 
In the postoperative ICU setting, narcotic requirements 
are reduced by 50% when patients are receiving a dexme-
detomidine drip compared with placebo.385 During general 
anesthesia, it reduces the MAC of inhaled anesthetics.395,396

Like clonidine, dexmedetomidine is frequently used as an 
adjuvant in central or peripheral neural blockade. When 
administered caudally, 1 µg/kg as adjuvant to bupivacaine 
0.25% 1 mL/kg, in children undergoing inguinal hernia 

repair, response to hernial sac traction is reduced and post-
operative analgesia is prolonged.397 Dexmedetomidine has 
been investigated in volunteers when administered as an 
adjuvant to ropivacaine in ulnar nerve block398 and tibial 
nerve block.399 Both studies showed intensification and 
foremost prolongation of the sensory blockade. This effect is 
likely elicited by prolonged hyperpolarization of the unmy-
elinated C-fibers (sensory), and to a lesser extent of the 
A-fibers (motor function).!

Central Nervous System 
Protection and Other Central 
Nervous System Effects

The CNS protective effects are not well defined. Dexmedeto-
midine in animal models of incomplete cerebral ischemia 
and reperfusion reduces cerebral necrosis and improves 
neurologic outcome. The prevalent idea is that dexmedeto-
midine reduces the intracerebral catecholamine outflow 
during injury. The neuroprotection may be attributed to 
modulation of proapoptotic and antiapoptotic proteins.400 
Also, the reduction of the excitatory neurotransmitter glu-
tamate during injury may explain some of the protective 
effects.401

In patients undergoing transsphenoidal hypophysec-
tomy, dexmedetomidine has no effect on lumbar cerebral 
fluid pressure.402 In other studies, CBF velocity at the mid-
dle cerebral artery, as measured by transcranial Doppler, 
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decreased with increasing concentrations of dexmedetomi-
dine but CO2 responsiveness and autoregulation were pre-
served.403,404 The decrease in CBF is not accompanied by a 
reduction in CRMO2. More recently, in a study in six nor-
mal volunteers, the administration of dexmedetomidine to 
achieve serum levels of 0.6 ng/mL and 1.2 ng/mL (with and 
without hyperventilation) produced the predicted reduc-
tion of CBF with a concomitant reduction in CRMO2.405 
This finding suggests that on the maintenance of the cere-
bral oxygen supply-to-demand relationship, further work 
in injured brains needs to be done.

Dexmedetomidine has been used in neurosurgical pro-
cedures involving neurophysiologic monitoring. Cortical 
evoked potentials, amplitudes, and latencies were mini-
mally affected when using dexmedetomidine intraop-
eratively. It may also be suitable as an anesthetic adjunct 
during seizure surgery, since the epileptiform activity of sei-
zure foci was not reduced by dexmedotomidine.406

EFFECTS ON THE RESPIRATORY SYSTEM

In spontaneous breathing volunteers, dexmedetomi-
dine at concentrations producing significant sedation 
reduces minute ventilation, but results in no change in 

arterial oxygenation, pH, or the slope in the CO2 ventilatory 
response curve. In a study comparing the effects of remifen-
tanil and dexmedetomidine on respiratory parameters in 
normal volunteers, the hypercapnic ventilatory response 
was unaffected even at doses that produced unresponsive-
ness to vigorous stimulation.407 Dexmedetomidine exhib-
ited a hypercarbic arousal phenomenon, which has been 
described during normal sleep.!

EFFECTS ON THE CARDIOVASCULAR SYSTEM

Ebert and colleagues performed a study in volunteers using 
a target-controlled infusion system to provide increasing 
concentrations (0.7 to 15 ng/mL) of dexmedetomidine (Fig. 
23.22). The lowest two concentrations produced a decrease 
in MAP (13%) followed by progressive increase (12%). 
Increasing concentrations of dexmedetomidine also pro-
duce progressive decreases in heart rate (maximum 29%) 
and cardiac output (35%). The most commonly reported 
hemodynamic adverse reactions associated with dexme-
detomidine in a phase III trial in 401 patients were hypoten-
sion (30%), hypertension (12%), and bradycardia (9%).372 
The initial increase in arterial blood pressure is probably 
due to the vasoconstrictive effects of dexmedetomidine 
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when stimulating peripheral %2 receptors. The incidence of 
hypotension and bradycardia may be related to the admin-
istration of a large intravenous “loading” dose. Omitting 
the loading dose or not giving more than 0.4 µg/kg reduces 
the incidence of hypotension or makes it less pronounced. 
Giving the loading dose over 20 minutes also minimizes the 
transient hypertension.408 In several studies after IM and 
IV administration, dexmedetomidine caused, in a small 
percentage of patients, profound bradycardia (<40 beats/
min) and occasionally sinus arrest/pause. Generally, these 
episodes resolved spontaneously or were readily treated 
without adverse outcome by anticholinergics. No rebound 
effects have been found when discontinuing a dexmedeto-
midine infusion, even when it was given for more than 24 
hours.409 As clonidine and dexmedetomidine have shown 
to reduce perioperative oxygen consumption and blunt the 
sympathetic response to surgery, cardiac outcome may be 
improved.410,411 However, more studies are needed to deter-
mine whether dexmedetomidine is beneficial in decreasing 
the risk of myocardial ischemia.!

USES

Dexmedetomidine has been approved as a short-term 
sedative for adult intubated patients in the ICU. Given its 
well-documented beneficial effects of anxiolysis, sedation, 
analgesia, and sympatholysis with minimal respiratory 
depression, it also has been used in various other clinical 
scenarios. It is registered for use as a sedative during radio-
logical or invasive procedures. Two studies, comprising 
140 children 1 to 7 years old, reported successful sedation 
for MRI scans compared with midazolam or propofol.412 For 
a thorough review of a wide range of studies on various pro-
cedures under sedation in different populations, we refer to 
Gerlach et"al.413

As a premedicant, dexmedetomidine, at IV doses of 0.33 
to 0.67 µg/kg given 15 minutes before surgery, seems effi-
cacious, while minimizing the cardiovascular side effects of 
hypotension and bradycardia.396 Dexmedetomidine has a 
high bioavailability when administered nasally or buccally. 
This improves compliance and absorption in younger chil-
dren. A dose of 3 to 4 µg/kg 1 hour before surgery is safe 
and effective.

In a study comparing the efficacy of dexmedetomidine or 
propofol as a sedative agent in a group of 40 patients receiv-
ing local anesthesia or regional blocks, dexmedetomidine (1 
µg/kg given over 10 minutes) when used for intraoperative 
sedation resulted in a slower onset than propofol (75 µg/kg/
min for 10 minutes) but had similar cardiorespiratory effects 
when titrated to equal sedation. The average infusion rate of 
dexmedetomidine intraoperatively to maintain a BIS value of 
70 to 80 was 0.7 µg/kg/min. Sedation was more prolonged 
after termination of the infusion, as was recovery of arterial 
blood pressure. Dexmedetomidine can also produce pro-
found sedation, and it has been used as a total IV anesthetic 
when given at 10 times the normal sedation concentration 
range.414 This characteristic, combined with the coopera-
tive status of the patient at a lighter sedative level, and its 
analgesic effect with sparing of respiratory function, makes 
the drug suitable as a hypnotic during surgical procedures 
like awake craniotomy, deep brain stimulation, surgery near 
speech areas, or awake carotid endarterectomies, with fewer 

fluctuations from the desired sedation level and more stable 
hemodynamics.403 A recent study shows that dexmedeto-
midine may be advantageous by improving the quality of 
emergence from general anaesthesia in avoiding coughing, 
agitation, hypertension, tachycardia, and shivering. This 
may be achieved by administration of dexmedetomidine 1 
µg/kg intravenously at the end of surgery. Time to extubation 
is not prolonged.415 The opioid-sparing effects are advanta-
geous in the performance of bariatric surgery in patients who 
are prone to postoperative respiratory depression.394

Dexmedetomidine can be employed for addiction treat-
ment; it has been described for use in rapid opioid detoxi-
fication, cocaine withdrawal, and iatrogenic-induced 
benzodiazepine and opioid tolerance after prolonged seda-
tion.416 The use in opioid/benzodiazepine withdrawal ther-
apy in pediatric patients during mechanical ventilation in 
intensive care areas has been described as well.417

Dexmedetomidine may produce dry mouth due to a 
decrease in salivation. Combined with the sparing effect on 
respiratory function, this effect is beneficial for the facilita-
tion of awake fiberoptic intubation, an application which 
is rapidly emerging.418 Furthermore, dexmedetomidine 
decreases intraocular pressure and decreases the shivering 
threshold.419

The role of general anaesthesia in oncological surgery is 
still under debate. Studies of the in"vitro and in"vivo effects 
on lung carcinoma and neuroglioma cell lines have shown 
that dexmedetomidine enhanced cancer proliferation and 
migration, primarily by the upregulation of anti-apoptotic 
proteins. The clinical relevance of these findings remains to 
be determined.163a!

INTENSIVE CARE UNIT

Dexmedetomidine may have advantages over propofol for 
sedation in mechanically ventilated postoperative patients. 
Heart rate was slower in the dexmedetomidine group, 
whereas MAP was similar. The PaO2/FiO2 ratio was sig-
nificantly higher in the dexmedetomidine group. Time to 
extubation of the trachea after discontinuation of the infu-
sion was similar at 28 minutes. Patients receiving dexme-
detomidine had greater recall of their stay in the ICU, but 
all described this as pleasant overall.421 Several other stud-
ies have confirmed the decreased requirement for opioids 
(>50%) when dexmedetomidine is used for sedation com-
pared with propofol or benzodiazepines. Hemodynamics 
during weaning are more stable, which benefits patients 
with high risk for myocardial ischemia.422 For sedation in 
the ICU, loading doses of 0.5 to 1 µg/kg have been used. 
Omitting the bolus dose or giving the lower dose has been 
associated with fewer episodes of severe bradycardia and 
other hemodynamic perturbations. Infusion rates of 0.1 to 
1 µg/kg/h are generally needed to maintain adequate seda-
tion. Delirium in the ICU is a risk factor for increased length 
of stay and increased mortality.423 In a double-blind, ran-
domized controlled trial of sedation in ventilated patients 
with dexmedetomidine versus lorazepam, it was found 
that using dexmedetomidine infusions provided more days 
alive without delirium or coma and a greater amount of 
time spent at the appropriate sedation level compared with 
lorazepam.389 It also improved the patient’s ability to com-
municate pain, compared to midazolam or propofol in two 
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recent trials.386 The unique characteristics of dexmedeto-
midine, that is providing adequate sedation with minimal 
respiratory depression, make this selective %2-adrenoceptor 
agonist very useful when weaning patients from the ven-
tilator.424 While the FDA approved the use of dexmedeto-
midine infusions for 24 hours or less, multiple studies have 
shown the safety of using this agent for longer periods, even 
up to 30 days.390!

Droperidol

HISTORY

Janssen298,301 synthesized haloperidol, the first member of 
the butyrophenones, which became the primary neurolep-
tic component in neuroleptanesthesia. In 1959, DeCastro 
and Mundeleer combined haloperidol with phenoperidine 
(a meperidine derivative also synthesized by Janssen) in the 
forerunner to the practice of neuroleptanesthesia. Droperi-
dol, a derivative of haloperidol, and fentanyl (a phenoperi-
dine congener), both synthesized by Janssen, were used by 
DeCastro and Mundeleer in a combination they reported to 
be superior to haloperidol and phenoperidine. This neuro-
leptanesthesia combination produced more rapid onset of 
analgesia, less respiratory depression, and fewer extrapyra-
midal side effects. The fixed combination of droperidol and 
fentanyl, marketed as Innovar in the United States, was 
the drug primarily used for neuroleptanesthesia. The use 
of neuroleptanesthesia has largely disappeared in modern 
anesthetic practice. The primary use of droperidol in anes-
thesia has been as an antiemetic and to a lesser extent as a 
sedative and antipruritic. In addition, droperidol is used as 
an antipsychotic agent and to reduce agitation.425

In 2001, the FDA issued a black box warning regarding 
the use of droperidol and its potential for fatal arrhythmias 
and recommended that it be administered only during con-
tinuous electrocardiogram monitoring. With the with-
drawal of droperidol in certain countries and more stringent 
labeling regarding potentially lethal dysrhythmias in oth-
ers, the use of droperidol has decreased markedly. The 
validity of the risk of low-dose droperidol in causing QT pro-
longation, dysrhythmias, and death has been challenged 
by numerous editorials, articles, and letters reviewing the 
cases that prompted this action.298,426-430 In Europe, 19 
out of 25 countries with council members in the European 
Society of Anesthesiologists reported that droperidol is reg-
ularly used in a dosage of 0.5 to 2.5 mg for the prevention of 
PONV. Furthermore, in 2007, an international consensus 
panel recommended droperidol despite the FDA warning as 
a first-line antiemetic.298,431

Droperidol is a butyrophenone, a fluorinated derivative of 
phenothiazines (Fig. 23.23). Butyrophenones produce CNS 
depression, characterized by marked apparent tranquility 

and cataleptic immobility and are potent antiemetics. Dro-
peridol is a potent butyrophenone, and, similar to the oth-
ers, it produces its action centrally at sites where dopamine, 
norepinephrine, and serotonin act.298,432 It has been postu-
lated that butyrophenones may occupy GABA receptors on 
the postsynaptic membrane, reducing synaptic transmis-
sion and resulting in a build-up of dopamine in the synap-
tic cleft. In particular, droperidol results in a submaximal 
inhibition of the GABAA %1, $1, and #2 acetylcholine recep-
tors and full inhibition of %2 acetylcholine receptors. This 
submaximal inhibition of GABA receptors by droperidol 
may explain the anxiety, dysphoria, and restlessness that 
may occur with its administration.298,433 An imbalance in 
dopamine and acetylcholine is thought to occur with sub-
sequent alteration in normal transmission of signals in the 
CNS. The chemoreceptor trigger zone is the emetic center, 
and “red” astrocytes transport neurolept molecules from 
the capillary to dopaminergic synapses in the chemorecep-
tor trigger zone, where they occupy GABA receptors. This is 
thought to be the mechanism by which droperidol exerts its 
antiemetic effect.!

PHARMACOKINETICS

Droperidol is biotransformed in the liver into two primary 
metabolites. Its plasma decay can be described by a two-
compartment model. The pharmacokinetics298,434 is shown 
in Table 23.1.!

Pharmacodynamics

EFFECTS ON THE CENTRAL NERVOUS SYSTEM

The effects of neurolept anesthetics on human CBF and 
CMRO2 have not been studied. In dogs, droperidol causes 
potent cerebral vasoconstriction, producing a 40% reduc-
tion in CBF. No significant change in CMRO2 occurs during 
droperidol administration. The EEG in conscious patients 
shows some reduction in frequency, with occasional slow-
ing. Low-dose droperidol also has been shown to cause 
balance disturbances at the time of discharge after doses 
used for antiemetic prophylaxis. Droperidol may produce 
extrapyramidal signs and worsen symptoms of Parkinson 
disease, which is why the drug should be used with great 
caution in patients with this degenerative disorder. It also 
rarely may precipitate malignant neuroleptic syndrome.!

EFFECTS ON THE RESPIRATORY SYSTEM

When used alone, droperidol has little effect on the respi-
ratory system. Droperidol (0.044 mg/kg) given to surgical 
patients produced a slight reduction in respiratory rate, 
and IV droperidol (3 mg) had no significant effect on tidal 
volume in volunteers. More detailed respiratory studies are 
unavailable.!

EFFECTS ON THE CARDIOVASCULAR SYSTEM

Similar to most antipsychotics, droperidol may prolong the 
QT interval by delaying myocardial repolarization and pre-
cipitating torsades de pointes.298,435 This seems to be dose 
dependent and may be of clinical significance when other 
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Fig. 23.23 Structure of droperidol, a butyrophenone derivative.
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causes of QT prolongation also are present. Droperidol also 
may possess some antiarrhythmic effects that are similar to 
those of quinidine. Droperidol produces vasodilation with 
a decrease in blood pressure (see Table 23.3). This effect is 
considered to be a result of moderate %-adrenergic blockade. 
The dopamine-induced increase in renal blood flow (renal 
artery flowmeter methodology) is not significantly impaired 
by administration of droperidol. Droperidol has little effect 
on myocardial contractility.!

USES

Use of droperidol today in the perioperative period is largely 
restricted to its antiemetic and sedative effects. It is an effec-
tive antiemetic; the dose for this use ranges from 10 to 20 µg/
kg IV (typically 0.6-1.25 mg for a 70-kg individual).298,436 
Because droperidol in dosages below 1 mg produce anti-
emetic effects and because the cardiac side effects may be 
dose-dependent, an IV dose below 1 mg for prevention of 
PONV is advisable.437 These doses of droperidol, given at 
the start of anesthesia for operations lasting 1 hour, reduce 
the incidence of nausea and vomiting by about 30%. These 
doses given at induction have little effect on wake-up time, 
but should they be given at the end of surgery, there could be 
some residual hypnotic effect. Overall, antiemetic efficacy of 
droperidol alone is equal to that of ondansetron and results 
in an equal number of side effects, but droperidol is more 
cost-effective. The efficacy of droperidol as an antiemetic 
is enhanced when used in combination with serotonin 
antagonists or dexamethasone, or both. Droperidol also has 
been shown to be effective in the treatment and prevention 
of pruritus secondary to opioid administration. It has been 
given intravenously and into the epidural space for this pur-
pose. When used in this fashion, droperidol also effectively 
reduces nausea, but it increases sedation. The safety of dro-
peridol administration into the epidural space has not been 
fully evaluated, however, and it is not approved for admin-
istration via this route.!

Summary

Many different IV drugs are available for use in the care 
of patients requiring general anesthesia or sedation. The 
selection of a particular drug, but more often of a combi-
nation of drugs, must be based on the individual patient’s 
need for hypnosis, amnesia, and analgesia. Drug selection 
must match the physiology and/or pathophysiology of the 
individual patient with the pharmacology of the particu-
lar drug(s). In addition, based on the pharmacokinetic and 
pharmacodynamic interactions now described, optimal 
dosage of hypnotic-analgesic combinations may be selected. 
A patient in shock who requires induction of anesthesia 
should receive the drug that produces rapid onset of effect 
without causing further hemodynamic compromise. The 
knowledge of the clinical pharmacology of each of the IV 
anesthetic drugs enables the clinician to induce and main-
tain sedation or general anesthesia safely and effectively. 
There is no single perfect drug for any particular patient, 
but rather the informed practitioner wisely employs the 
appropriate drug or drugs in the practice of good anesthesia 
care.
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