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We are honored to present Total Intravenous Anesthesia and Target Controlled Infusion. This
book is a testament to the passion and expertise of the contributing authors who are all
committed to the field of intravenous anesthesia and target controlled infusion. The author
list reads like a “Who’s who” of anesthetic pharmacology, and includes experts from diverse
disciplines and specialties, from 20 countries around the world. We are very appreciative of
and honored by their efforts and extend a sincere “thank you” to each author.

This book is a unique contribution to the field. It is the first to address these topics in a
comprehensive manner. Each chapter was written by a specialist in that particular area and is
intended to be of value to all providers of intravenous sedation and anesthesia. It may be read
cover to cover, or read ad hoc, one chapter at a time, out of succession. There is intentional,
albeit minimal, repetition of topics. The repetition is intended not only to consolidate impor-
tant information for the reader but also to convey relevant information for those who may not
be reading the book cover to cover. Even when there is “repetition,” it is presented in a
different style by each of the individual authors, which in most cases masks the repeated
elements.

We wish our readers much reading pleasure. Our primary goal is to help improve the care of
patients worldwide, and we trust that this book, which represents a true international collabo-
ration among multiple specialists, will be a timeless resource for clinicians and researchers
working in the field of intravenous delivery of sedation and anesthesia.
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John William Sear

Among the first reports of the intravenous injection of drugs
are those describing the studies of Wren and Major
[1, 2]. They injected opium dissolved in water into the
venous system of a dog, which caused it to be stupefied but
did not kill it! Despite this observation made more than
350 years ago, the history of clinical intravenous anesthesia
does not really become significant before the late nineteenth
century.

The delivery of drugs by the intravenous route requires
specific equipment; and for this, we must be grateful for the
development of the hollow needle by Francis Rynd in 1845,
and the syringe in 1853 by Charles Gabriel Pravaz. The latter
was not initially designed for intravenous drug administra-
tion but rather for the delivery of perineural and intra-arterial
injections. More recently the development of target-
controlled infusion delivery regimens aimed at achieving
given plasma or effect-site target drug concentrations has
usually required dedicated infusion apparatus linked to com-
puter systems that control the rate of drug dosing.

Among the earliest pioneers studying the delivery of
intravenous anesthesia to patients was Pierre-Cyprian Ore
(Professor of Physiology, University of Bordeaux), who, in
1872, reported 36 cases of anesthesia using chloral hydrate
as an intravenous anesthetic in the treatment of patients with
tetanus, to the Societe Chirugicale de Paris [3]. Despite his
enthusiasm, these early attempts at intravenous anesthesia
(IVA) were associated with a high incidence of mortality. As
a result, this delayed the further development of IVA until
the beginning of the twentieth century.

1909 saw the development of hedonal (a urethane deriva-
tive) which was used for the treatment of insomnia.
Krawkow and Fedoroff described its role to provide general
anesthesia [4, 5]. They described this as the ‘“first
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intravenous agent that produced fairly adequate surgical
anesthesia with a moderate degree of safety.” However, the
agent was not sufficiently water soluble, and resulting
“weak” solutions acted very slowly to produce anesthesia,
and had a long duration of effect. Hence the search for other
agents continued with Noel and Souttar examining the pos-
sible role of paraldehyde [6]; while Peck and Meltzer
described the use of intravenous magnesium sulfate [7];
and ethanol infusions were studied by Naragawa, and Cardot
and Laugier [8, 9].

The anesthetic properties of the barbiturates were first
observed with diethylbarbituric acid, which was synthesized
by Fischer and von Mering [10]. But, again, its low water
solubility and prolonged duration of action lead to a delayed
further development of the drug. Use of the first barbiturate
for intravenous anesthesia was reported in 1921, when
Bardet and Bardet studied a mixture of the diethylamines
of di-ethyl and di-allyl barbituric acid (Somnifen) [11].
The sodium salt of sec-butyl-(2-bromoallyl)-barbiturate
(Pernocton) had greater water solubility, and was introduced
into clinical practice in 1927. Further developments lead to
the synthesis by Kropp and Taub, and initial clinical studies
by Weese and Scharpff of the short-acting, rapid onset
hexobarbital (Evipan) [12], although the drug had a high
incidence of excitatory side effects. Nevertheless, use of
Evipan was recommended as the agent of choice in those
individuals with a tendency to bronchospasm.

Barbiturates

The first major development and advance from a clinical
viewpoint was the introduction of thiopental, which was
administered in separate studies by Lundy, and Waters
[13, 14]. At the same time, Tabern and Volwiler had initiated
a research program to prepare a series of thiobarbiturates
where there was substitution of the oxygen at the C(2) posi-
tion with a sulfur atom [15]. This led to agents having a

A.R. Absalom, K.P. Mason (eds.), Total Intravenous Anesthesia and Target Controlled Infusions,
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shorter period of hypnosis. One of these molecules was
thiopental. It was devoid of the excitatory side effects seen
with hexobarbital. The barbiturate was completely
metabolized with only <0.3 % excreted unchanged in the
urine. In man, there was a comparatively high rate of metab-
olism (16-24 % per hour). Thiopental had no analgesic
properties, but had the tendency to increase the sensitivity
of an individual to pain and touch.

Although it was originally studied in the USA, it was
subsequently introduced into the United Kingdom by Jarman
and Abel [16]. At this time, maintenance of anesthesia
was normally provided by di-ethyl-ether or one of the other
volatile agents (all of which had undesirable side effects).
As a result, researchers started using infusions of thiopental
to maintain anesthesia. However, they found that if the
barbiturate was given without opioids or muscle relaxants,
large doses of barbiturates were needed to suppress
movement, and these doses caused side effects of cardio-
respiratory depression and delayed awakening (the pharma-
cokinetics and metabolism of the barbiturate were not fully
defined until much later by Price [17]).

Use of thiopental by infusion has also been cited as the
cause of many deaths among the casualties at Pearl Harbor in
1941—with the often quoted, but misconceived and incor-
rect statement from a surgical colleague “that intravenous
anesthesia was an ideal method of euthanasia!!” [18, 19].

Pentobarbital (a metabolite of thiopental) had previously
been used as an anesthetic by Lundy in 1932. It caused less
laryngospasm than was seen after thiopental, but there was a
suggestion that it was associated with an improved recovery
profile.

Since the Second World War, further developments have
taken place with other drugs being used to provide intrave-
nous anesthesia. Beside thiopental, several other intravenous
thio-barbiturates were assessed including thiamylal and
thialbarbitone; drugs having the same duration of action
and spectrum of activity as thiopental, but lower potency.

Introduction of a methyl thio-ethyl group into the side
chain of methitural was aimed at accelerating the breakdown
of the drug. Its development led to a drug that was popular in
Germany as Thiogenal, and as Neraval in the USA, although
the quality of anesthesia was inferior to that of thiopental.
Similar comments were made about buthalitone (marketed
as Transithal in the UK; as Ulbreval in the USA; and
Baytinal in Germany) which was synthesized in the USA
in 1936, but not studied until 1954 by Weese and Koss. The
potency of buthalitone was about half that of thiopental.

However, a greater advance was seen with the introduc-
tion of hexobarbital which causes rapid onset of anesthesia.
This property was attributed to the addition of a methyl
group at the C1 position. Further development of this mole-
cule led to the introduction in 1957 of methohexital, which
was of shorter duration of action and had a shorter half-life

J.W. Sear

than thiopental [20]. It was irritating to the subcutaneous
tissues if accidentally given extravascularly, but more irri-
tant and dangerous if given intra-arterially. Methohexital has
two asymmetrical carbon atoms, so existing as four separate
isomers. The proprietary drug is a mixture of two of these:
a-dl pair (a mixture of all four isomers was shown by Taylor
and Stoelting to produce excessive skeletal muscle activity
and possible convulsions [21]).

There have been a number of studies described that used
the drug by continuous infusion to maintain anesthesia with-
out prolonged recovery times [22, 23]. However, its use was
associated with the side effect of pain on injection and a high
incidence of involuntary muscle movements. Several other
methyl-thiobarbiturates have been studied, but again all had
very high incidences of excitatory side effects.

Benzodiazepines

Although a number of benzodiazepines have been studied as
sedative drugs since the synthesis of chlordiazepoxide in
1955 (e.g., diazepam, lorazepam), only diazepam has
enjoyed any use as an anesthetic induction agent. Titration
of the drug to the exact induction dose is difficult, as the
drug’s profile includes a slow onset of action and prolonged
duration. The benzodiazepine is water insoluble, which
requires the use of a lipid solvent, but early solvents caused
venous irritation. The introduction of an emulsion formula-
tion reduced the incidences of pain on injection and throm-
bophlebitis, but had no effect on the recovery profile after
large doses of diazepam.

More recent advances with the benzodiazepines as agents
for the maintenance of anesthesia have revolved around the
introduction of firstly midazolam, and more recently
remimazolam. The former has been used for the induction
and maintenance of intravenous anesthesia [24, 25]. One
advantage of these agents is the parallel development of a
specific antagonist, flumazenil, which can be given at the
termination of anesthesia to facilitate recovery. However,
this has not been totally straightforward, as the mismatch
between the pharmacokinetics and pharmacodynamics of
the agonist and antagonist has resulted in reports of cases
showing “rebound hypnotization” after initial recovery [26].

Propanidid

Propanidid (a phenoxyacetic acid derivative of eugenol, the
chief constituent of oil of cloves) was a short-acting seda-
tive-hypnotic containing an ester moiety which was broken
down by body (pseudochline-esterase) and tissue esterases.
It was the first clinically acceptable non-barbiturate intrave-
nous anesthetic when introduced in 1965 but was withdrawn
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in 1984 because of a high incidence of anaphylactic
reactions—again, believed to be due to the poly-
oxyethylated castor oil solvent, Cremophor EL (BASF,
Ludwigshafen, Germany).

When attempts were made to find an alternative solvent,
it was shown that a liposomal formulation had a similar
potency in rats to the Cremophor one; it also appeared
superior as far as tolerance with a reduced incidence
of clonic seizures [27]. A further study was therefore
conducted in swine, but this failed to confirm any potential
advantage of the liposomal formation over other existing
hypnotics [28].

More recently another metabolically active ester with a
structure similar to propanidid (AZD 3043) has been
evaluated in man—this time, formulated in the lipid emul-
sion used for propofol [29]. Although the drug had a short
context-sensitive half-time, there were some undesirable
side effects—water insolubility; low potency; a dose-related
increase in heart rate during drug infusion; sporadic episodes
of involuntary movements and increased muscle tone (espe-
cially during the recovery phase); and in three patients there
were episodes of erythema, chest discomfort, and dyspnea
after drug dosing. Overall, one or more adverse side effects
occurred in 29 % of the patients studied.

Etomidate

This imidazole derivative was discovered in 1964 at Janssen
Pharmaceutica in Belgium and introduced into clinical
practice in 1974. Unlike many other intravenous agents,
etomidate caused little hemodynamic depression, and its
use was not associated with histamine release. The agent
had the profile of rapid onset and offset, but its use was
accompanied by significant adverse side effects: pain on
injection—due primarily to the propylene glycol solvent;
myoclonic activity; and a high incidence of postoperative
nausea and vomiting.

In 1983 it was reported that when the drug was given by
continuous infusion to provide ICU sedation to multiply
traumatized patients, there was an increase in patient mor-
tality when compared with other sedation regimens [30]. In
vitro and in vivo studies have shown that infusions (and
single doses) of etomidate result in an inhibition of adrenal
steroidogenesis.

As a result, the present role of etomidate in anesthesia
practice is confined mainly to use as an induction drug for
patients at risk of hemodynamic instability; for those who
have shown previous allergic reactions to other induction
agents; and electro-convulsive therapy (since etomidate
decreases seizure thresholds).

A reformulation of etomidate in a lipid emulsion reduces
the incidence of pain on injection, but does not address the

issue of reduced cortisol synthesis. More recent attempts at
addressing the effects of the imidazole compound on cortisol
biosynthesis are further discussed in Chaps. 12 and 16.

Steroids

In 1927, Cashin and Moravek reported the ability of a
colloidal suspension of cholesterol to induce anesthesia in
cats [31]. Subsequent studies showed no apparent relation-
ship between the hypnotic (anesthetic) and hormonal
properties of the steroids, with the most potent anesthetic
steroid being pregnan-3,20-dione (pregnanedione) which is
virtually devoid of endocrine activity.

Over the next 80 or more years, the anesthetic properties
of a large number of steroids were assessed both in vitro, and
in vivo in laboratory animals and man. One of the main
problems with steroid agents has been their lack of water
solubility. Most steroids show high therapeutic indices in
animals, but a variable effect in man in terms of the onset of
hypnosis, and the rapidity and completeness of recovery.

In 1941, Selye reported that injections of progesterone
produced sleep in rodents [32]; however, it was not until the
studies by P’An et al., and Murphy and colleagues that the
first clinical report of the anesthetic effects of the water
soluble steroid hydroxydione was published [33, 34]. How-
ever, this drug did not have an ideal profile—as the onset of
hypnosis was delayed (not occurring until 3—5 min after drug
administration). Was this because the hypnotic effect of
hydroxydione was due to a metabolite? It also had a long
duration of action;