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S7TATUS OF KETAMINE IN ANESTHESIOLOGY

Proceedings of the 25th Anniversary of Ketamine Symposium held at
the University of Michigan in Ann Arbor, MI June 19-21, 1989

Sponsors

The Symposivm was sponsored by the Departments of Anesthe-
siology and Pharmacology of the University of Michigan Medical School
and the University of Michigan School of Dentistry. The Symposium
supporters included: Merck, Sharp & Dohme Research Laboratories,
NPP Books, Parke Davis, Division of Warner Lambert, Morris Plains,
NJ, Parke-Davis and Co., Berlin, Federal Republic of Germany, Pfizer
Central Research, Groton, CT, Roche Laboratories, Hoffmann-LaRoche,
Inc., Nutley, NJ, University of Michigan Department of Anesthesiology,
University of Michigan Department of Pharmacology, University of
Michigan Otfice of Vice President for Research, The Upjohn Company,
Warner Lambert/Parke Davis Pharmaceutical Research Division, Ann Ar-
bor, MI, Warner-Lambert International Operations, Morris Plains, NJ.

Facilities

The facilities of the University of Michigan School of Dentistry
provided an ideal setting for presentations, discussion and exchange of
ideas among all of the participants. The entire scientific program was
video taped and is available on standard %2 inch VHS cassettes. Arrange-
ments can be made for their purchase from the University of Michigan by
contacting the editor.

The facilities of the University of Michigan League were utilized for
the reception, poster session and banquet. The color collages on the two
following pages represent selected photographs of some of these events.









Sixteen years ago a patient was given ketamine anesthesia as part of
a study conducted by Dr. Elemer Zsigmond. When the patient recovered
she was asked what kind of “dreams” she experienced. At the time she
was not able to fully express in words her experience under ketamine
anesthesia. But jt did inspire her to do a painting of her “dream.” It was a
“heavy experience, but a beautiful one” to her. (Courtesy of Dr.
Zsigmond.)



PRrREFACE

The chapters in this book represent almost all of the presentations at
the Twenty-Fifth Anniversary of Ketamine Symposium held in Ann Ar-
bor, June 19-21, 1989 at the University of Michigan. About 82 U.S. and
international scientists gave oral and poster presentations covering various
aspects of this Symposium. All participants were asked to present their
hindings in a critical manner regarding the pros and cons of ketamine use
in anesthesiology today. Clearly, ketamine is not the ideal anesthetic
anesthesiologists dream will become a reality, nor is it the nightmare that
many believe, at least in the United States. There is a place for ketamine
in anesthesiology. The purpose of the twenty fifth anniversary ketamine
symposium was to define what that place is today.

Seven sessions were held including: I. Historical and Present Per-
spectives; II. Biotransformation and Pharmacology; III. Analgesic Ac-
tions; 1V. Pharmacokinetics; V. Clinical Applications; V1. Problems and
Modemn Uses; VII. New Basic Science Developments: NMDA Antag-
onist Actions and Neuroprotective Effects. These form the basis for the
organization of this book.

The editor would like to thank Mrs. Ellen Howard and numerous
students for their efforts in helping to ready this book for publication.

January 2, 1990

Edward F. Domino
Department of Pharmacology
University of Michigan

Ann Arbor, Michigan
48109-0626

U.S.A.



Notice

The authors and publisher have taken great care in an attempt to
provide all information regarding dosage, side effects, indications, etc. of
ketamine and other drugs described in this book to the best of their
abilities. Errors may occur that have been overlooked. As a result, it is
extremely important that any person planning to administer ketamine
should obtain detailed instructions from persons experienced with its use
as well as consulting appropriate package insert information, etc. The
information contained in this book should be used merely as a guideline
to supplement first hand knowledge and experience with the use of ket-
amine and other drugs. Although ketamine has a large therapeutic index
compared to other anesthetic agents, when given alone it has significant
and serious side effects that require the attention of one expenenced with
anesthetic and airway management.
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Starus of Ketamine in Anesthesiology,
edited by E.F. Domino®© 1990, NPP Books
P.O. Box 1491, Ann Arbor, MI 48106

Historical Aspects of Ketamine—First
Clinical Experience

G. Corssen

Central Arizona Anesthesiology, Ltd.
Scottsdale, AR

The synthesis of phencyclidine {CI-393, PCP, Semyl, Sernylan} by
Maddox (1981), laboratory testing by Chen er al. (1959), and clinical
testing by Greifenstein ef al. (1958) and Johnstone et al. (1959} provided
the basis for human pharmacologic studies and clinical exploration of the
chloroketone analogue of PCP, CI-581, later known as ketamine (Ketalar,
Ketaject). Ketamine was synthesized by Stephens (1963) and initial labo-
ratory testing with CI-581 was conducted by McCarthy er af. (1965). This
was followed by human pharmacologic studies carried out by Domino and
Corssen and their associates {Domino et al., 1965). Clinical trials were
begun in 1964 and the first clinical experience in 130 patients was reported
by Corssen and Domino (1966). At that ime, the authors introduced the
terrn “dissociative anesthesia” to describe the peculiar state of uncon-
sciousness produced by ketamine in which the subject is profoundly
analgesic and in a trance-like state, not appearing to be asleep or anesthe-
tized, but rather disconnected from the surroundings. Corssen and Dom-
ino attributed the special features of this state to a dissociation between
the thalamoneocortical and the limbic systems. Since visual and
somatosensory impulses travel unimpaired from the periphery to the pri-
mary sénsory cortex, it appeared that the sensory isolation occurred
within the brain, presumably in the association areas. The authors postu-
lated that under the effect of ketamine the patient is unable to inferpret
impulses and make the appropriate response; therefore, there is no reac-
tion to light impulses introduced into the eye nor to pain impulses that
ordinarily would be evoked by surgical stimulation (Fig. 1).

In subsequent studies conducted in primates at the University of
Alabama in Birmingham (Sparkes et al., 1973, 1975), the effects of
ketamine on visually evoked poteatials recorded from the visual cortex
were compared with those recorded from non-specific midbrain and

1



2 Status of Ketamine in Anesthesiology

Fig. 1. Patient anesthetized with ketamine.

thalamic areas. The results indicated that the diffuse neocortical projec-
tion system is the primary site of action of ketamine. Furthermore, the
results showed that the profound analgesic action of the drug probably
results from the functional disorganization of nonspecific pathways In
midbrain and thalamic areas.

Initial experiences with the clinical use of ketamine at the University
of Michigan, and later at the University of Alabama, corroborated the
observations made earlier in human volunteers; namely, that ketamine
differs markedly from conventional intravenous and inhalational anes-
thetic agents. This difference results from its selective, dissociative action
on the central nervous system which produces a unique anesthetic state
characterized by profound analgesia, cardiovascular stimulation, lack of
respiratory depression, maintenance of protective reflexes and amnesia.

Early during the exploratory use of ketamine in surgical patients, it
became apparent that the drug was particularly suitable when the pro-
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cedure involved skin, bone, and joints (Corssen er al., 1968). Therefore,
ketamine was successfully employed in body surface procedures such as
wound debridement and skin grafting in burn therapy. Also, repetitive
oroiracheal intubation could be avoided in the surgical treatment of ther-
mal injury since preservation of the laryngo-pharyngeal reflexes under
ketamine anesthesia facilitated the maintenance of an unobstructed air-
way. For the same reason, positional problems often encountered during
radiodiagnostic and radiotherapeutic procedures in infants and in children
were largely overcome by ketamine’s ability to preserve airway patency.

The sympathomimetie effects of ketamine (increases in cardiac out-
put, pulse rate, and systolic and diastolic pressures) may be of benefit in
the anesthetic management of poor risk patients. In particular, these ef-
fects may benefit patients suffering from hypovolemic shock following
massive hemorrhage where transfusion cannot promptly restore the blood
volume and where temporary improvement of cardiovascular function is
of vital importance (Corssen et al., 1974). We also found ketamine suit-
able as the sole anesthetic or in combination with nitrous oxide-oxygen
for pain control during cardiac surgery, especially in infants and children
(Corssen et af., 1970).

Ketamine is an excellent bronchodilator and may be the anesthetic of
choice for induction of anesthesia in the asthmatic. We have successfully
administered ketamine by i.v. infusion to terminaie an asthma attack after
conventional methods of treatment failed (Corssen et al., 1972).

When administered in subanesthetic amounts, a painless state is pro-
duced without loss of consciousness in which shortlasting ambulatory
surgery and dental procedures may be performed. Being water soluble,
ketamine does not irTitate veins and does not cause pain on injection. When
administered i.m., the drug is rapidly absorbed without local irritation or
induration. During our initial human pharmacologic and clinical tnials,
ketamine’s psychedelic properties presented a drawback, particularly in the
human volunteers in whom any type of preanesthetic medication was omit-
ted. In fact, emergence reactions of agitation, delusions, illusions, halluci-
nations, and delirium occurred with such frequency in the volunteers and,
to a lesser degree, in surgical patients who received commonly used pre-
anesthetic medication, that we began to have serious doubts of successfully
introducing ketamine as a clinically useful anesthetic.

Other disadvantageous properties of ketamine which were of concern
to us during the first months of clinical usage included its tendency to
raise intracranial pressure and to produce hypertonicity, causing involun-
tary muscle movements and profuse salivation. Therefore, we became
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increasingly more aware of the need to find methods and drugs to elimi-
nate or attenuate the ketamine-induced undesirable and potentially dan-
gerous effects.

Efforts to reduce the adverse effects of ketamine became partially
successful by including various combinations of opiates, tranquilizers and
belladonna drugs in the preanesthetic medication. Droperidol appeared to
be especially effective in providing preanesthetic tranquility, reducing the
incidence of unpleasant dreams under ketamine anesthetic, and terminat-
ing acute psychomotor emergence reactions. A real breakthrough in ef-
fectively “taming” ketamine by minimizing the incidence and degree of
emergence psychic phenomena and reducing its adverse cardiovascular
and musculo-skeletal effects came with the use of diazepam and its deriv-
atives administered before, during, or after ketamine anesthesia (Coppel
et al., 1973).

It appears that most of our initial skepticism and doubts regarding
ketamine’s role as a general anesthetic have gradually been overcome and
the drug has found its place as an unusually safe, rapidly acting parenteral
anesthetic. Naturally, we fully agree with M. Johnstone, as quoted by T.
Boulton {1987) of Reading, United Kingdom, that ketamine is probably
the most important advance in the symptomatic treatment of pain since
the discovery of aspirin.
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Early British Experience with Ketamine
J.W. Dundee

Depuartment of Anaesthetics
The Queen’s University of Belfust
Northern freland

Ketamine had a long “gestation period” by standards of the 1960.
Almost 5 yr elapsed since the description of its pharmacology by Chen
(1965) and McCarthy and associates (1963) and the clinical phar-
macologic studies of Domino et a/. (1965) and its clinical launch in North
America. There was a prolific spate of American publications in early
1970, reflecting studies carried out in 1968-69, some of which drew
attention to side effects both during (hypertension, tachycardia and hyper-
tonus) and after anesthesia (emergence delirium and dreams).

The present requirements for organized clinical trials in the country
of use, and consideration of reports by the national drug regulatory organ-
ization—Committee on Safety of Medicines (CSM) in the UK—equiv-
alent to Federal Drug Administration (FDA) in the USA—did not exist in
Britain 30 yr ago. A pharmaceutica! firm could provide data in an “inves-
tigator’s manual”, based on studies carried out elsewhere. This happened
when ketamine was introduced in Brtain late in 1969 and early 1970.

A chemically similar drug, phencyclidine (CI-395, Sernyl) also in-
troduced by Chen and colleagues {1959), was studied by Johnstone et al.
from the Manchester Royal Infirmary in England. Their report, published
in 1959, described its effects in 67 patients. Greifenstein and De Vault
(1958) described maniacal excitement following surgery under phen-
cyclidine lasting up to 3 hr. The signilicance of these findings, in relation
to ketamine, was not appreciated at the time.

One can say without much doubt the introduction of ketamine into
Britain was a *disaster” from which the drug never recovered. Yet it was
one from which many lessons have been leammed. The reasons for this
fiasco are reviewed. Table | summarizes the information available to
initial British investigators. Table 2 gives the manufacturer’s main indica-
tions for the use of ketamine.

The wording of Table 1 caused much concemn with the early British

7



8 Status of Ketamine in Anesthesiology

TABLE 1. Guidelines available for the first British use of ketamine

. Rapidly acting nonbarbiturate general anesthesia (manufacturer’s brochure).

I

Producing “dissociative anesthesia™ characterized by complete analgesia with only
superficial sleep (Corssen and Domine, 1966).

3. A compound with a cataleptic analgesic and anesthetic action, but without hypnotic
properties.

4. Catalepsy = a characteristic akinetic state, with a loss of orthostatic reflexes, but
without impairment of consciousness (Chen, 1963).

TABLE 2. Early recommended indications for the use of ketamine

1. As the sole anesthetic agent for diagnostic and surgical procedures. Although best
suited for short procedurcs, 1t can be used with additional doses, in procedures requir-
ing anesthesja for periods of 6 hr or longer.

2. For the induction of anesthesia prior to the administration of other general anesthetic
agents.

3. Tosupplement low potency agents such as nitrous oxide.
{From the {iterature supplied to clinical investigators in Britain)

anesthetists. First, a recognized classification (Dundee and Wyant, 1974)
divides intravenous anesthetics into rapidly acting and slower acting.
Rapidly acting drugs will, in adequate doses, induce loss of con-
sciousness in one arm-brain circulation time. When injected as a bolus at
the height of forearm reactive hyperemia, this can be as short as 10-12 sec,
and in normal clinical conditions is in the 30-40 sec range. Attempts to
achieve this expected rapid onset by increasing dosage also increased
sequelae (Knox er al., 1970).

The new terms “dissociative anesthesia™ and catalepsy were never
fully undersiood by those who had little previous experience with neu-
rolept anesthesia. While popular in continental Europe, this had not been
widely used in Britain. In retrospect, one can appreciate the greater
American familiarity with this technique when Pender (1971) described
the effects of ketamine as resembling that of neurolept drugs, but pro-
duced by one agent. Clearly those advising the initial investigators were
unaware of these transatlantic differences in practice. The difficulty of
rapidly placing a woman’s legs in lithotomy stirrups caused frustration
and problems with which we had no previous experience.

It was (and still is) common British practice to concentrate initially on
“pure” studies—no or little premedication, no supplementary drugs and a
standard large patient population providing facilities for using the drug as
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the main agent. Clearly, the first indication listed in Table 2 pointed to its
initial use as the sole (or main) agent for women having minor gynecologic
operations, which was one of the specific fields of use recommended by the
company. This typical short operation seldom lasted more than 5 to 6 min,
which was very different from North American practice. It was not unusual
to have a turnover of one such operation every 10 min in a single operating
room, often with one anesthetist. With hindsight, we know we had most of
the factors which contribute to an unacceptably high incidence of
emergence delirium, i.e., unpremedicated young women, very short oper-
ations, and no other sedation or hypnotic drugs.

The situatton was made worse by the then common practice of re-
turning patients directly to their ward (often an open “Florence Night-
ingale™ type with 10-20 beds) without a stay in the recovery ward. While
it is often stated that patients themselves are unaware of and not upset by
emergence delirium, this does not apply to other patients, some of whom
may be waiting for an operation. Patients having the minor operation
discussed above do not normally receive (or require) postoperative seda-
tion and one can imagine how the emergence deliriums of the other
patients contributed to the chaos in the ward during these early studies.

Without being critical of the individuals involved, one realizes that
medical advisors to the pharmaceutical industry have to deal with a wide
spectrum of drugs. The British advisors to Parke Davis & Company,
headed by Dr. John Gorringe, while being most helpful, had no previous
experience with anesthetics and certainly were unaware of the differences
between British and American practice. The author had worked in Phila-
delphia and was aware of American practice, as were two of our fellow
investigators. Even this experience did not alert us to the problems which
we were to experience. The Lancet of June 27, 1970, contained the report
of our experience in over 450 anesthetic inductions with ketamine (Dun-
dee et al., 1970). This was a very intensive clinical trial, carried out in
about three months in four hospitals. It involved adult gynecology and
general surgery patients and 40 children undergoing minor surgical pro-
cedures. Our findings are best described by a direct quote from our final
paragraph *. . .narcosis with ketamine is quite different from that pro-
duced by other available drugs, and the term dissociated anesthesia is very
descriptive. Anesthesia is accompanied and followed by a high incidence
of undesirable side effects in adults. Although these are decreased by
certain forms of premedication, more work is needed to find the most
suitable adjuvants and to clarify the specific indications for its use.”

Looking back on the British experience with this drug, this was a



10 Status of Ketamine in Anesthesiology

temperate understatement of our problems. Some of my coworkers felt
that there was no place for this drug in British anesthetic practice. Others
of us appreciated its analgesic action and its possible potential in certain
limited fields. It certainly was not the universal, non-hypotensive sub-
stitute for thiopental which we had expected. If only our pharmaceutical
advisors had been more knowledgeable, the situation would have been
quite different. Yet i¢ was a privilege to learn so much about clinical trials
in such a short time.
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The early British experience with ketamine has been described as
disasterous {Dundee, 1990), with an unexpectedly high incidence of
emergence delirium and hypertension. The first large British study, involv-
ing more than 450 administrations, although highlighting the problems
encountered, concluded *Ketamine has certain actions not possessed by
other agents, and these should guarantee it a place in anesthesia . . .
Although these {(undesirable side effects) are decreased by certain forms of
premedication, more work is needed to find the most suitable adjuvants and
to clarify the specific indications for its use.” (Dundee et al., 1970)

This paper describes these early studies, which were aimed at mini-
mizing the side effects of the drug, while retaining its desirable proper-
ties. Some of these attempts involved the use of adjuvant drugs while
others looked at the types of procedures and patients for which the drug
would be more suitable. The title “The Taming of Ketamine” is taken
from a paper by Coppel et al. (1973) which describes studies carried out
to retain the best and minimize the worst effects of this unique drug.

UNPLEASANT SEQUELAE

Table 1 lists the most common sequelae encountered with ketamine
anesthesia {(Bovill and Dundee, 1972). The severity of these have been
shown to depend on a number of factors such as individual predisposition,
the nature and duration of the operation and the {supposed) circumstances
of awakening. The emergence delirium does not upset the patients, but
does upset their attendants and other patients. By contrast unpleasant
dreams do upset the patients but not their attendants, who are unaware of
them. Early fears of “flashback” incidents, whereby patients can relive
the dreams after several days, have been exaggerated.

Early in the use of ketamine, we demonstrated (Knox er al., 1970)
that dosage is a factor influencing the occurrence of unpleasant dreams

11
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TABLE 1. Main problems associated with the use of ketamine

Intraoperative Postoperative
Hypertonus Emergence delirium
Hypertension Unpleasant dreams

Emetic sequelae

and emergence delirium. With a constant patient population and opera-
tions {women having short gynecologic operattons) the incidence in-
creased with dosage (Table 2). Contrary to a widely expressed view, the
condition of patients on leaving the operating room was not found to be a
factor (Table 3).

The early British studies were carried out in adult women. It was
difficult to get a comparable group of men and women having a similar
short operation to compare the incidence (there being no male equivalent
to minor gynecologic operations). The data in Table 4 were obtained from
patients having longer but otherwise comparable operations. This shows
that the tendency of women to have both emergence delirium and unpleas-
ant dreams (Coppel et al., 1973; Lilburn ez al., 1978) is greater than with
men.

Studies described to date show that the two factors predisposing to a
high incidence of emergence sequelae were short operations in young
women and the administration of large doses of ketamine. Table 4 shows
that in this susceptible group of patients orthodox premedication clearty

TABLE 2. The percentage of sequelae are related to the dose of ketamine

<2 mg kg’ 2-3 mg kgt 3+ mgkg?!
Dreams 23 33 38
Delinium 19 12 27

(Knox er af., 1970)

TABLE 3. Percentage incidence of emergence delirium following 2 mg/kg ketamine in
patients who were awake or asleep on leaving the operating room

Condition Ertergence upset

arrival in

recovery ward N Mid Severe Total
Awake Eil] 18 16 34

Asleep 55 14 22 36




Taming Ketamine 13

modifies the incidence and severity of complications. However, this may
be achieved at the cost of delayed recovery.

Even with major operations lasting 1 1/2 hr, the importance of pre-
medication cannot be underestimated. The patients listed in Table 5 had
ketamine as the main anesthetic, yet in the absence of an opioid, one
quarter were unhappy about the anesthesia. The data in Tables 4 and 5 are
drawn from different patient populations, yet they show similar results.

Protection by benzodiazepines

The early use of ketamine coincided with the increasing use of oral
benzodiazepines as premedication and the availability of parenteral prepa-
rations of flunitrazepam and lorazepam, in addition to diazepam. There
are many studies on this topic. Table 6 summarizes some of these, while
Table 7 shows the benefit of giving a small dose near the end of the

TABLE 4.  Effect of sex, nature and duration of the operation, and premedication on the
percent incidence of unpleasant sequelae from ketamine

Emergence Unpleasant
Delirium Dreams

Men 6 6
Women 24 14
Atropine premedication

Minor operations 34 40

Major operations 20 10
Opivid premedication

Minor operations 11 26

Major operations 5 o
Droperidol premedication

Minor operations 5 36

Major operations 6 13

TABLE 5. Percent incidence of unpleasant sequelae and acceptability of anesthesia in
patients undergoing body surface operations, related to premedication

Atropine P20 mg D5 mg
0.6 mg H 0.4 mg Fo.1lmg
Mean duration of 64 8s 20
operation (min) (23-90) (31-180) (38-150)
Severe emergence delirium 5 0 0
Unpleasant dreams 50 0 75
Acceptable to patient 75 90 95

(P = papaveretum; H = hyoscine; D = droperidol; F = fentanyl)
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TABLE 6. Percent of sequelae associated with i.m. benzodiazepine premedication

Prolanged emergence Unpleasant
sequelae dreams

0.9% NaCl 40 30
Diazepam
15 mg 25 32
Flunitrazepam
1.5 mg 22 2
Lorazepam
4mg 4 4

TABLE 7. Percent incidence of troublesome sequelae, and patients dissatistied with
anesthesia. The patients were unpremedicated women having short minor gynecological
operations under ketamine-nitrous oxide anesthesia. Supplements were given at the end of
the operation.

Droperidol Diagzepam

Additional drug given i_v. Nil Smg Smg
Emergence upset 34 5 65
Unpleasant dreams 40 40 15
Fatients dissatisfied with anesthesia 52 40 15

operation. Both of these sets of data were obtained from “high risk”
patients, i.e., women having short (5-10 min) minor gynecologic opera-
tions. The data show clearly the benefit of a longer acting benzodiazepine
such as lorazepam and for many this has become the method of choice for
preventing unpleasant sequelae after ketamine.

Droperidol. This drug provided benefits similar to diazepam but
some patients were unhappy about their condition on awakening. They
felt disorientated or “dissociated” and, since lorazepam is more effective,
it is probably preferred to droperidol. When given i.v., the relatively long
duration of action of droperidol should be remembered.

In summary, the following factors affect the severity of ketamine
emergence sequelae:

Doses of ketamine (2+ mg kg

Nature and duration of operation

Preanesthetic medication (more frequent with “light premedication™)
Sex of patient (women more susceptible than men)

Use of concurrent drugs

The circumstances of awakening, whether in a busy operating room,
the quieter surroundings of the recovery room, or the ward, do not appear
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to be as important a factor as once thought. Preoperative briefing may
reduce the incidence, but this has not been adequately researched. Se-
quelae become less frequent and severe on repeated use, as during the
treatment of bumns.

ReEDUCTION OF HYPERTENSION

Early in the clinical use of ketamine, Bovill et al. (1971) demon-
strated that, with a constant dose of 2 mg kg™', the rate of administration
did not influence the cardiovascular response to ketamine. Neither was
there less hypertension when the equivalent dose (10 mg kg') was given
i.m.

A wide variety of drugs have been studied to reduce this ketamine
induced hypertension. These include hexamethonium, adrenoreceptor
blockers, droperidol, labetalol, promethazine, procaine amide, and phen-
tolamine. Since most of these drugs were without effect in reducing
hypertension and tachycardia, this work is not described in detail. Fur-
thermore, with proper selection of cases, we no longer consider tachycar-
dia and/or hypertension a major clinical problem except when the drug is
given by continuous infusion (Coppel and Dundee, 1989). It is sufficient
to say that best results were obtained from pretreatment with the adre-
noreceptor blocker, labetalol. The best overall effect was produced by
fotllowing ketamine with a low concentration of halothane and avoiding
pancuronium with its known chronotropic effects.

SUMMARY

Careful selection of patients, operations, and correct premedication
can be used successfully to mitigate the unpleasant sequelae from ket-
amine, while retaining its desirable properties.
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KEY WORD INDEX

This index is based upon key words and therefore is incomplete. The
reader should refer to the Table of Contents for individual chapters that
summarize in detail various topics related to ketamine.

A

Acetylpromazine, 247, 251

Adrenocorticotropic hormone
(ACTH), 454, 455, 458, 459

Alexandrian Units, 377

Alpha-adrenergic, 408, 416, see
also catecholamines

Analgesia, 199, 200, 381, 382,
383-386, 390-392, 405-407,
411-415

Analgesic mechanisms, spinal, 229

Anticonvulsant effects, 424-427

PCP receptor ligands, 526

Antidiuretic hormone (ADH), 454,
458, 459

Apgar score, 378

Apolysychrons, 294

Atelectasis, 133, 142, 403

Atropine, 13

Awareness, 378

B

Barbiturates, 18, 375, 376, see also
specific compounds

Benzodiazepines, 18, 20, 247, 261,
265, 279, 481, see also spe-
cific compounds

Bicuculline, 543

Blood pressure, 46, 403, 404

Bradycardia, 430

Brain ketamine concentrations, 200,

297-299, 301-304
Buprenorphine, 120
Butorphanol, 247, 248, 250, 251,

254-257
Butyrophenones, 18, 20, see also

specific compounds

C

CAl pyramidal cells, 163

Cardiac output, 403

Catecholamines, 47, 51-54, 56, 38,
315, 454-457, 462, see also
specific compounds

Catheter, epidural, 382, 383, 385

Caudal, 411-416

Cellular excitability, 157

Cerebral blood volume (CBY),
119-123, 125-129

Cerebrospinal fuid pressure (CSF),
119, 120-123, 125-129

Cervical dilation score, 366-377

Children, 325-333, 357-338, 478

Chloral hydrate, 182-189

Cholinesterase, 45

Cholinesterase inhibitors

Physostigmine, 20
Tetrahydroaminoacridine {THA),
20

CI-395, see phencyclidine

C1-581, see ketamine

Colonic temperature, 213

Compressed spectral array, 460

Computer tranquanalgesia-CTA,
305

Computerized tomography, 133-138,
140, 142

Convulsant, 153, 54]

Cortical cultures, 549, 552

Cortisol, 315, 454, 455, 458, 459,
462

CT scans of the chest, 135, 137

D
Deliriumn, 7, 9, 11, 12, see also
ketamine emergence reactions
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Dentate field potential, 158

Dextrorphan, 513

Diazepam, 4, 14, 120, 122, 125,
129

Dissociative anesthesta, 1, 14, 153,
181, 510, 511

Dopamine, 162, 503

Dopamine neurons, i81-186, 188,
189

Dreams, 4, 7, 11, 373

Droperidol, 4, 13, 15

Dynorphin A, 564, 565-569

E
EEG power spectral density, 300
Etectroencephalogram (EEG), 27,
153, 297, 300, 301, 303, 304,
460, 522, 523, 542
Alpha waves, 34, 35
Beta waves, 34, 35
Compressed spectral array, 460
Delta waves, 35
Hippocampal, 297
Ketamine effects, 167
Theta waves, 35
Topographic maps, 167-179
Electromyogram (EMG), 193-197
Emergence reactions, 4, 7, 9, 11,
12, 17-21, see also ketamine
emergence reactions
Emetic sequelae, 12
Enantiomers of ketamine, %6, 102,
106, 107
Enantioselectivity, 96
Enfiurane-nitrous oxide anesthesia,
481
Epidural
Caudal, 403, 406, 408, 411-416
Ketamine, 381, 382, 384, 383,
387, 390-393
Epinephrine, 310, 315, 454-457,
462

Excitatory amine acids, 501,
503-507, 309

Excitatory postsynaptic potentials
(EPSPs), 133, 160, 164

Excitatory synaptic transmission,
153, 154

F

Fentanyl, 119, 122, 126, 129, 430,
454-463

Fetal heart rhythm, 376, 377

Flashbacks, L1

Flunitrazepam, 13, 14

G

GABA, 163

Gas exchange, 133, 140

Gastrointestinal transit, 214, 22|

Glucose, 314, 454, 455

Glycerol, 454

Granule cells, 157

Guinea pig ileum, 203

Gynecologic examinations, 337-342

Gynecologic surgery, 9, 66-67,
403-408, 482-489

H
Halothane, 134, 138, 140, 141, 183
Halothane anesthesia

Atelectasis, 133

Gas exchange, 133
Heart reactivity, 379
Hemodynamic effects, 429, 431
Hemorrhagic shock, 109
Hippocampal

Afterdischarge, 545

Dentate, 153

Pyramidal neurons, 527
Hippocampus, 154, 153, 522

Electroencephalogram, 300, 301,

303, 304

Ketamine, 297-304

NMDA receptors, 297, 304

PCP receptors, 303
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History, ketamine, 1-4, 7
Hot plate test, 213, 215-218
Hydroxynorketamine, 95
Hypertension, 7, 15
Hypertonus, 10

Biotransformation, 93, 96, 98

Blood levels, 38-41, see also ket-
amine plasma and plasma
concentrations

Blood pressure, 46

Hypnosis, 104 Brain, 297, 298-304
Hypocapnia, 120, 122, 123, 128, Brain concentrations, 297, 303
129 Brain protection, 557-561

Hypotension, 429, 430
Hypoxemia, 403

I

Infusions, 433, 435

Intensive care patients, 453-463

Intracranical pressure, [09-117, 119

Inirathecal opiates, 406

Intravencus regional anesthesia,
319, 323

Ischemic hippocampal neuronal in-
jury, 557, 560

ltching, 405

K

K™ channel blocker, 21, 503
Kainate, 551

Ketamine

Bronchodilator effects, 3

Burmn patients, 419-421

Cardiac, 38, 43, 441-443, 445,
447-449

Cardiorespiratory changes, 31-32

Cardiovascular effects, 31,
350-353, 442, 494-497

Catalepsy, 269

Caudal, 411

Cerebral blood volume, 119-123

Cerebrospinal fluid pressure
(CSF), 119-122

Chemical analysis, 93, 298, 299,
308-311, 454

Clinical pharmacology, 27-73

Comparison with thiamylal, 48

Contraindications, 344

Actions 119, 120, 122-129, 462

Airway maintenance, 55

Analgesia, 49, 199, 200, 229,
239, 247, 269

Analgosedation, 453-463,
465-472

Anesthesia, 183-187, 189, 343,
473, 475-471, 479

Antagonism, 199, 232, 234, 236

Anticonvulsant effects, 153, 224,
501, 502, 510, 513, 521,
533, 541

Atelectasis, 133

Balanced anesthesia, 359, 361

Behavioral changes, 162

Benzodiazepine-ketamine com-
bination, 77-90, 349-350,
445-446

Diazepam-ketamine combination,
55-61, 73

Early American experience, 1

Early British experience, 7

Early recommended indications,
8

EEG frequency analysis, 316,
317

EEG power spectral density, 300

Electroencephalogram (EEG),
167, 261, 263, 264, 346,
347

Electroencephalographic activity,
460

Electromyographic responses,
193

Emergence reactions, 3, 17-21,
329-330, 485-487
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Enantiomer selectivity, 96-98

Enantiomers, 102, 242-243, 270,
345

Enantiomorph pharmacology,
101-107

Epidural, 381-393, 395, 403, 408

Epidural administration, 348,
381, 392, 404, 406, 408

Exiraction, 299, see also ket-
amine chemical analysis

Fetal, 376-378

Gas exchange, 119, 133

Hippocampus, 153-164, 297-304

History, 1-4, 7-10

Hydroxy metabolites, 94

I.C.U., 423

.M., 491

Induction in adults, 358

Induction in children, 357

Infusion, 63

Intracranial pressure, 3, 109, 119

Intrathecal injection, 570

Intravenous regional, 319

Lamina V activity, 229-236

Liver function, 43, 45, 65

Mechanisms of action, 408, 501

Metabolites, 40-42, 94, see also
ketamine biotransformation

Midazolam-ketamine combina-
tion, 82-87, 305, 453, 463,
465, 482-489

Midbrain dopamine neurons, 181

Motor evoked potentials, 193

N-Demethylation, 95

Neuromuscular transmission, 147

Neuron protection, 551-353

Neuronal activity, 153-164

Neuroprotective effects, 510,
563-573

Neurotransmitter interactions,
503

NMDA antagonist, 506, 510

Index

Norketamine, 94, 469

Opioid interactions, 274-275

Obstetrical analgesia and anesthe-
sia, 355-357, 375-379,
395-401

Obstetrics, 375, 379

Pa0,, 136

PaCO,, 129, 136

Perioperative uses, 362

pH, 36, 39

Pharmacodynamics, 279

Pharmacokinetics, 281-283, 285,
289-294, 359-360

Plasma, 297-299, 301-304

Plasma cholinesterase, 43

Plasma concentrations, 282, 288,
297, 304, 311, 457, 462,
469, 494, 498

Propofol-ketamine combination,
429-431, 433-439

Psychic effects, 62

Pulse rate, 46

Rectal administration, 325-327,
333

Respiratory effects, 52

Sedation, 337, 341

Side effects, 8, 11-12, 15, 331,
332, 373, 414, 415, 416,
494

Skeletal muscle interactions,
68-73

Somatosensory evoked potentials,
571-573

Species differences, 288

Structure, 94

Sufentanil-ketamine combination,
367, 370-374

Sympathomimetic effects, 3

Table tilt, 33, 41, 43

Taming, 4, 11, 20

Trauma patients, 491-499

Unit activity, 261



Uses, 1,9, 12
Visuaily evoked responses, 1, 2,
28, 29
Vital signs, 33
Kindled seizures, 266
Kindling, 261

L

Labetalol, 15

Lactate, 454

Lactic acid dehydrogenase {(LDH),
550

Lorazepam, 14

LSD, 19

M

Maximal electroshock seizure test
(MES), 214

Mean arterial pressure, 114

Meperidine, 120, see also pethidine

Metabolism, 403

Methohexital anesthesia - rectal ad-
ministration, 327

Midazolam, 126, 128, 129, 453,
454, 462, 463, 48], 488, 489

Plasma concentration, 311

Motor block, 321

Motor evoked potentials (MEPs),
193, 196

MR 2266, 216

N

Naloxone 199, 261, 203, 204, 206,
381, 390, 507

Narcotic antagonism, 199, 200

Narcotics, 18, see also opiate,
opioids

Nausea, 372, 403

Neuromuscular transmission 147-151

Neuronal activity, 153-164

Neurotoxicity, 393, 549, 551, 552
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N-Methyi-D-aspartate {NMDA),
153, 549-553
Agonist, 549, 550, 552
Antagonists, 501, 506-513, 525,
530, 531, 351, 553, 554
Receptor, 244, 504, 508-512, 549
Receptor mediated neurotoxicity,
549
Nociceptive tests
Hot plate, 384, 385, 391
Paw pinch, 384
Tail Rick, 384, 385, 391
Non-nociceptive tests
Behavioral functions, 384, 386
Motor function, 384, 384
Norepinephrine, 47, 51, 316, 454,
455, 456, 457, see also
catecholamines
Nortketamine, 93-98
Enantiomers, 102,
Plasma levels, 469

0
Opiate

Agonists
DADLE, 201
Dihydromorphine, 201
Ethylketocyclazocine, 201
Fentanyl, 456-463
Morphine, 204
Morphine plasma and brain

levels, 276
N-allylnormetazocine, 201
Pethidine, 242, see also
meperidine

Sufentanil, 367

Antagonists
Naloxone, 203, 229-236, 240

Binding sites, 202

Kappa, 206, 207, 211-225, 511

Mu, 206, 207, 511

Receptors, 199, 206, 229, 408
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Opioids, 13, 403, 411, 416, see also
narcotics and opiate

P
PaCO,, 52-54, 110-117, 139, 314
Pain, 404-406, 412, 415
Pain stimulation, 28]
Paralysis, 140
Paralyzed preparation, 184, 188
PCP, see phencyclidine
PD117,302, 219, 220, 223
Pentylenetetrazol, 542
Perforant path, 157
Pethidine, 242, see also meperidine
Pharmacokinetics, 279, see also
ketamine pharmacokinetics
Phencyclidine {CI-393, PCP, Ser-
nyl, Semnylan), 7, 186, [88
Actions, 153, 154, 181, 186, 189,
508-511
Anticonvulsant effects, 521
Discriminative stimulus, 509, 512
History, 1
Mechanisms of action, 501, 503
Receptor, 241-245, 508, 509,
511, 525
Receptor ligands, 521, 526
Pheochromocytoma, 61
Picrotoxin, 543
Pineal, 272
Population spikes, 159
Postanesthetic excitation
Chloroform, 17
Cyclopropane, 17
Diethyl ether, 17
Enflurane, 17
Ethylene, 17
Halothane, 17
Hexobarbital, 17
Ketarnine, 17-21, see also ket-
amine emergence reactions
Methohexital, 17
Nitrous oxide, 17

Phencyclidine, 17
Phenoperidine-dropenidel, 17
Propanidid, 17
Thiamytal, 17
Thiopental, 17
Tribromethanol, 17
Vinyl ether, 17
Postmedication
Diazepam, 120
Midazolam, 122
Postoperative pain relief, 414, 415
Premedication, 9, 367, see also ket-
amine combination with
specific agent
Benzodiazepine, 120, 367
Diazepam, 32-40, 120
Droperidol, 4
Fentanyl, 122, 126, 129
Flunitrazepam, 13
Meperidine, 120
Midazotam, 122, 126
Preservatives, 385
Propofol, 429, 430, 437, 439
Propranolol, 261, 265
Pulmonary, 403
Pulse rate, 32, 33, 404

Q
Quinpirole, 185

R
Rat, 182, 184, 186-189, 384, 385,
391, 392
Recurrent inhibition, 154
Refractoriness
Neuromuscular transmission,
147, 148, 150, 151
Regional anesthesia, 477
Respiratory depression, 329, 390
Reticular multiple unit activity, 264
Rexed laminae, 230
Righting reflex, 214, 221
Routes of admimistration, 279




S
Scores-objective and subjective,
404, 413
Seasonal variation, 272-274, 276
Sensory block, 321
Semylan, see phencyclidine
Spinal cord, 203, 382, 387
Spinal cord injury, 563
Surgery
Anorectal, 411-416
Lower abdominal, 9, 404
Vaginal, 404
Sympathetic block, 321
Sympathomimetic effects, 3

T

Tail flick test, 218, 219

Tail immersion test, 213

Taming of ketamine, 11

Thiamylal
Blood pressure, 46
Comparison with ketamine, 48
Plasma norepinephrine, 47
Pulse rate, 46

Thiopentat, 372, 481, 483
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Tilt, 66, 67

Total intravenous anesthesia, 433,
434, 439

Tranquanalgesia, 305-318

Transcranial magnetic stimulation,
193-195

Trauma, 491, 492, 499

U
U-50488H, 219, 22(-222

v

Ventilation, 110, 136

Visually evoked potentials, 1, see
also ketamine visually evoked
resSponses

VYomiting, 372, 403

w
Wake-sleep cycle, 261, 264-265,
267

X
Xylecaine, 404, 412








