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INTRODUCTION

Delivering safe and effective anesthesia to casu-
alties with combat injuries presents unique chal-
lenges to military trauma anesthesiologists. These
casualties may have sustained severe injuries in-
volving significant blood loss and varying degrees
of shock. They will be in pain and emotional dis-
tress, and possibly suffering from sequelae of pro-
longed transport such as inadequate ventilation,
hypothermia, uncorrected hypovolemia, in any com-
bination. They may have full stomachs, which
places them atrisk for pulmonary aspiration during
general anesthesia.

Certain other conditions in the field further com-
plicate the anesthetic management of these difficult
patients. For one, casualties may arrive en masse,
exceeding the ability of a small medical staff to
provide scrupulous individual monitoring. In these
situations, relatively untrained personnel may be
required to achieve airway patency and hemody-
namic stabilization in the perioperative period.
Likewise, recovery care after anesthesia may be mar-
ginal. As for the course of the anesthetic itself, bulky
and elaborate anesthesia equipment may not be avail-
able or practical at the site of combat casualty surgery.
In particular, apparatus for the delivery of compressed
gases such as oxygen may pose logistical problems.

Ideally, then, an anesthetic approach for combat
casualty care should have the following character-
istics: preservation of airway reflexes with minimal
hemodynamiceffects; ease of delivery, which would
allow for management by relatively unskilled prac-
titioners; and a minimal requirement for unwieldy
or complex anesthetic delivery systems. Unfortu-
nately, no anesthetic technique meets all of these
requirements, although many approacheshave been
used with varying degrees of success in the battle-
field setting. Among these are general anesthesia
using simple gas-delivery systems, regional tech-
niques, and intravenous anesthesia with or without
supplementary inhaled agents. A full discussion of

the first two methods is presented in Chapter 8,
Closed-Circuit Anesthesia; Chapter 9, Inhalational
Anesthesia; and Chapter 12, Regional Anesthesia.
In general, their use dictates a significant level of
skill on the part of the practitioner, particularly in
dealing with hypotension, which is a sequela of
both regional and general anesthesia, and from the
loss of airway reflexes that ensue from general
anesthesia with volatile agents.

Intravenous anesthetic agents are advantageous
in the field for many reasons. Transportability and
technical ease of administration are excellent. Many
of these drugs are able to rapidly induce a state of
surgical anesthesia. This is particularly important
in traumatized soldiers, as experience has shown
most to have full stomachs at the time of injury.' To
prevent the aspiration of regurgitated material into
the lungs, a rapidly induced state of unconscious-
ness isnecessary to facilitate endotracheal intubation
and airway protection. With careful use, these drugs
will also allow early awakening and extubation of the
trachea, shortening stays in the recovery area. Re-
sidual analgesia is a benefit with some intravenous
agents. These drugs can also be used to supplement
inhalational anesthetic agents, providing balanced
anesthesia. Some intravenous anestheticagents can
be used as the sole or primary agents for the main-
tenance of surgical anesthesia by means of an initial
bolus followed by continuous infusion. This tech-
nique adds a degree of controllability to the dura-
tion of action of the anesthetic and reduces the total
amount of drug administered, allowing the anes-
thesia provider to have an awake patient at the end
of the case. Such a patient will be easier for recovery
area personnel to deal with than an overly sedated
or unconscious patient. Indeed, recovery room
personnel may be in very short supply or extremely
busy. As the patient may receive relatively little
attention during this period, recovery time is best
kept to a minimum.?

INTRAVENOUS ANESTHETIC AGENTS FOR BATTLEFIELD ANESTHESIA

Complete surgical anesthesia, when properly
administered, provides amnesia, analgesia, uncon-
sciousness, and muscle relaxation. The ideal anes-
thetic drug would induce such a state of surgical
anesthesia rapidly, be quickly reversible, maintain
hemodynamic stability, and be nontoxic to the pa-
tient. There is no drug available today that, when
used alone, satisfies all of these criteria. However,

212

the intravenous drugs we will discuss in this chap-
ter each provide one or more component parts of
the ideal (ie, complete) anesthetic regimen.

Much of the initial anesthetic care of combat
casualties consists of the vigorous resuscitation of
hemorrhagic shock. It is likely that many of these
injured soldiers would not survive the physiologi-
cal effects of the sudden imposition of a complete



anesthetic, which could compound the hemody-
namic instability seen with hypovolemic shock
states. Careful selection and meticulous titration of
anesthetic agents, whether inhalational or intrave-
nous, usually become feasible only as resuscitative
efforts progress. Failure torecognize and adequately
treat hypovolemic shock before the induction of
anesthesia can convert a casualty to a fatality. In-
deed, the careless use of thiopental in hypovolemic
patients after the Japanese attack at Pearl Harbor on
7 December 1941 caused a large number of intra-
operative deaths and led some anesthesiologists to
criticize its use in war casualties.’ It is clear in
retrospect that many of the anesthesia providers
involved were unfamiliar with the proper use of
this agent. Itis also clear that volume resuscitation
was inadequate in these cases. Thiopental was
subsequently used with good success throughout
the remainder of World War II,*® the Korean and
Vietnam wars,! the Falklands War,’ and remains a
valuable anesthetic drug today when properly ad-
ministered. The intravenous anesthetic and adju-
vant drugs currently available have a broad spec-

TABLE 10-1

Intravenous Anesthesia

trum of effects, indications, and contraindications
(Table 10-1). Each of the agents described in this
chapter has unique advantages and disadvantages
for the anesthetic management of wartime casual-
ties. The anesthesia provider must be able to assess
the clinical situation in each case and select the best
anesthetic technique and agents for the casualty.
For some short surgical procedures, one or two
intravenous bolus injections of anesthetic agent may
be all that is required for patient comfort. For very
minor procedures, a subanesthetic dose may be
sufficient for analgesia, sedation, and anxiolysis.
Subanesthetic doses are also useful for supplement-
ing regional anesthetic techniques. Disadvantages
of many of the intravenous anesthetic agents in-
clude the possibility of overdosage, with resultant
respiratory depression or arrest. Mechanical venti-
lators may not be available at battlefield hospitals.?
Because the patient’s metabolism of the drug is re-
quired for these drugs’ termination of action, anesthe-
sia-recovery personnel may be forced to commit them-
selves to one-on-one care for such patients until they
are once again breathing on their own. Intravenous

PHARMACOLOGICAL EFFECTS OF VARIOUS INTRAVENOUS ANESTHETIC AGENTS

Loss of

Agent Onset Duration Consciousness Analgesia Amnesia
Barbiturates .

Thiopental Rapid Ultra-short Yes Anti Yes

Methohexital Rapid Ultra-short Yes Anti Yes
Benzodiazepines

Diazepam Slow Long High-dose None Yes

Midazolam Intermediate Intermediate High-dose None Yes
Narcotics

Morphine Slow Long High-dose Yes +/-1

Meperidine Slow Long High-dose Yes +/-

Fentanyl Intermediate Intermediate High-dose Yes +/-

Sufentanil Intermediate Intermediate High-dose Yes +/-

Alfentanil Rapid Short Yes Yes +/-
Ketamine Rapid Short Yes Yes Yes
Etomidate Rapid Short Yes No Yes
Propofol Rapid Ultra-short Yes No Yes
Scopolamine Rapid Long No No Yes

“Pain perception is increased
TThe effect may or may not be present
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anesthetic techniques, while technically simple, tend
to be less forgiving of error than inhalational tech-
niques. Constant vigilance and attention to detail
are mandatory when these drugs are used.
Military medical planners have noted that the
limiting factor in performing surgery in the field
may be the number of personnel who are trained to
administer anesthesia.” It is recognized that many

military physicians and nurses who have had mini-
mal exposure to anesthesiology as a specialty will
have to be trained on the job to deliver a safe
anesthetic. Simplicity, technical ease of administra-
tion, and the relatively high margins of safety of
many of the intravenous anesthetic drugs will per-
mit such personnel to deliver safe anesthesia to
combat casualties.

USEFUL DRUGS FOR THE INDUCTION OF ANESTHESIA

When induction of general anesthesia is neces-
sary in casualties with traumatic injuries, two prop-
erties of an anesthetic drug are of primary impor-
tance. The first is whether the selected drug can be
expected to cause serious depression of the patient’s
cardiovascular system. The patient may be severely
hypovolemic from blood loss, exposure, or other
causes. The choice of an induction agent must
therefore take into account the victim’s volume
status and degree of hemodynamic compromise.
The second important factor in the choice of an
induction agent is the rapidity of onset of uncon-
sciousness following intravenous injection. Because
soldiers injured on the battlefield nearly always
present for treatment with a full stomach,' the air-
way must be rapidly protected with an endotra-
cheal tube to prevent aspiration of gastric contents
into the bronchopulmonary tree. A drug with a
long onset time will therefore expose the patient to
greater anesthetic risk.

Agents that are useful for induction of anesthesia
are presented below, grouped by drug type.

Barbiturates

Intravenous barbiturates produce central ner-
vous system depression ranging from mild seda-
tion to coma, depending on the dosage given. The
two barbiturates most commonly used to induce
anesthesia are sodium thiopental (Pentothal, manu-
factured by Abbott Laboratories, North Chicago,
I11.) and methohexital (Brevital, manufactured by
Eli Lilly and Co., Indianapolis, Ind.). These agents
rapidly produce a state of unconsciousness and
amnesia without significant analgesia.

Pharmacology

Thiopental is usually prepared as a 2.5% mixture
(25mg/mL), while methohexitalismadeupasa1%
solution (10 mg/mL). Unconsciousness occurs
within seconds following intravenous bolus and
lasts for approximately 3 to 5 minutes. Clinical
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recovery from methohexital is slightly faster than
from thiopental.

The brief clinical effect seen after intravenous
bolus of these drugs is not due to metabolism, but
rather to redistribution of agent from the brain and
other vessel-rich organs to less metabolically active
compartments. However, multiple doses or con-
tinuous infusions may result in slow recovery, ow-
ing to protein binding and the slow release of drug
from muscle and fatty tissues.'

Physiological Effects

Central Nervous System. The barbiturate anes-
thetic agents induce a state of hypnosis and amne-
sia. However, they tend to reduce the patient’s pain
threshold (ie, the antalgesic effect), with a resultant
significantincrease in heart rate and blood pressure
during painful or stimulating procedures."

Cerebral metabolic rate is markedly reduced fol-
lowing a dose of a barbiturate drug, which, in turn,
causes cerebral vasoconstriction. This effect, in
turn, results in decreased cerebral blood volume
and reduced intracranial pressure. Cerebral perfu-
sion may improve, as intracranial pressure falls to a
greater extent than the mean arterial pressure in
normovolemic patients."" These effects are very
beneficial in the patient with a closed head injury.
In addition, the barbiturates are potent anticonvul-
sant agents.

Cardiovascular System. The principal hemody-
namic effects of the barbiturates are a decrease in
contractility and an associated increase in heart
rate. Dose-dependent decreases in arterial blood
pressure, stroke volume, and cardiac output are
seen. The mechanisms for the decrease in cardiac
output include (1) direct negative inotropic effect
on the myocardium, (2) decreased ventricular fill-
ing owing to increased venous capacitance, and (3)
transiently decreased sympathetic outflow from the
central nervous system."

Respiratory System. The barbiturates are potent
central nervous system depressants. As a conse-



quence of these effects, they produce profound res-
piratory depression. This is first seen as a decrease
in tidal volume, followed by apnea. Positive-pres-
sure ventilation will be necessary following the
usual induction doses of both thiopental and
methohexital.

Clinical Use and Contraindications

Both sodium thiopental and methohexital are
safe induction agents in the normovolemic casualty
whose cardiac function is not compromised. Usual
induction doses are 4 mg/mL for thiopental or 1
mg/mL for methohexital (Table 10-2). Although
these agents are not the drugs of first choice in
trauma patients, experience has shown that they
may also be used safely in such cases, provided that
the dosages are adjusted downward.*® Easy
intubating conditions are generally obtained within
60 seconds when given with succinylcholine for
rapid-sequence induction (which is discussed later
in this chapter). Thiopental (or methohexital) may
also be administered as a continuous infusion fol-
lowing an initial bolus (Table 10-3). This allows a
state of surgical anesthesia to be maintained for
extended periods. However, these agents accumu-
late in the tissues when used in this manner, and
recovery from anesthesia may be prolonged.

Extreme caution should be used in the hypo-
volemic casualty or one with cardiac compromise
such as tamponade. In general, barbiturates should
be avoided as induction agents in these casualties
until the hypovolemicstate or the cardiac tamponade
is corrected.

TABLE 10-2

SUGGESTED DOSE RANGES FOR INTRAVE-
NOUS INDUCTION OF ANESTHESIA

Casualty’s Resuscitation Status

Intravenous Anesthesia

TABLE 10-3

DRUG DOSES FOR CONTINUOUS INTRAVE-
NOUS INFUSION TECHNIQUES

Normovolemic Hypovolemic

Agent (Dose) (Dose)
Sodium Thiopental 2-4 mg/kg 1-2 mg/kg
Ketamine 1-2 mg/kg 0.5-1.0 mg/kg
Etomidate 0.2-0.4 mg/kg 0.1-0.2 mg/kg
Methohexital 0.5-1.0 mg/kg 0.25 mg/kg
Midazolam” 0.15-0.3 mg/kg 0.075-0.15 mg/kg
Alfentanil 100-200 ug/kg not known

“Will cause prolonged sedation and respiratory depression

Agent Loading Dose Infusion Rate
Ketamine 1.0-2.0 mg/kg 20-50 pg/kg/min
Etomidate 0.2-0.4 mg/kg 40-100 pg/kg/min
for 10 min, then
10-40 ug/kg/min
Thiopental 2.0-4.0 mg/kg 0.1 mg/kg/min
Propofol 2.0-25mg/kg  0.1-0.2 mg/kg/min
Alfentanil 100-200 ug/kg"  0.5-2.5 ug/kg/min

“30-40 ug/kg when combined with thiopental

Etomidate

Etomidate (Amidate, manufactured by Abbott
Laboratories, North Chicago, I11.)is animidazole com-
pound that is chemically unrelated to any other intra-
venous anesthetic agent. It is a potent sedative and
hypnotic agent with rapid onset and recovery, and its
use is associated with excellent cardiovascular and
respiratory stability in the normovolemic patient."”

Pharmacology

As with the barbiturates, etomidate is rapidly
distributed to the brain and other vessel-rich groups
following intravenous injection. Termination of
clinical action occurs as the agent is redistributed
away from these highly perfused organs.”
Etomidate’s distribution half-life is in the 2- to 4-
minute range. The drug is cleared from plasma 5-
fold faster than is thiopental. Etomidateis prepared
as a 2% solution (20 mg/mL).

Physiological Effects

Central Nervous System. Intravenous injection
causes a rapid, dose-dependent depression of the
central nervous system. As with the barbiturates,
etomidate is a potent anticonvulsant agent. This
anticonvulsant effect lasts significantly longer than
its hypnotic and anesthetic effects. In common with
the barbiturates, etomidate also causes a significant
reduction in the cerebral metabolic rate, with associ-
ated cerebral vasoconstriction' and decreased in-
tracranial pressure. Cerebral perfusion pressure is
not altered appreciably.

215



Anesthesia and Perioperative Care of the Combat Casualty

Cardiovascular System. In normovolemic pa-
tients, etomidate causes no significant changes in
heart rate or cardiac output.”” A slight fall in sys-
temic blood pressure may be noted, secondary to a
mild decrease in peripheral vascular resistance.
However, in the trauma patient suffering from hypo-
volemicshock, serious hypotension may result from
usual induction doses of etomidate due to suppres-
sion of sympathetic nervous system outflow.

Respiratory System. Etomidate is a potent cen-
tral nervous system depressant. As a consequence
of these effects, it produces dose-related respira-
tory depression. Respiratory rate and tidal volume
are affected, although the magnitude is less than
that produced by the barbiturate anestheticagents."
Positive-pressure ventilation will be necessary ei-
ther after an induction dose or during continuous
infusions for maintenance of general anesthesia.

Clinical Use and Contraindications

The usual dose range for induction is 0.2 to 0.4
mg/kg (see Table 10-2). The clinical duration of a
single bolus injection is 3 to 12 minutes.

Psychomotor recovery is intermediate between
that of thiopental and methohexital. Short surgical
procedures may be done using etomidate, main-
taining anesthesia with repeated, small boluses or
continuous infusion (see Table 10-3). Following a
bolus injection of 0.2 to 0.4 mg/kg, a continuous
infusion can be set up to flow at a rate of 40 to 100
ug/kg/min (20-40 ug/kg/min if nitrous oxide is
being used, although nitrous oxide is not available
in deployable hospitals). After the initial 10 min-
utes of infusion, the rate should be reduced to 10 to
40 ug/kg/min. (Many anesthesiologists would
supplement this infusion technique with a potent
opioid such as fentanyl, since etomidate is an in-
complete anesthetic, ie, it provides no analgesia).

Prudence would dictate a reduction in drug dose
for induction of anesthesia during the resuscitative
phase of shock (ie, in the acutely traumatized battle-
field casualty). A good starting dose would be 0.1
mg/kg, titrating more agent as the patient’s condi-
tion allows.

Two characteristics of etomidate make it useful
for anesthesia in the traumatized patient'":

¢ Relative hemodynamic stability; thisis most
important when the casualty ishypovolemic
(eg, in hemorrhagic shock).

e Its effect on the central nervous system; by
decreasing intracranial pressure and cere-
bral metabolic rate while preserving stable
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hemodynamic parameters, etomidate may
prove to be the agent of choice for anes-
thetic induction in the hemodynamically
unstable trauma patient with a head injury.

Relatively minor drawbacks to the use of
etomidate include the following'":

e Venousirritation; etomidate is dissolved in
propylene glycol, giving rise to pain or
irritation or both on intravenous injection
in some patients. This side effect can be
reduced somewhatby prior administration
of an opioid drug such as fentanyl.

e Myoclonus; this centrally mediated effect
is frequently observed. It is not indicative
of awareness, and is not harmful to the
patient, per se. Once again, these move-
ments may be reduced by pretreating the
patient with an opioid drug.

e Postanesthetic nausea and vomiting; this
side effect may be seen in up to 40% of
patients on emergence from anesthesia with
etomidate, is probably centrally mediated,
and may be reduced in incidence if an
antiemetic drugsuch as droperidolis given.

e Adrenocortical suppression; this effect lasts
from 6 to 8 hours and is probably not clini-
cally significant unless prolonged or large
total doses are administered. Suppression
of adrenal steroid production may predis-
pose critically ill patients to sepsis.

Propofol
Pharmacology

Propofol (Diprivan, manufactured by Stuart Phar-
maceuticals, Wilmington, Del.) is a recently intro-
duced intravenous anesthetic agent. It rapidly pro-
duces unconsciousness following bolus injection,
with a time course on onset and recovery very
similar to that of thiopental and methohexital.
Propofol is completely insoluble in aqueous solu-
tion and is therefore administered in a lecithin-
based emulsion. Because this emulsion is a very
favorable medium for bacteria, strict aseptic tech-
nique should accompany its use. The drug is ex-
tremely lipid soluble, a property that allows it to
cross the blood-brain barrier very quickly. Clinical
experience has shown that less residual postopera-
tive sedation and psychomotor impairment follow
administration of propofol, and side effects such as
nausea and vomiting are uncommon.'



Physiological Effects

As do the barbiturates, propofol causes dose-
dependent cardiacand respiratory depression.''*!°
The magnitude of these effects is similar to those
seen with thiopental. Propofol has no analgesic
properties but, in contrast to thiopental, neither
does it appear to have an antalgesic effect.

Clinical Usage and Contraindications

Induction of anesthesia is achieved with a
propofol dose of 1.5 to 3.0 mg/kg (see Table 10-2).
Unconsciousness occurs less than 1 minute follow-
ing an intravenous bolus, and lasts from 4 to 8
minutes. The drug is redistributed and eliminated
very rapidly. A continuous infusion or repeated,
small-bolus injections may be used to maintain a
surgical plane of anesthesia. The drug does not
accumulate in the tissues to a clinically significant
degree and thus is better suited to continuous-
infusion techniques than the barbiturates or
etomidate. Recovery is characterized by rapid emer-
gence from anesthesia and minimal postoperative
confusion.'” A continuous infusion may be used
following an induction dose of 2.0 mg/kg (see
Table 10-3). The infusion rate is titrated to the
desired effect, with a usual dose range of 0.1 to
0.2 mg/kg/min (6.0-12.0 mg/kg/h); in critically
ill or debilitated patients, the dosage regimen
may be halved. This technique is enhanced by
the addition of an opioid drug or nitrous oxide
for analgesia.

Propofol’s greatest advantage over other intra-
venous anesthetic agentsisitsrelatively rapid elimi-
nation from the body. This may diminish the de-
gree of hangover seen after continuous infusions or
repeated boluses of the barbiturates and etomidate,
and could potentially shorten time spent in the
recovery area.'t

Ketamine
Pharmacology

In the field, the aim of the military anesthesia
provideris to deliver the minimum level of anesthe-
sia necessary to provide adequate surgical depth,
thereby assuring arapidly resolving anesthetic state.
Ketamine was developed through investigation of
phencyclidine (PCP) and cyclohexamine, both of
which provide profound anesthesia accompanied
by intolerable psychotomimetic effects.'” Ketamine
resembles these drugs structurally, but it delivers

Intravenous Anesthesia

sedation, analgesia, and surgical anesthesia with
much milder psychic side effects.

The administration of ketamine produces an un-
usual clinical state called dissociative anesthesia (ie,
the patient does not move specifically in response to
noxious stimuli'®). Some researchers' have postu-
lated that ketamine depresses central nervous sys-
tem centers that are crucial to the transmission of
the emotional component of pain signals from the
spinal cord to the higher centers. Others**' believe
that ketamine may work through direct suppres-
sion of spinal cord activity or by an action on opiate
receptors throughout the central nervous system.

Ketamine has a rapid onset of action attributable
to its high lipid solubility, and a short duration of
action owing to redistribution out of the central
nervous system. These features make it very simi-
lar to the barbiturate induction agents such as so-
dium thiopental. When ketamine is administered
intravenously, peak plasma levels are achieved in 1
minute, while peak plasma levels following an in-
tramuscular dose are reached by 15 minutes after
the injection. Anesthetic effects last approximately
10 to 15 minutes, and analgesia may last as long as
4 hours. The elimination half-life of ketamine from
the peripheral tissues is 2 to 3 hours. Therefore,
despite the swift termination of its hypnotic effects
after an initial injection, prolonged sedation may
ensue from repeated doses or infusions. The devel-
opment of tolerance to ketamine may occur follow-
ing repeated exposures.

Does ketamine meet the requirements for combat
casualty anesthesia? Certainly, it is an extremely
useful agent in this setting. Among its many valu-
able attributes, ketamine

® is nonlabile in solution and easily trans-
ported in powdered form, and can be deliv-
ered intravenously or intramuscularly;

e provides a rapid, smooth induction to sur-
gical depth anesthesia, as well as an accept-
ably briefinterval to termination of its seda-
tive effects;

e is a profound analgesic, unlike other non-
narcoticintravenous anestheticagents; and

e allows the patient’s stable cardiovascular
and respiratory physiology to be main-
tained, with consequent preservation of
blood pressure and airway reflexes.

This last point is probably the most significant.
However, this is not meant to imply that a patient
under ketamine anesthesia can be left unattended,
since apnea, airway obstruction, aspiration of gas-
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tric contents, and hypotension may still be seen.
Rather, the use of ketamine allows the administration
of general anesthesia by relatively unskilled person-
nel with an increased margin of safety when com-
pared to other, more conventional methods. While
not an ideal situation, this may be unavoidable in
times of war. On the negative side, ketamine anesthe-
sia has two major drawbacks in the battlefield setting:

e Time to full recovery is prolonged when
the drug is used as a maintenance agent,
compared with the inhaled anesthetics and
many other intravenous drugs.

e The psychic phenomena accompanying
emergence may be severe in young soldiers.

Nonetheless, it is clear that ketamine’s unique char-
acteristics make it an important tool for use in
combat surgery.

Physiological Effects

Central Nervous System. Ketamine has potent
analgesic actions. However, because of its unique
nervous system effects, the administration of
ketamine produces an anesthetic state unlike that of
more traditional agents such as thiopental or the
opioid narcotics. Thus, it can be difficult to assess
anesthetic depth. When surgical anesthesia is
achieved with ketamine, the patient’s eyes may
remain open and exhibitnystagmus as well asintact
corneal and light reflexes. Myoclonus is observed
frequently, as are actual purposeful movements
thatare notnecessarily in response to painful stimuli.
Even with very small doses of ketamine, patients
may lose a sense of contact with their environment
and an ability to think coherently. Nonetheless,
with appropriate dosing, a trancelike state accom-
panied by profound anesthesia can be achieved,
which allows surgery to proceed. A good approach
to assessing the adequacy of anesthesia under
ketamine is to aim for suppression of reaction to
surgical stimulation.” In other words, the goal
should not necessarily be a completely motionless
patient but rather the dissociative state.”

An unfortunate aspect of ketamine’s central ner-
vous system effects is a phenomenon known as the
emergence reaction. This refers to an altered mental
state experienced by many patients on awakening
from the drug, and is characterized by vivid dreams,
floating or “out-of-body” sensations, disorienta-
tion, and hallucinations. Although these feelings
usually end on full awakening, some patients may
experience flashbacklike sensations as late as sev-
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eral weeks after receiving ketamine.” Frequently
they are very disturbing to the patient. The incidence
of emergence reactionsis on the order of 5% t0 30%."7*
Predisposing factorsinclude age older than 16 years,
female gender, a history of emotional problems,
and a history of an active dream life. This phenom-
enon also occurs more commonly when ketamine is
givenrapidly, inrelatively large intravenous doses,
and when atropine or droperidol are given as
premedicants. Finally, many anesthesiologists be-
lieve that psychic disturbances are exacerbated by a
noisy or otherwise stimulating environment.

The most effective prophylaxis against emer-
gence reactions appears to be the concomitant use
of a benzodiazepine drug.*** These drugs are use-
ful either as premedicants or when administered
during the course of an operation. When ketamine
is used solely as an induction agent, followed by
maintenance of anesthesia with other drugs, emer-
gence reactions are virtually unheard of in cases
lasting longer than 45 minutes.” Some investiga-
tors" suggest preoperative and postoperative coun-
seling regarding possible psychic phenomena as a
very effective means for reducing their incidence.

Cardiovascular System. Ketamine causes dose-
related increases in arterial blood pressure and heart
rate. These effects are believed to derive from direct
sympathetic stimulation. Heart rate, blood pres-
sure, and cardiac output are increased, with vari-
able effects on stroke volume and systemic vascular
resistance. These effects make ketamine a very
valuable drug for the induction of anesthesia in pa-
tients who are suffering from hypovolemic shock."”

In addition to sympathetically mediated cardiac
stimulation and vasoconstriction, ketamine has been
shown to dilate vascular smooth muscle and to
depress myocardial function by direct actions.”® If
the sympathetic nervous system is depressed by
anesthetic or other drugs, or if the patient is criti-
cally ill, a bolus injection of ketamine may cause
profound cardiovascular collapse. Ketamine-in-
duced direct myocardial depression and peripheral
vasodilation are usually effectively masked by its
sympathomimetic actions. In the absence of a fully
functioning autonomic nervous system, the pre-
dominant cardiovascular effect of ketamine is to
depress cardiac function."" At least one authority®
has observed decreases in cardiac performance fol-
lowing the use of ketamine in the setting of acute
trauma, but most investigations of the cardiostimu-
latory effects of ketamine in the presence of hemor-
rhagic shock have shown a significant increase in
both systolic and diastolic blood pressure.** Car-
diovascular stimulation may be attenuated by in-



haled anesthetic agents, sodium thiopental, or
premedication with a benzodiazepine."”*

Respiratory System. In contrast to the narcotics
and barbiturates, ketamine preserves the respira-
tory response to carbon dioxide."” Decreases in the
partial pressures of oxygen in arterial blood (Pao,)
are modest and transient at commonly used doses.
Significant respiratory depression occurs when
ketamine is given rapidly in high doses.

Ketamine is known to produce bronchial smooth-
muscle relaxation, whichincreases pulmonary com-
pliance in patients with bronchoconstriction."”
Tracheopharyngeal reflexes are maintained to a
greater extent than with other commonly used in-
duction agents, but pulmonary aspiration of gastric
contents may occur at even relatively low doses.
Finally, salivation is markedly increased on admin-
istration of the drug.**”!

Relative to other intravenous agents, the effects
of ketamine on the respiratory system increase its
margin of safety in the field setting. It maintains
respiratory drive in the spontaneously ventilating
patient, minimizes airway reactivity, and preserves
airway-protective reflexes, at least in part. How-
ever, this in no way obviates the need for skilled
airway management, as respiratory depression or
tracheal soiling or both are still possible, particu-
larly when the casualty is not only acutely trauma-
tized but also in a chaotic setting.

Contraindications

Based on the physiological effects just presented,
several clinical conditions constitute contraindica-
tions to the use of ketamine. As mentioned, since
postanesthetic emergence reactions are a trouble-
some side effect, ketamine probably should not be
used when there is preexisting psychopathology.

Ketamine raises intracranial pressure by increas-
ing cerebral blood flow and systemic blood pres-
sure."" Likewise, intraocular pressure is increased.
Ketamine is therefore contraindicated in casualties
who have closed head or penetrating eye injuries,
and in all other situations where intracranial or
intraocular pressure is raised.

Clinical Use

Ketamine is available in a variety of strengths,
most commonly 10 mg/mL, 50 mg/mL, and 100
mg/mL. The usual intravenous induction dose is 1
to2mg/kg. (The intramuscular dose for induction
of anesthesia is 5-10 mg/kg). Following anintrave-
nous induction dose, ketamine is rapidly distrib-
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uted to the brain and other vessel-rich groups in a
manner analogous to that of thiopental. For short
surgical cases, repeated boluses of one half the
induction dose may be administered at appropriate
intervals as needed. As an alternative to this tech-
nique, a solution of 0.1% ketamine may be prepared
(1 mg/mL) and a continuous infusion maintained
at a rate of 25 to 50 ug/kg/min.

Termination of ketamine’s action is due to redis-
tribution (the distribution half-life is 7-11 min) and
hepatic metabolism. The elimination half-lifeis 2 to
3 hours. Effective analgesia is possible with
subanesthetic bolus doses of ketamine (0.25 to 0.5
mg/kg).

Initial enthusiasm for ketamine as a possible
single-agent, total, intravenous anesthetichas waned
somewhat as actual field trials have demonstrated
its inadequacies. For example, experiences with
ketamine in the Falkland Islands and Southeast
Asia have yielded mixed results. In Cambodia,
British anesthetists have used ketamine as a sole
agent for superficial procedures and brief minor
surgeries, but they reported prolonged recovery
times, particularly whenbenzodiazepines were used
as a prophylaxis against emergence reactions. In
addition, they noted rare laryngospasm and other
airway compromise.” During the Falklands War,
total intravenous anesthesia was employed with
success in operations of short duration not involv-
ing the body cavity. For more major surgeries in
patients in hypovolemic shock, ketamine was rec-
ommended as an induction agent and adjunct to
maintenance with halothane. In the cases described
using this technique, recovery time was not appre-
ciably prolonged despite the routine administra-
tion of diazepam at the end of the procedures.
Emergence phenomena were not an issue.”® The
consensus drawn from these two experiences is that
ketamine delivers adequate anesthesia only for pe-
ripheral procedures and when used with abenzodi-
azepine to prevent postoperative delirium.

In the large majority of cases, airway reflexes
were preserved. While supplemental inhaled agents
were deemed necessary for casualties who required
intraabdominal surgery, total intravenous anesthe-
sia was used successfully for over one half of the
casualties who presented to this group of anesthe-
sia providers, owing to the superficial nature of the
surgeries involved. Therefore, with a few provisos,
it would appear that ketamine as a sole agent is a
feasible anesthetic for many situations encountered
in wartime.

A marked improvementin outcome was achieved
through the introduction of an infusion technique,
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which reduces the total administered ketamine dose.
Two large series”* describing both minor and ma-
jor abdominal procedures under continuous
ketamine infusion report minimal prolongation of
recovery time, with favorable respiratory and car-
diovascular effects. Nitrous oxide and muscle re-
laxants were used, as was diazepam. Very encour-
aging work has been done by anesthetists in South
Africa who have used a ketamine infusion with
only muscle relaxation and oxygen-enriched room
air for major abdominal cases.”® A critical feature of
their work was the use of a benzodiazepine as the
induction agent, which served to prevent emer-
gence phenomena but also prolonged the recovery
phase. The clear advantage of such a technique
to field anesthesia is that the need to transport
compressed gas could be reduced or eliminated
by maintaining anesthetized casualties on room
air.

Minor Procedures and Transport. Ketamine can
be used in a wide range of situations encountered in
a field hospital. It probably is most effective in
providing anesthesia for peripheral or surface pro-
cedures. For minor operations such as debridement,
incision and drainage, and delayed primary clo-
sure, ketamine may be delivered as a bolus of 0.25 to
1.0 mg/kg, administered intravenously, or 1 to 4
mg/kg, administered intramuscularly. These doses
are also appropriate for analgesia during transport.
Airway reflexes and respiratory drive generally
remain intact in this dose range. Repeat doses may
be required at 5- to 15-minute intervals. Another
approach is to administer a continuous infusion of
5 to 20 ug/kg/min throughout the procedure. A
similar dosage schedule is appropriate for analge-
sia during transport. Benzodiazepines in small
doses will attenuate psychic disturbances, although
these are seldom significant with low-dose
ketamine.%%

For minor surgery such as superficial soft-tissue
debridement or brief genitourinary or general sur-
gery, general anesthesia can be accomplished using
ketamine 2 mg/kg intravenously or up to 10 mg/kg
intramuscularly. Repeat doses may be titrated to
abolish purposeful movements or nystagmus. Care
must be taken to monitor airway adequacy at these
doses, and supplemental oxygen is prudent. How-
ever, this technique still represents a relatively safe
approach to general anesthesia in a setting where
skilled personnel and elaborate equipment or com-
pressed gases may not be available. Emergence
reactions will pose a problem at these doses, and
administration of abenzodiazepine will necessitate
more expert and vigilant care of the airway. Recov-
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ery time may take up to 45 minutes or longer,
especially if other anesthetic agents are used. Re-
covery from low-dose ketamine should be well un-
der 30 minutes.”?’

Major Procedures. In patients suffering from
hypovolemia, severe anemia, or cardiovascular com-
promise, ketamine is an excellent choice for an
induction agent.”* While most intravenous induc-
tion agents cause hypotension, ketamine generally
will preserve blood pressure and cardiac output in
casualties in hypovolemic shock. Doses for induc-
tion of anesthesia are in the range of 1 to 2 mg/kg
intravenously or 4 to 6 mg/kg intramuscularly,
with decreased doses as appropriate when the pa-
tient is severely ill or in profound shock. Ketamine
is suitable for use in patients with full stomachs,
with the usual precautionary measures such as ap-
plication of cricoid pressure and preoxygenation.
In the previously healthy, normovolemic patient,
ketamine induction may result in undesired blood
pressure elevation.

Ketamine can be used to maintain surgical anes-
thesia for major intraabdominal or intrathoracic
cases in combination with inhaled agents, particu-
larly when hypotension limits the dosage of the
latter. Following induction, ketamine may be ad-
ministered intravenously at 15- to 30-minute inter-
vals, as needed, in boluses of 0.5 to 2.0 mg/kg. The
patient breathes a low dose of a volatile agent deliv-
ered via a field anesthesia machine or similar equip-
ment, or the agent is given via positive-pressure
ventilation as necessary. If available, nitrous oxide
may be used to supplement ketamine maintenance.
Abenzodiazepine administered during the operation
willreduce the incidence of postoperative delirium."”

Alternatively, a continuous ketamine infusion
will maintain surgical anesthesia.®®*° Use in combi-
nation with another agent will minimize the total
ketamine dose. Usually, 10 to 30 ug/kg/min with
50% to 70% nitrous oxide or a background volatile
agent will be sufficient. Again, abenzodiazepine is
recommended. An antisialagogue such as atropine
or glycopyrrolate will minimize salivation and up-
per-airway secretions.

Total Intravenous Anesthesia With Ketamine.
Finally, when compressed gases are not available,
ketamine can act as the primary agent in a total
intravenous anesthetic for major operations. The
best results have been obtained using a benzodiaz-
epine for induction, followed by intubation using a
muscle relaxant, and then initiation of a ketamine
infusion (see Table 10-3) in the range of 2