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274 & Pharmacology

Table 11.1. Characteristics of an ideal injectable anesthetic.

I. Physiochemical and pharmacokinetic
a. Water soluble
b. Long shelf life
c. Stable when exposed to light
d. Small volume required for induction of anesthesia
Il. Pharmacodynamics
. Minimal individual variation
. Safe therapeutic ratio
. Onset, one vein to brain circulation time
. Short duration of action
. Inactivated to nontoxic metabolites
Smooth emergence
. Absence of hbmv:ﬁmxa
. Absence of histamine release
lll. Side effects
a. Absence of local toxicity
b.XNo effect on vital organ function, except anesthetically
desirable effects on the central nervous system

JTQ S0 00 0L

lipophilicity will increase a drug’s potency and rate of onset and
shorten its action.

Several imidazoles have hypnotic activity. This activity in such
a molecule requires an alkyl branched carbon atom between the
ary! moiety and the imidazole nitrogen and an ester moiety.
Etomidate is the most widely used imidazole anesthetic deriva-
tive. Propofol is a diortho-substituted phenol with strong hyp-
notic actions. Sleep time increases with side-chain length.
Potency increases with the length of the side chain up to a total
of seven to eight carbon atoms. Longer chains decrease potency,
while induction and recovery times are prolonged. The arylcy-
cloalkylamines, of which ketamine is a derivative, derive their
anesthetic activity from a cyclohexanone ring geminally substi-
tuted with an aromatic ring and a basic nitrogen. The potency of
these compounds is influenced by substitution on the nitrogen,
but their pharmacological activity is unaffected.

An often-overlooked aspect of structure-activity relationships
is the role of stereoisomerism to biological activity. Except for
the asymmetrical centers, the stereoisomers of a given molecule
are physically and chemically identical. Nevertheless, activity is
predicated on the active stereoisomer of a given neurotransmitter,
hormone, or drug interfacing with the chiral active center of a re-
ceptor or enzyme. Because side effects are often caused by non-
specific action of drugs, the inictive stereoisomer can contribute
to side effects of racemic mixtures. Some isomers may have the
opposite effect on a receptor or enzyme than that of the active
isomer. Several barbiturates have asymmetrical carbon atoms
with isomers of varying potency. Nevertheless, all barbiturates
are marketed as racemic mixtures. The (+) isomer of etomidate
has hypnotic activity and is the only anesthetic to be marketed as
a single active isomer. The stereoisomers of ketamine vary in
their hypnotic and analgesic potency, with the (+) isomer being
threefold more potent than the (—) isomer. The (—) isomer pro-
duces more untoward emergence reactions. Nevertheless, keta-

mine is marketed as a racemic mixture. Neither propofol nor the

benzodiazepines have asymmetrical carbon atoms.!

Mechanisms of Action

The complexity of the CNS has contributed to the lack of a full
understanding of the mechanisms of action of injectable anes-
thetic drugs. No drug has a single action. Some theories suggest
that anesthetics alter cell membranes. Other theories emphasize
interaction with neurotransmitter-receptor-ionophore systems.
Considerable evidence suggests that most injectable anesthetics
alter y-aminobutyric acid (GABA)-mediated neurotransmission.
GABA is an inhibitory neurotransmitter that activates postsynap-
tic receptors that, in turn, increase chloride conductance, thus hy-
perpolarizing and inhibiting the neuron. The specific mechanism
of action of each injectable anesthetic will be described subse-
quently in this chapter.

Barbiturate Drugs

Barbituric acid was first prepared by Conrad and Gutzeit in 1882.
In 1903, Fischer and von Mering introduced a derivative, diethyl
barbituric acid (veronal or barbital), for use as a hypnotic.
Fischer is believed to have named the drug veronal from the
Latin vera, because he thought it to be the “true” hypnotic.

Chemical Structure

The barbiturates all contain a pyrimidine nucleus produced by
the condensation of malonic acid and urea (Fig. I'1.1). Barbituric
acid itself has no hypnotic activity. Substituting alkyl or aryl
groups on the R; or R, positions (Fig. 11.2) produces various
compounds with hypnotic activity. Replacement of the oxygen
atom in position X by a sulfur atom produces the ultra-short-
acting thiobarbiturates.

H
_ H
N —_— oC H _
™ OJ N ——C =0
| | &)} 4
I | \ M
o= | + —>0=C(2 (5)¢ + 2H20
| _ \ / \ “SH
8] (6)
| HOI N (68) =0
N L———- oc H _
| I
Urea + Malonic Acid-——> Barbituric Acid + Water

(Malonylurea)

Fig. 11.1. Formation of barbituric acid from urea and malonic acid.

Fig. 11.2. General formula of the barbiturates.
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276 e Pharmacology

Table 11.3. Historical and clinical data of the oxybarbiturates and thiobarbiturates.

Oxybarbiturates
Agent Generic Name Pentobarbital Secobarbital Hexobarbital
Trade name Nembutal Seconal Evipal
Sodium Sodium Sodium
Registered by Abbott Registered by Registered by
Laboratories Eli Lilly Parke, Davis
Chemical name Sodium Sodium Sodium
5-ethyl-5(1-methylbutyl)- 5-allyl-5-(1-methylbutyl)- 1,5-dimethyl-5-(1-cyclohexenyl)-
barbiturate barbiturate barbiturate
Formula w C11H17N203 ) C12H17N203 C12H15N20s5
Na * Na Na

Discovery of compound

1930 by Volwiler

1930 by Shonle

1932 by Krepp and Taub

_u_moo<<m2 of anesthetic or
relaxant properties

1930 by Volwiler and Tabern

1931 by Swanson

1932 by Weese and Scharpff

Type of compound

5-Substituted barbiturate

5-Substituted barbiturate

N-substituted barbiturate

Molecular weight

248.26

260.27

258.25

Buffer employed

None

None

None

Preservative or stabilizing
agent used

None

Phenol, 0.25%, and poly-
ethylene glycol 200, 50%

None

Thermostability

Precipitates on heating

Precipitates on heating

Free acid melts at 146°C

Chemostability

Solution stable indefinitely

Solution stable up to 18 months
in sealed container; decom-
poses on exposure to air

Solution stable for 48 h if tightly
stoppered !

Onset of action

30-60 s

30-60s

30-60s

Duration of action

1-2h

1-2h

15-30 min

Route and/or organ of
detoxification or elimination

Detoxified by the liver

Detoxified by the liver

Detoxified by the liver

Usual mode of administration

Intravenous, intrathoracic,
intraperitoneal

Intravenous

Intravenous

Specific pharmacological
antagonist

Yohimbine plus 4-aminopyridine will partially antagonize pentobarbital and probably other barbiturates.
Oxygen administration and artificial respiration are recommended in respiratory arrest.

Solution pH

6% mixture
(10.0-10.3)

5% mixture
(9.8-10.1)

2.5% mixture
(8.5-10.5)

Adapted from data compiled by Dr. W. H. L. Dornette and published by the Ohio Chemical and Surgical Equipment Company.

General Pharmacology .

Racemic mixtures of the barbitarates are used both as hypnotics
and as general anesthetics. The principal effect of a barbiturate is
depression of the CNS by interference with passage of impulses
to the cerebral cortex. Barbiturates act directly on CNS neurons
in a manner similar to that of the inhibitory transmitter GABA.
At clinical drug concentrations, barbiturates have two mecha-
nisms of action at GABA, receptors. At lower concentrations,
barbiturates exert a GABA-mimetic effect by decreasing the rate
of dissociation of GABA from the GABA , receptor.”? At in-
creasing drug concentrations, barbiturates directly activate the
chloride-ion channel associated with the GABA 4 receptor.*> The

GABA-mimetic effects of barbiturates are thought to produce
their sedative hypnotic effects, whereas the direct chloride-ion
channel activation produces their anesthetic effects. Barbiturates
also inhibit the synaptic actions of some excitatory neurotrans-
mitters such as glutamate and acetylcholine.®® The role of this
action in the production of the anesthetic state remains uncertain.

Ganglionic transmission is approximately 20 times more sen-
sitive to pentobarbital than is axonal conduction.® The fast exci-
tatory postsynaptic potential (EPSP) is approximately 10 times
more sensitive to pentobarbital than are the slow potentials (slow
EPSP and slow inhibitory PSP). Phenobarbital also exerts some
degree of selectivity toward the fast EPSP. Anesthetic concentra-
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Table 11.4. Leukocyte counts and packed cell volumes (PCVs) in 12 dogs after barbiturate anesthesia.
Pentobarbital Thiopental Thiamylal Methohexital
Leukocytes Leukocytes Leukocytes Leukocytes
Time in minutes x 108 PCV, % x 108 PCV, % x 108 PCV, % x 108 PCV, %
-30 13.7 +1.52 50+1.2 124 +1.0 49 +1.2 125+ 1.1 485+ 15 13.4+1.4 50+1.4
Anesthesia begins 136 +1.5 48+ 1.5 122+ 0.9 47 +1.0 127 +1.0 48 + 1.2 135+1.4 49 + 1.1
+30 108+1.3 40 £ 1.2 108+1.0 4014 108 +1.0 41+£1.2 109+ 1.2 42 + 0.7
+60 109+ 1.3 40+1.5 10.7 £ 0.9 40+1.6 10.1+£1.0 4114 11014 42 +1.0
+120 107 £ 1.4 40+14 109 1.1 42+ 1.6 103 +£1.1 43+1.2 11112 44 +1.0
+180 108+1.3 41+£1.0 11.3+1.2 42 £ 1.3 107 11 43 +£1.2 109 +1.4 4 + 11

2Mean + standard devjation.
From Usenik and Cronkite.!0

A3
Table 11.5. Leukocyte counts and packed cell volumes (PCVs) in

six splenectomized dogs (two trials per dog) after pentobarbital
anesthesia.

Time in Minutes Leukocytes X 103 PCV, %
-30 14.2 £ 1.02 465+ 1.6
Anesthesia begins 139 +1.0 46 + 1.9
+30 116 +1.1 45+ 1.8
+60 11.2+1.0 45+1.8
+120 11.0+1.1 45+1.8
+180 11.0+1.0 45+1.9

@Mean + standard deviation.
From Usenik and Cronkite.!0

hibitor, can markedly prolong recovery from pentobarbital anes-
thesia.

Barbiturates administered during the prenatal period can pro-
duce permanent alterations in sexual H.E::JJ\ of hamsters and
rats,!>13 and perhaps an increased incidence of congenital mal-
formations in humans.1%15

Distribution
Barbiturates diffuse throughout the body, penetrating cell walls
and crossing the placenta. The extent of ionization, lipid solubil-
ity (partition coefficient), and protein binding are the three most
important factors in distribution and elimination of barbiturates.
Barbiturates are sodium salfs of barbituric acid derivatives.
When dissolved in water, they iofiize. The degree of ionization is
determined by the pH of the solution and the dissociation constant
(pKa) of the agent. This dissociation constant is the pH at which
the compound exists in equal quantities in the dissociated (ionized
or polar) and undissociated (nonionized or nonpolar) forms (Fig.
11.4). For a barbiturate to penetrate the lipoid layer of cell mem-
branes, it must be in the undissociated or nonpolar form (Fig.
11.5). The more acidic the solution is containing the drug, the
more undissociated form that exists and the greater the amount
that can penetrate cell membranes to produce deeper anesthesia.

pKa =dissociation constant

or
pH at which equal amount of drug
is in ionized and unionized forms.
HAL___2H* + A

Barbiturate pKa
Thiopental 7.4
Secobarbital 7.9
Pentobarbital 8.0
Fig. 11.4. Dissociation of barbiturates.
1
Plasma Lipoid Cell
Membrane
—_—
HA : HA
H* + A™ H* + A™

Fig. 11.5. Barbiturate dissociation. Cell membrane is permeable
only to undissociated (nonionized) barbiturate.

The reverse is also true: The more alkaline the solution is, the
greater the dissociation and the lesser the cell penetration.

At a blood pH of 7.4, a barbiturate assumes a “normal” distri-
bution within the cells of the CNS and produces the desired de-
gree of anesthesia. A change in blood pH, however, may lead to
a change in the depth of anesthesia. An increase in acidity, such
as commonly occurs with respiratory or metabolic acidosis, in-
creases the depth. An increase in alkalinity, caused by hyperven-
tilation or administration of alkalinizing agents, increases disso-
ciation, and barbiturate migrates outward from the cells to the
plasma, and anesthesia will :mwas.a Alkalinization of the urine
also decreases tubular reabsorption.

The undissociated form has a high affinity for nonpolar sol-
vents. This varies between compounds, as shown in Table 11.6.
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The “Glucose Effect”?

A unique reanesthetizing action, termed the glucose effect, has
been observed in animals recovering from barbiturate anesthesia
that were subsequently given glucose. A species variation in sus-
ceptibility to this effect has been demonstrated: Guinea pigs,
chickens, pigeons, rabbits, and hamsters are susceptible; dogs are
intermediate; and mice, rats, goldfish, and tadpoles are refractory
or negative. Intermediates in the glycolysis of glucose and in the
Krebs cycle have been shown to have the same effect. The glu-
cose effect presumably occurs with most barbiturates and thio-
barbiturates, but not with inhalation or other anesthetics. Glucose
causes a decrease in activity of the components of the microso-
mal electron chain, resulting in decreased microsomal metabo-
lism.!® A studygen the glucose effect on respiration and elec-
troencephalogram in dogs following pentobarbital administration
found no evidence of significant deepening of anesthesia as
_.cam.ma by cortical depression, decreasing rate or depth of respi-
ration, or a decrease in minute volume.!?

Epinephrine given intravenously (IV) to dogs or mice also
causes a return of sleep on awakening from hexobarbital or chlo-
ral hydrate anesthesia. Norepinephrine is less effective in produc-
ing this effect.2 This phenomenon presumably is caused by in-
creased glucose levels in the blood and should be remembered
when the use of epinephrine is considered in barbiturate-
anesthetized dogs. The effect of glucose, sodium lactate, and ep-
inephrine on thiopental anesthesia in dogs has also been studied
(Table 11.9). The glucose effect does not appear to be of practi-
cal concern as long as these drugs are used in therapeutic doses.?!

Therapeutic Uses

Barbiturates are used to induce sedation and hypnosis, as anti-
convulsants, and as anesthetics. Their use as sedatives and hyp-
notics in low doses has been supplanted, in most instances, by
tranquilizers. The ability of barbiturates to depress the motor cor-
tex has been used to treat convulsions associated with poisoning,
particularly strychnine, “running fits,” distemper encephalitis,
and overdosage of local anesthetics. In modemn veterinary medi-
cine, the thiobarbiturates are primarily used as induction agents
or short-acting anesthetics, whereas pentobarbital is now used
sparingly because of its propensity to cause prolonged, rough re-
coveries when administered in anesthetic doses.

Addiction

Although barbiturate addiction can be produced in animals, it is
by its very nature self-limiting; however, in humans, repeated
oral use of barbiturates as soporifics or sedatives may become
habit forming. For this reason, legislation in many countries pro-
hibits use of these drugs without a prescription. Veterinarians
should be acquainted with applicable laws regarding the use and
sale of barbiturates to avoid infraction and to prevent liability.

Oxybarbiturates

Phenobarbital Sodium

Phenobarbital was synthesized in 1912 in Germany and marketed
under the trade name Luminal. It is a long-acting barbiturate, and
advantage has been taken of its prolonged action in treating var-

Table 11.9. Relative ability of glucose, sodium lactate, and
epinephrine to cause anesthetic rebound? in dogs recovering from
thiopental anesthesia.

Dogs Average
Dogs Given Rebounded Increase
Injections _____ inSleep
Drug and Dosage (No.) (No.) % Time (%)
Glucose, 600.0 18 2 11.1 47.9
mg/kg
Sodium lactate, 18 7 38.9 48.9
60.0 mg/kg
Epinephrine, 13 11 84.6 38.8
0.1 mg/kg
Saline solution, 12 . 0 0 0
1.0 ml/kg

2Apparent reanesthetization as indicated by loss of voluntary and invol-
untary movements and possible loss of pedal reflexes.
From Hatch.2!

ious convulsive disorders (Fig. 11.3). In control of convulsions
caused by distemper encephalitis, it appears to be as effective as
any of the newer drugs and considerably cheaper. Because it is
excreted slowly in the urine, it tends to be cumulative. An oral
loading dose should be administered first, followed by a daily
maintenance dose. In average dogs (10 kg), this would be 60 mg
initially, followed by 15 mg three times a day. Overdosage causes
loss of motor coordination; when this occurs, the dose should be
reduced. Serial assays on serum, saliva, and cerebrospinal fluid
have shown considerable daily fluctuation in phenobarbital lev-
els, even after several weeks of therapy. The phenobarbital con-
centration increases gradually in the three fluids up to doses of
9.0 mg/kg. Serum or saliva assays can accurately indicate the
phenobarbital concentration in cerebrospinal fluid.??

In animals suffering from strychnine poisoning, phenobarbital
solution may be given IV to effect in the same manner as one
would administer pentobarbital sodium. Phenobarbital is a he-
patic microsomal enzyme inducer. Concomitant administration
of phenobarbital and digoxin can shorten the biological half-life
of the latter by approximately 30%.23

Pentobarbital Sodium

This drug came into general use as an anesthetic agent for dogs
and cats in the early 1930s and slowly supplanted ether adminis-
tered by open-mask methods as the anesthetic of choice. By
1940, its use was widespread. Today, it has largely been replaced
by inhalation and balanced anesthetic techniques.

Commercial preparations of pentobarbital are racemic mix-
tures. Administration of subanesthetic doses is often associated
with CNS stimulation and preanesthetic excitation. The R-isomer
of pentobarbital causes a transient period of hyperexcitability be-
fore depressing the CNS, whereas the S-isomer produces rela-
tively smooth and progressively deeper hypnosis.>* Evidence
suggests the S-isomer is more potent, possibly because of in-
creased uptake by the brain.25-26
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Table 11.10. Cardiovascular responses to pentobarbital anesthesia in 12 dogs.

Time After Pentobarbital Administration
Parameters Control 0h? 0.5h 1h 15h 2h 25h
Systolic blood pressure 142 +3 116 + 5¢ 123 + 4° 121 £ 3¢ 122 + 3° 124 + 3¢ 130 + 3¢
(mm Hg) 100%P 82+3 87 + 86 +3 86 x 2 88+2 92 +2
Mean blood pressure 108 + 4 95 x 4° 104 + 4 106 £ 3 108 £ 2 111+ 3 117+ 3
(mm Hg) 100% 89 +4 97 + 4 99 + 4 101 +£3 104 £ 4 109 + 4
Diastolic blood pressure 83+3 804 89+4 93 + 3¢ 95 + 2¢ 90 £ 3¢ 105 £ 3°
(mm Hg) 100% 98 +5 109+5 115+ 6 117 5 122+ 6 127 £ 6
Pulse pressure (mm Hg) 59 +2.6 36 + 2.4° 34 + 1.9° 28 +2.2¢ 27 + 1.9¢ 26 +1.3° 25 +1.4°
Central venous pressure +1.44 + 0.7 +0.14+04°  -04:04° -1 00+05° -125+05° -1.08+0.5° -1.55+0.6°
(mm Hg) -~
Heart rate (beats/min) 96 £ 5 157 £ 5% 153 + 157 + 8¢ 141 £ 7¢ W35+ 7° 146 + 10°
100% 1679 | 165 + 168 + 9 155 + 10 146 £ 11 157 £ 12
Initial ventricular 7+04 9+ 04° 9.8 £ 0.5° 10.1 £ 1€ 12.5 £ 0.9° 13.8 £ 1¢ 14.7 £ 0.9¢
impise (angle in °) 100% 130+ 6 142 + 147 £ 15 180 + 11 193 + 11 212 + 11
Cardiac output (L/min) 1734 + 015 1.834+014 1.811x0.09 1.502+0.11° 1.324 £0.12° 1.195£0.10° 1.172 + 0.09¢
100% 1118 111 = 90 +5 79+6 71+5 705
Stroke volume 1862 11.8 +1° 123 + 10.1 £ 1° 9.5+ 1°¢ 9.4 £ 1¢ 8.9 £ 1°
(mL/beat) 100% 66 +4 68 + 54 +2 51+ 1 50+ 3 47 + 4
Total peripheral resistance 5287 + 558 4574 + 385 4819 + 419 6200 + 551 7370 + 696° B8535 + 942° 8864 + 1928°
(dynes-s/cmd) 100% 91+7 95+ 6 124 + 11 142+ 8 163 £ 10 168+ 8
PaO, (mm Hg) 93.5+3 60 + 5° 70 + 3° 73.5 £ 6° 70 + 6° 77 £ 4° 75 + 5°
100% 61+5 724 757 80+6 795 76+ 6
PaCO, (mm Hg) 309 0.8 409 + 3¢ 44 + 41 £ 3° 38 + 3¢ 38 + 3¢ 38 £ 3¢
100% 132+ 9 1415 133+ 8 1217 123+ 9 1237
pH arterial 7.38 + 0.01 727 +0.03° 7.27+003° 7.29+003° 7.30+0.02° 7.30+0.03° 732+ 0.03°
Temperature (°C) 38.8+0.2 38.7 £ 0.2°¢ 38.5 £ 0.2¢ 38.1 £ 0.2¢ 379+ 0.2° 37.6+02° 37.4+02°

a(), time values taken 3 to 5 min after intravenous pentobarbital.

bEach value indicates mean + standard error with percent of control = standard error below.

Denotes statistically significant changes with P < 0.05.
From Priano et al.?’
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Fig. 11.7. The relative percentage change in white cell counts with
intravenous pentobarbital sodium anesthesia in 12 dogs as com-
pared with control levels in unanesthetized dogs. The relative per-
centage distribution of lymphocytes and granulocytes is shown on
the same scale. From Graca and Garst.3

cesarean section causes high mortality among newborns.
Neonates can be viable at birth, but usually do not recover from
anesthesia and cannot nurse.

The duration of surgical analgesia with anesthetizing doses of

pentobarbital varies widely with individual animals, averaging
about 30 min. Complete recovery usually occurs in 6 to 18 h.
Occasionally, animals, particularly cats, may not rouse for as
long as 24 to 72 h.

Pentobarbital is no longer used in North America to produce
anesthesia in most small companion animals, cattle, and horses,
owing to the prolonged recovery period and marked respiratory
depression. It has been administered by slow intravenous injec-
tion (15 to 30 mg/kg) in foals and young cattle. Because of pro-
longed recovery, pentobarbital should not be administered to an-
imals younger than 1 month of age. In adult cattle, anesthesia has
been induced with 14 mg/kg IV; half of the dose is injected rap-
idly, the animal is positioned on its sternum, and the remainder is
injected slowly to effect.3” Pentobarbital has also been adminis-
tered with chloral hydrate or thiopental sodium to induce anes-
thesia in adult horses?® and in goats before administration of in-
halant anesthetics.>®

The intravenous anesthetic dose in adult goats is 30 mg/kg,
which maintains anesthesia for approximately 20 min. Anes-
thesia can be maintained by doses of 6 to 36 mg - kg~ ' - h™! of
pentobarbital. The induction and intubation dose ranges from 10
to 42 mg/kg. A similar technique for intravenous pentobarbital in
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284 & Pharmacology

gling.*? For this reason, the anesthesia produced is undesirable
except when followed by administration of an inhalant anes-
thetic. Under these circumstances, it proves to be a good drug for
induction, because its effects are short-lasting. One injection pro-
vides just sufficient time for intubation and administration of the
inhalant before its effect ceases, leaving horses anesthetized with
only the inhalant. The induction dose in horses is approximately
6 mg/kg. It must be given rapidly or anesthesia will not be
achieved.

Methohexital has been used to induce anesthesia in calves at
the rate of 3 to 5 mg/kg. A smooth, rapid induction enabling en-
dotracheal intubation is produced.*® Tn adult cattle, the dose for
induction is 6 mg/kg.** i

A high percegiage of the metabolites of methohexital is ex-
creted in the bile of dogs and rats. Following administration of
[!“Clmethohexital to dogs and rats, 30.1% and 82.7% of the ra-
dioactivity is found in the feces, respectively. Dogs excrete
21.7% in bile and urine in the first hour and 52.4% in 8 h.%5

Thiobarbiturates

Thiopental Sodium

Thiopental was the first thiobarbiturate to gain popularity as an
anesthetic agent for animals. It is the thio analog of pentobarbi-
tal sodium, and differs only in that the number 2 carbon has a sul-
fur atom instead of an oxygen atom attached to it. Thiopental
sodium is a yellow crystalline powder that is unstable in aqueous
solution or when it is exposed to atmospheric air. For this reason,
it is dispensed in sealed containers as a powder buffered with
sodium carbonate. It is usually mixed with sterile water or saline
to form 2.5%, 5.0%, or 10% solutions. Thiopental solutions
should be stored in a refrigerator at 5° to 6°C (41° to 42°F) to re-
tard deterioration. As solutions age, they become turbid and crys-
tals precipitate, which results in progressive loss of activity, but
does not increase its toxicity. Because the potency is decreased,
larger quantities of solution must be used to produce the desired
effect 46

The metabolism of thiopental” is exceedingly complex.
Following injection with thiopental containing radioactive sulfur
(®*S), monkeys produce at least 12 different metabolic products
that are excreted in the urine. About 86% is found in the urine
within 4 days after intravenous injection; small amounts are also
found in the tissues and feces.*’

The initial toxic effect produced by thiopental is a marked de-
pression of the respiratory centers. Both rate and amplitude are
affected. By 5 min after administration of thiopental, heart rate,
aortic pressure, peripheral vascular resistance, and left ventricu-
lar systolic and end-diastolic -pressures increase.*® Bigeminy is
common. Cardiac arrhythmias associated with thiobarbiturate
anesthesia can be accentuated by xylazine, halothane, methoxy-
flurane, and epinephrine.**2? Observed arrhythmias include
sinus tachycardia, bigeminy, extrasystoles, ventricular tachycar-
dia, multifocal ventricular tachycardia, and ventricular fibrilla-
tion. Administration of a lidocaine bolus concurrently with thio-
pental (11 mg/kg) reduces the cardiopulmonary depressive
effects of the latter and has been advocated for anesthetic induc-
tion of patients predisposed to cardiac arrhythmias.*®

Cumulative Action of
1st Thiopental

2d

3d

Injection

4th

] | | I |

15 30 45 60 75
Time, Minutes

Fig. 11.8. The average duration* of anesthesia after successive
hourly intravenous injections of equal doses of thiopental to dogs.
From Wyngaarden et al.!4?

During prolonged thiopental anesthesia, there is a pronounced
hyperglycemia, increased lactic acid and amino acids in blood,
and decreased liver glycogen.>? Insulin either prevents a decrease
or favors increased storage of liver glycogen. Repeated doses of
thiopental have a cumulative effect, as shown in Figure 11.8.
Prolonged periods of anesthesia may result from this effect if nu-
merous doses are administered.

Thiopental has an ultrashort action because it is rapidly redis-
tributed (e.g., into muscle tissue) and becomes localized in body
fat.>* As concentrations in the plasma, muscle, and viscera fall,
the thiopental concentration in fat continues to rise. On the other
hand, an appreciable amount is metabolized by the liver, and this
contributes to the early rapid reduction of arterial thiopental con-
centration.” The same effect occurs after a fatty meal. A high
chylomicron level in the.blood reduces sleeping time signifi-
cantly because thiopental is in more intimate contact with chy-
lomicrons and a smaller diffusion distance is present. Blood fat
is more potent than depot fat in decreasing thiopental sleeping
time.%® Leukopenia, hyperglycemia, elevated arterial partial pres-
sure of carbon dioxide, and decreased arterial partial pressure of
oxygen have been observed in thiopental-anesthetized horses
(Table 11.12) and are comparable to changes observed with the
use of other barbiturates and in other species.

For small animals, 1.25%, 2.5%, and 5.0% solutions of thio-
pental are used, depending on the animal’s size. Whenever con-
venient, the more dilute solutions should be used, because over-
dosing is less likely and irritation is less in the event of accidental
perivascular injection. As in other species, thiopental may be
used in dogs and cats as the sole anesthetic or for induction prior
to inhalation anesthesia. For rapid induction of anesthesia of
short duration, the dose is 10 to 12 mg/kg. Should 10 to 20 min
of surgical anesthesia be required, the dose range is 20 to 30
mg/kg. One-third of the estimated dose is injected rapidly within
15 s, and the remainder is administered slowly to effect. Addi-
tional doses may be administered to prolong anesthesia when re-
quired. Following large-dose administration, recovery (to stand-
ing) usually requires 1 to 1.5 h. Large doses will saturate the
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control is desirable. Intraperitoneal administration and intramus-
cular administration are not widely employed. The oral route is
slow and unpredictable, and therefore is used chiefly when seda-
tion is sought.

Care should be taken in selection of needles and syringes for
administration. In large species of animals, 12- to 18-gauge 1.5-
to 2.0-inch needles are used, depending on the quantity of anes-
thetic that must be injected rapidly to carry the patient through
the excitement stage. When large quantities are to be injected, a
vascular catheter is preferred. In smaller animals, 20- to 24-
gauge needles aid in venipuncture and help slow the rate of injec-
tion. There is a careless tendency to use large syringes on very
small animals. This is dangerous because the dose cannot be ac-
curately controlled. .wv syringe size commensurate with the dose
should always be employed; use of large mwazmoﬁc&% small
doses is an invitation to disaster. \

In many Ewomoom, an indwelling venous catheter is inserted
prior to Ynesthetic administration. This is used for anesthetic in-
jection and subsequent fluid administration during surgery. It
also helps ensure that inadvertent perivascular injection does not
occur when animals are transported. In small animals (weighing
less than 5 kg), it is advisable to dilute the anesthetic with sterile
water. By making a 100% dilution, more accurate dose control is
achieved.

When intravenous injection is to be made, hair over the vein
may be removed with clippers and the skin prepared by swabbing
with a suitable antiseptic. The latter procedure, in addition to
cleaning the area, tends to distend the vein. For intravenous anes-
thesia, the cephalic vein on the anterior aspect of the forelimb is
most commonly used in small animals. In dogs, the second
choice is generally the saphenous vein on the lateral surface of
the hind limb just proximal to the hock. In cats, the saphenous or
femoral vein on the inner surface of the thigh is a good second
choice. Other veins less frequently used are the jugular and the
marginal vein of the ear. In large dogs already anesthetized, the
lingual veins on the ventral surface of the tongue are easily ac-
cessible. These veins tend to bleed rather profusely, however. In
horses, cattle, and sheep, the jugular vein is used almost exclu-
sively. In swine, the marginal vein of the ear or the anterior vena
cava is most commonly employed.

In dogs, if injection is to be made into the cephalic vein of the
right foreleg, the assistant stands by the animal’s left side with
the left arm circling the dog’s neck and the right arm extended
over its back. The right hand grasps the right foreleg just below
the elbow. The right index finger is extended over the dorsal sur-
face of the limb, the thumb is held around the ventral surface of
the leg, and, by compressing thumb and forefinger, the vein is oc-
cluded, causing it to distend with blood. The assistant turns his or
her wrist slightly so that the skin covering the dorsal aspect of the
foreleg and the cephalic vein is rotated outward. The veterinarian
grasps the paw of the right foot with the left hand and, if the vein
is not easily seen, by rapidly squeezing the paw several times,
pumps blood from the paw to distend the vein. If the carpus is
flexed acutely, the vein is stretched tightly over the underlying
muscles and rolling is prevented. Good technique demands that
the needle used for injection be threaded into the vein so that the

hub is at the site of venipuncture. The leg and syringe are both
held in the veterinarian’s left hand during injection so they will
move as a unit if the animal moves. This prevents accidental re-
traction of the needle from the vein.

Persons experienced with administration of barbiturates to
dogs and cats usually estimate the weight of the animal and draw
an excess of solution into a syringe. The first one-third to one-
half of the dose is rapidly injected while watching the animal’s
facial expression closely. As injection is made, the animal often
licks its lips as though tasting the drug. Frequently, dogs move
the head from side to side as the anesthetic effect begins. These
movements arc seen early in the administration and indicate
more drug must be given. The eyes begin to lose their alert ex-
pression, and the animal then relaxes. As injection is continued,
the veterinarian can, with thumb and forefinger placed behind the
canine teeth, open the animal’s jaw. If in a light state of anesthe-
sia, the patient will further open the jaw, curl the tongue, and sim-
ulate a yawn. At this point, the cornea and pedal reflexes are still
present, and the animal is not in a state of surgical anesthesia.
Administration of anesthetic should be continued cautiously and
in small amounts, with careful attention paid to respiration and
reflexes. Surgical anesthesia is reached when the pedal reflex is
abolished. At this point, further administration of drug is not
necessary.

Intraperitoneal Injection

This has been employed extensively in the past, but has the dis-
advantage that the dose cannot be as accurately gontrolled as it
can by intravenous administration. Usually with this method, the
animal is restrained in a vertical position against the assistant’s
body with the animal’s abdomen facing outward. An area just lat-
eral to the umbilicus is clipped and a suitable antiseptic applied.
The needle is passed through the abdominal wall and the injec-
tion made. The dose for intraperitoneal administration is calcu-
lated in the same manner as the intravenous dose. The peak con-
centration in the blood is reached more slowly, and drug
absorbed into the portal system is subject to early metabolism.3*
This technique is not recommended in the clinical practice of vet-
erinary anesthesia and may be quite painful to the animal.

Intramuscular and Intrathoracic Injection

Under unusual circumstances, such as when wild animals are
anesthetized, intramuscular or subcutaneous injection of barbitu-
rates may be indicated. Because of their high alkalinity, there is
a tendency for tissue necrosis to develop following this proce-
dure. For moderate anesthesia, 30 mg/kg, and for surgical anes-
thesia of 1 to 2 h, 40 mg/kg of pentobarbital can be administered.
Induction requires about 15 min, and anesthesia reaches its peak
effect about 30 min after injection.

Although pentobarbital has been given intrathoracically using
the same dose as for intravenous anesthesia, veterinarians should
strongly oppose intrathoracic administration of anesthetic be-
cause there is risk of puncture to the heart, pericardium, and lung,
and barbiturates irritate the serosal surfaces. The latter fact can be
confirmed on necropsy of animals destroyed with intrathoracic
barbiturates. Pleural thickening, bronchitis, and coagulative
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Fig. 11.9. Duration of loss of righting reflex in mice given repeated
intravenous doses of Althesin and other anesthetics (five mice per
group). Second and subsequent doses were given 30 s after return of
the righting reflex. After Child et al.6%

h. This condition apparently occurs in females more often than in
males. Antihistamine administration reduces this occurrence.
In dogs and some other canidae, the use of polyoxyethylene de-
rivatives of hexitol anhydride partial fatty acid esters produces an
allergic response.®5 This response is manifested by a prolonged fall
in blood pressure and a positive skin wheal if the drug is injected
intradermally. Urticaria and erythema are believed to be caused by
the release of histamine or histamine-like substances. Cremophor
EL, a nonionic polyoxyethylated emulsifying agent used as the ve-
hicle in Althesin, elicits the same response. Apparently, allergic re-
actions can be caused by the vehicle (polyoxyethylated castor oil).
The reaction can be of the true-hypersensitivity type, which
requires previous exposure to the drug, or of the complement-
activation type, which requires no previous sensitization.%
Horses anesthetized with Althesin can develop violent pad-
dling and galloping movements during recovery, which can be
prevented by prior administration of xylazine (1 mg/kg).®” The
minimum dose of Althesin for induction of anesthesia is approx-
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Fig. 11.10. Anesthetic activity of Althesin in different species. After
Child et al.85

imately 1.2 to 1.34 mg/kg in non-premedicated horses. Although
xylazine administration lengthens the recovery time, its adminis-
tration would appear prudent.

The dose of Althesin for sheep is approximately 2.2 mg/kg I'V.
This produces light surgical anesthesia for 8 to 15 min. The aver-
age maintenance dose to produce surgical anesthesia for a 3-h pe-
riod is 0.23 mg - kg~! - min~!. Sheep given Althesin develop
bradycardia, with a decrease in systolic and diastolic pressures of
20% to 35% of preinjection levels. Left ventricular end-diastolic
pressure elevates, and cardiac output decreases. These parameters
return to normal within 6 to 8 min of injection. Myocardial de-
pression measured as a decrease in maximum dp/dt is produced.6’
Althesin has also been used to induce anesthesia prior to the ad-
ministration of inhalants to maintain anesthesia in ruminants
(goats, sheep, and young calves).®® The dose of Althesin for pigs
is approximately 6 mg/kg to produce 10 to 15 min of anesthesia.

In pigs known to develop malignant hyperthermia under anesthe-
sia, Althesin does not induce this reaction, and it has been used
safely in animals known to be susceptible to this condition.®”
Althesin decreases cerebral blood flow accompanied by a fall
in intracranial pressure in baboons.%? Neither of the two steroids
is extensively protein bound by the serum of rats, cats, horses, or
people. Approximately 60% to 70% of a radioactive dose of al-
phaxalone or alphadolone acetate is excreted as metabolic prod-
ucts in the feces during the 5 days following intravenous injec-
tion; the other 20% to 30% appears in the urine within the same

period.””
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SEDATION NARCOSIS ANESTHESIA  and degree of anesthesia obtained in clinical cases.
o . .
Urethan a humane method for achieving anesthesia or euthanasia.

This is prepared by heating urea with alcohol under pressure or
by warming urea nitrate with alcohol and sodium nitrite. The
drug is marketed in the crystalline state. One gram dissolves in
0.5 mL of water, the aqueous solution being neutral. It is most
often used as an anesthetic in laboratory animals and fish. The
lethal intravenous dose for rabbits is 2.0 g/kg. The dose for dogs
and cats is 0.6 to 2.0 g/kg. Up to 0.5 g/kg may be used as a hyp-
notic dose. .

Urethan is mutagenic, carcinostatic, and carcinogenic.”> Mice
given urethan develop an exceptionally high incidence of lung tu-
mors, regardless of the route of administration. Tumors also de-
velop in treated rats and rabbits. Concern over the health of indi-
viduals in prolonged contact with urethan or its solutions is
justified.”® For this reason, urethan is no longer commonly used
in any species.

Magnesium Sulfate

A saturated solution of magnesium sulfate has been used for eu-
thanasia. However, it should be administered only after animals
have been rendered unconscious with a barbiturate or another
rapid-acting anesthetic. In small animals, anesthesia has been
achieved with dilute solutions of magnesium sulfate; however,
the CNS is globally depressed and respiratory arrest often occurs
at anesthetic doses. Animals will become excited just prior to
collapse. Respiratory arrest likely is caused by complete neuro-
muscular block and paralysis of the muscles of respiration rather
than being a consequence of CNS depression. Therefore, one
cannot be assured that magnesium sulfate administered alone is

Magnesium sulfate is better thought of as a muscle relaxant and
CNS depressant than as a stand-alone anesthetic and is not rec-
ommended as such.

Metomidate

Metomidate hydrochloride is a hypnotic with muscle relaxant
properties. Its hypnotic effect is exerted on mammals, birds, rep-
tiles, and fish. Given alone, it induces sleep without analgesia.
General anesthesia can be produced by combining it with neu-
roleptics or analgesics. It is available in powdered form, which
dissolves readily in water to make 1% or 5% solutions. These so-
lutions have a pH of 2.9 and 2.4, respectively. Combined with the
butyrophenone tranquilizer azaperone, metomidate produces
anesthesia in swine for approximately 2 h. Respiration slows
and deepens. With rapid intravenous injection, apnea may occur.
The cardiovascular system remains stable. It is often used as a
sedative-anesthetic for fish.

Etomidate

This is an imidazole derivative that was synthesized in 1965 and
first used for induction of anesthesia in people in 1975. It is a
congener of metomidate and contains 2 mg/mL of the drug in
35% propylene glycol. Etomidate appears to work in a fashion
similar to that of propofol and the barbiturates in that it enhances
the action of the inhibitory neurotransmitter GABA.7"78 Single
injections produce relatively brief hypnosis. In dogs, doses of 1.5
and 3.0 mg/kg last 8 = 5 and 21 + 9 min, respectively.”® The du-
ration of hypnosis is dose related. Etomidate is rapidly hy-
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metabolic activity.?? Propofol decreases intracranial and cerebral
perfusion pressures. It transiently depresses arterial pressure and
myocardial contractility similar to the ultra-short-acting thiobar-
biturates. Hypotension is primarily the result of arterial and ve-
nous vasodilation. Propofol enhances the arrhythmogenic ef-
fects of epinephrine, but is not inherently arrhythmogenic.”

Propofol is a phenolic compound and, as such, can induce ox-
idative injury to feline red blood cells when administered repeat-
edly over several days. This toxicity is likely the result of the
cat’s reduced ability to conjugate phenol. Heinz bodies form, and
clinical signs of anorexia, diarrhea, and malaise can result.
Brief apnea may occur after induction with propofol. Animals
breathing spontaneously may experience hypercapnia for a short
period after rapid #6lus injection.®’ Propofol is primarily metab-
olized in the liver by conjugation pathways to Form inactive
metabolites, which are then excreted in the urine and, to a much
lesser extent, in bile.%8 Evidence suggests a variability in the ca-
pacity of the hepatic cytochrome P-450 enzyme system involved
in propofol metabolism among dog breeds.% This may explain
some of the breed variability in recovery times seen after propo-
fol administration (e.g., the slower recoveries seen in grey-
hounds). Propofol has been used for cesarcan section surgery
with generally good resulis 1% Because puppies have good
conjugation enzyme activity, there is minimal fetal depression
among neonates delivered from mothers anesthetized with
propofol.

Complaints of pain by people injected with propofol IV are
common. Pain likely occurs in small animals, but the prevalence
appears to be much less. Pain can be minimized by premedica-
tion with an opioid or a,-agonist and/or injection into larger ves-
sels. Propofol, unlike barbiturates, does not damage tissue when
injected perivascularly or intra-arterially. When combined with an
opioid, acepromazine, or an a,-agonist, propofol provides
dependable short anesthesia for procedures such as castrations,
ear flushes, exploration for foxtails, ultrasound examinations,
biopsies, and suturing of small lacerations. Additionally, the ad-
vantage of rapid smooth recovery is beneficial in patients with
chronic respiratory disease or those undergoing bronchoscopy or
transtracheal aspiration procedures. Light propofol anesthesia has
been advocated for patients undergoing upper-airway ex-
amination.'%!

Propofol is a satisfactory drug for immobilization of neonatal
foals when given in combination with 0.5 mg/kg of xylazine IV.
Immobilization is induced with 2 mg/kg propofol IV and main-
tained with 0.33 mg - kg~! - min~! IV. Cardiovascular changes
are characterized by decreaséd pressure and cardiac output, and
a decrease in respiration rate.”

Propofol anesthesia has been used in full-sized horses, as well.
It is usually employed in conjunction with an ay-agonist such as
detomidine or xylazine and can be used to maintain, as well as
induce, general anesthesia. The induction dose of propofol is 2 to
4 mg/kg administered TV to premedicated horses.102-104 Limited
data on maintenance of propofol anesthesia suggest an infusion
rate of approximately 0.2 mg/kg/min is acceptable.'%* The qual-
ity of the induction and recovery seen with the use of propofol in
horses is acceptable.!02-105

‘l’l

Alternative Methods of Anesthesia and
Analgesia

Hypothermia

As the body temperature of warm-blooded animals falls, their
metabolism is reduced, and therefore the need for oxygen is di-
minished. Oxygen uptake in dogs is reduced by approximately
50% at 30°C and 65% at 25°C.1% The metabolic rate of isolated
slices of rat heart is reduced 90% by lowering the temperature to
10°C.197 The potassium-arrested heart at 37°C used four times as
much glycogen and produced three times as much lactic acid as
the heart at 17°C.108 Thus, the heart, brain, liver, or other vital or-
gans can survive at a low temperature for a considerably in-
creased period when deprived of all or a portion of their blood
supply. Hypothermia may be artificially produced in the entire
body or in only a portion, such as the heart or head. It has found
its greatest usefulness in surgery of the heart and CNS.1®

The colder an animal becomes, the less oxygen is required by
a given organ. It has been shown, however, that the reduction of
oxygen consumption varies for different organs. For example, the
work done by the heart at 26° to 27°Cis a little less than that at
normal temperature, and while the general oxygen uptake by the
body at this temperature is reduced to 40% of normal, that of
the heart is still 50%. In monkeys, little change in cerebral oxy-
gen uptake occurs until a temperature of 31°C is reached 110 At
this point, it falls sharply, and through the next 4°C there is a
drop of about 25%. Below 27°C, oxygen consumption continues
to fall, but at a much slower rate. The relationship of cerebral
oxygen consumption to temperature is sigmoid rather than linear
(Fig. 11.12).

Several species of warm-blooded animals have been subjected
to drastic hypothermia. Smail laboratory animals can be cooled
to 0°C, and even lower, and still recover. Between 80% and
100% of rats recovered after being cooled to temperatures just
above the freezing point with cardiac and respiratory arrest for 1
h.111 Golden hamsters have been kept on ice with circulatory ar-
rest for up to 7 h. These animals even survived supercooling to
—5° or —6°C.112 When the circulation is maintained with a
pump-oxygenator, dogs have survived cooling to 1.5°C.13

To induce the hypothermic state as quickly as possible, shiver-
ing must be controlled, because it is an important mechanism in
protection against cold. Shivering is induced by an increased
temperature gradient between cold receptors in the skin and cen-
ters in the hypothalamus.!# Even without visible shivering, there
is general hypertonicity of the skeletal muscles, which resuits in
increased metabolic, heart, and respiratory rates. Shivering can
be prevented by deep anesthesia or by light anesthesia with cu-
rarization or tranquilization with a phenothiazine. The latter
drugs exert their effect through a peripheral action on muscle
fibers and on the hypothalamic temperature control center.

Moderate hypothermia produces a rectilinear decrease in anes-
thetic requirements (minimum alveolar concentration [MAC])
for cyclopropane, diethyl ether, fluroxene, halothane, and
methoxyflurane (Fig. 11.13).15 Moderate hypothermia also re-
duces the concentration of anesthetic required to produce apnea.
There is little difference between halothane, pentobarbital, and
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28°C and when the heart is manipulated. Fibrillation rapidly de-
pletes cardiac muscle energy stores. It occurs less frequently in
young animals than in adults. Hypercapnia with acidemia, hyper-
kalemia, and myocardial hypoxia also appears (o cause fibrilla-
tion. The incidence of spontaneous ventricular fibrillation has
been shown to vary with the anesthetic used to initiate hypother-
mia. For example, administration of pentobarbital produces a
higher incidence than does use of thiopental or ether.!1®

Several cardioplegic solutions have been used to stop the heart
and to prevent fibrillation. Hypothermia plus cardioplegia is more
protective of cardiac tissue than is hypothermia alone. 119120
Combined with deep hypothermia, cardioplegia solutions have
provided 30 min of cardiac arrest without heart-lung bypass.

During r%@oﬁoﬂ.ﬁm, clotting time is prolonged. In addition, the
platelet count decreases, hemoconcentration occurs with sludging,
and eosinophil and leukocyte counts decrease, accompanied by a
fall in the mean corpuscular hemoglobin concentration.

Profonged periods of hypothermia have detrimental effects on
patients.21-123 In dogs held at 29°C for 24 h, cardiac output and
whole-body oxygen consumption decreased progressively to 7%
and 28% of control, respectively. Cerebral blood flow and cere-
bral oxygen consumption responded similarly. On rewarming,
cardiovascular collapse with severe tissue hypoxia and metabolic
acidosis occurs. Cerebral blood flow becomes grossly inade-
quate, with depletion of brain energy stores. Hypothermia se-
verely damages the liver, kidneys, and adrenal glands in dogs
when temperatures of around 25°C are maintained for several
hours. 12 Short periods (1 to 2 h) of cooling, however, do not ap-
pear to cause demonstrable damage.

Hypothermia has been used for surgery of the heart and great
vessels, brain, and spinal cord, and in some other surgical proce-
dures. It also has been advocated in treatment of shock, stroke,
and cerebral and spinal contusion, and in prevention of brain
damage following a severe hypoxic episode. The chief factor lim-
iting its use alone in heart surgery is the danger of hypoxic brain
damage. For this reason, older patients and those with cardiac de-
fects requiring extensive repair should be managed with heart-
lung bypass. Hypothermia has also been used in dogs to remove
heartworms and to repair cardiac anomalies, but its use is not
widespread. This is probably because many veterinarians are un-
aware of the simplicity of the technique and do not appreciate its
potential.

Induction

To produce hypothermia in dogs, a phenothiazine tranquilizer
may be given IV as a Eom:nmﬁrmmo agent. A thiobarbiturate is in-
jected for general anesthesia, following which an endotracheal
catheter is inserted and an inhalant anesthetic is used for mainte-
nance. A slow intravenous drip of Ringer’s lactate solution or 5%
dextrose is started, and a muscle relaxant is given in the drip tub-
ing to abolish respirations. Controlled ventilation is then initi-
ated. Unless a cooling mattress is available, the animal is posi-
tioned in a sink, bathtub, or other container, with its head above
water. Electronic thermometer probes are placed in the esopha-
gus at heart level and in the rectum, and electrodes of an electro-
cardiograph are attached to the feet. From this point, constant

|\\

monitoring of the electrocardiogram on an oscilloscope is desir-
able, because cardiac fibrillation may occur at any time during
the cooling period and requires immediate corrective measures.

Tce water is used for rapid cooling. It should be constantly ag-
itated by hand or with a pump. The dog should be removed from
the bath before the desired body temperature is reached, because
temperature will continue to decline even after the dog’s removal
from the water.

After removal, the dog should be dried with towels and placed
on an inactive heating pad during the operative period.
Rewarming can then be started as soon as closure of the surgical
wound is begun. As anesthesia is discontinued and shivering
commences, the body temperature quickly begins to rise. If the
operation is short, rewarming in a water bath may be necessary,
along with administration of wﬁaowwwo and neostigmine to reverse
the effects of the muscle relaxant.

Electronarcosis and Immobilization

Electric stimulation of the brain can activate either opioid or
nonopioid pain-control pathways or both.125 Passage of electric-
ity through the brain to produce anesthesia has been investigated
for many years. In the veterinary field, clinical trials were con-
ducted by Sir Frederic Hobday in England as early as 1932.
Despite extensive research, much remains to be learned about
this technique. Early work documented the occurrence of respi-
ratory depression, hyperthermia, convulsions, and fatalities.
Electronarcosis may be of greatest use in situations where pro-
longed anesthesia is required for experimental purposes.

Most instruments deliver the current through needle electrodes
applied to the head. Direct, pulsating direct, and alternating cur-
rent have been used to produce electronarcosis. Alternating cur-
rent of 700 cycles, 35 to 50 mA, and approximately 40 V has
been employed.!26 Others have used combined direct and alter-
nating current, modified to produce a rectangular wave for 1.0 to
1.4 ms, with a frequency of 100 waves/s.27 Continuous electrode
contact is important to maintain electronarcosis anesthesia.
Individual variation among animals requires that the current be
adjusted for each according to the response observed.

Electronarcosis is characterized by convulsions on induction
unless a muscle relaxant is first administered. An exception to
this is the method employing direct current for induction and
then both direct and alternating current.!?’ Profuse salivation de-
velops on induction and continues throughout. This can be coun-
teracted by using atropine. Endotracheal intubation should al-
ways be performed. Hyperthermia, probably caused by
disturbance of the thermoregulatory center in the hypothalamus,
is commonly seen. The electroencephalogram immediately fol-
lowing anesthesia is decreased in amplitude and increased in fre-
quency, but returns to normal within 30 min. Brain lesions have
been found following electronarcosis,'?® and skin burns from the
electrodes have been reported.!?

Electronarcosis appears to produce severe stress, as evidenced
by an increased plasma level of hydroxycorticoids, epinephrine,
and norepinephrine (Fig. 11.15). The blood pressure rises sharply
and then gradually falls to near normal levels (Fig. 11.16). The
clotting time, sedimentation rate, hemoglobin, hematocrit, and
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used by sheep and cattle producers and some veterinarians for re-
straint and processing of food animals. This technique was rec-
ommended for minor surgery, although strong evidence exists
that electroimmobilization is aversive and does not eliminate
pain. Amnesia and unconsciousness are not achieved with the
manufacturer’s recommended electrode placement and electric
current application, and this technique may induce pain and dys-
phoria. Consequently, electroimmobilization is no longer widely
used, nor can it be recommended as a humane method of animal
restraint.!3?

Acupuncture

This technique has been advocated for providing analgesia dur-
ing the operative angpostoperative periods, to treat chronic pain,
and even to treat selected disease states. Charts for people and
farm animals (horses, cattle, and pigs) can be commonly found
in the Oriental literature. Acupuncture points can be stimulated in
many %Q@SE ways, including needling, injection of saline,
electric stimulation, and metal implantation. It has been shown
that electroacupuncture minimally decreases halothane MAC in
dogs. Although the mechanism of action of acupuncture has been
suggested to be the activation of the endogenous opioid neuro-
transmitter system, the administration of opioid antagonists does
not reverse acupuncture-induced decreases in halothane MAC.
Some investigators have indicated that acupuncture induces sur-
gical analgesia. However, there appear to be three reasons why
acupuncture should not be solely relied upon for surgical anes-
thesia: lack of restraint, inadequate analgesia, and lack of ade-
quate information on acupuncture points to be used for specific
surgical sites. These factors—along with the disadvantages of
unfamiliarity, time-consuming methods of application, and in-
consistent effects—have made acupuncture an unreliable and
nonviable method of producing general anesthesia. Acupuncture
may be best used for treatment of chronic pain in animals.
Treatment of laminitis and chronic back pain in horses has re-
portedly been effective.!3? See Chapter 24 for further discussion.

Physiological Hypnosis

Certain species of animals are highly susceptible to hypnosis
(immobility reflex). These include arthropods, amphibians, rep-
tiles, birds, guinea pigs, and rabbits. This modality is seldom
used in animal anesthesia because of a lack of analgesia associ-
ated with the state of physiological hypnosis. Hypnosis should be
viewed as a legitimate method of producing immobilization, not
anesthesia.
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