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Series Preface

The Practical Veterinarian series was developed to help
veterinary students, veterinarians, and veterinary techni-
cians find answers to common questions quickly. Unlike
larger textbooks, which are filled with detailed informa-
tion and meant to serve as reference books, all the books
in The Practical Veterinarian series are designed to cut to
the heart of the subject matter. Not meant to replace the
reference texts, the guides in our series complement the
larger books by serving as an introduction to each topic
for those learning the subject matter for the first time or
as a quick review for those who already have mastered
the basics of each subject.

The titles for the books in our series are selected to
provide information for the most common subjects one
would encounter in veterinary school and veterinary
practice. The authors are experienced and established
clinicians who can present the subject matter in an easy-
to-understand format. This helps both the first-time stu-
dent of the subject and the seasoned practitioner assess
information often difficult to comprehend.

It is our hope that the books in The Practical Veteri-
narian series will meet the needs of readers and serve as
a constant source of practical and important informa-
tion. We welcome comments and suggestions that will

vii
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help us improve future editions of the books in this
series.
Shawn P. Messonnier, D.V.M.
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Veterinary Anesthesia summarizes what I hope is practical,
useful information for learning the basic and clinical
principles and the daily practice of anesthesia. I would
like to thank my husband, Tom, and my children, Brad
and Sam, without whom this project would not have had
such meaning. I would like to thank my parents, without
whom I would not have had the opportunity to achieve
my goals nor the desire to share my knowledge, as I hope
I have in this endeavor.

I thank my mentor in anesthesia, Dr. Sandee Harts-
field, who continues to be a friend and unending source
of knowledge and common sense regarding the art of
anesthesia. I thank my mentor in large animal internal
medicine, Dr. Kent Carter, who instilled in me a logical
and thorough approach to case management.

I also thank my editor, Leslie Kramer, whose opti-
mism and enthusiasm gave me support every step of the
way.

And, most of all, I thank God for my profession and
the opportunity to accrue the information and knowl-
edge that I feel are most pertinent to teach veterinary
students and guide practitioners, many of whom I have
been fortunate to interact with at some level of their
careers.
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X Preface

The book is not comprehensive but includes those
drug dosages, techniques, and procedures I feel are per-
tinent to the daily practice of veterinary medicine. Many
of the recommendations and dosages are based on clini-
cal experience, which I hope will complement and
enhance the clinical practice of anesthesia.

JL.CS.
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Introduction to Anesthesia
and Patient Preparation

Anesthesia is defined as total loss of sensation in a body
part or the whole body, induced by a drug or drug com-
bination that depresses activity of nervous tissue periph-
erally (local and regional anesthesia) or centrally
(general anesthesia). Anesthesia and chemical restraint
are reversible processes essential to the practice of vet-
erinary medicine, providing safe and effective patient
immobilization to minimize stress and pain and facilitate
a wide variety of procedures.
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Introduction to Anesthesia and Patient Preparation

General Principles of
Anesthetic Management

Regardless of species and procedure, these guidelines
should be applied to all patients:

1.

10.

11.
12.

Critical evaluation of history, physical examination,
and laboratory data. Know your patient!

. Weigh the benefits of the procedure against the

potential detrimental effects of anesthesia.

. Stabilize and correct any identified abnormalities, if

possible, prior to anesthesia.

. Be organized to minimize anesthesia time.
. Identify and prepare for potential complications.

. Select the anesthetic protocol based on the patient

and existing abnormalities.

. Establish intravenous access whenever possible and

feasible.

. Secure and maintain a patent airway whenever pos-

sible and feasible.

. Use supplemental oxygen when indicated, based on

patient and duration of procedure.

Use a maintenance regimen that will minimize
adverse effects.

Provide ventilatory support.

Monitor vital body systems, including cardiovascular,
respiratory, and central nervous systems.
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13. Identify and correct any abnormalities that arise dur-
ing the anesthetic period.

14. Continue monitoring and support until vital signs
are stable.

15. Use appropriate analgesia and sedation postopera-
tively to minimize pain and distress.

Patient Preparation

“For every mistake that is made for not knowing,
a hundred are made for not looking.”
—Anonymous

Patient preparation includes evaluation of the signal-
ment, history, and pertinent laboratory data that might
affect the patient’s response to anesthesia. Patients then
can be categorized according to physical status, which
helps in the selection of an anesthetic protocol and
determines the likelihood (risk) for occurrence of a car-
diopulmonary emergency during the anesthetic period
(Table 1-1).

Physical examination should always include assess-
ment of temperature, heart rate, respiratory rate, mucous
membrane color and moistness, pulse quality, thoracic
auscultation, and abdominal palpation, even in seem-
ingly healthy patients. Normal values for a variety of
species are listed in Table 1-2. Minimal laboratory data in
physical status I patients should include packed cell vol-
ume (PCV) and total protein for all species (exceptions
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Table 1-1

Classification of Physical Status

Category Physical Status

Examples

Normal healthy
patient

Patient with mild
systemic disease

Patient with severe but
not incapacitating
systemic disease

Patient with severe
life-threatening
systemic disease

Moribund patient not
expected to survive
with or without
intervention

E is added to category
to designate that
anesthesia is being
performed on an
emergency basis.

Patient presented for
elective procedure

Skin tumor, fracture
without shock

Fever, dehydration,
anemia, cachexia, early
renal or cardiac disease

Uremia, cardiac
decompensation,
septicemia, emaciation

Profound shock,
terminal malignancy,
severe trauma

Adapted from the American Society of Anesthesiologists.

being animals in which venipuncture cannot be per-
formed without some level of anesthesia). Blood urea
nitrogen (uric acid in avian species) is advised but prob-
ably not necessary in most healthy patients. Normal
ranges of these values for a variety of species are given in
Table 1-3. History and physical examination findings
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Table 1-2 Normal Values for Temperature, Pulse Rate,
and Respiratory Rate for Several Veterinary Species
Heart Respiratory
Species Temperature °F  Rate/Minute Rate/Minute
Birds
Pet birds* 102-105 120-500 10-75
Raptors 102-104 107-310 12-25
Ratites 99-104 60-190 6—-12 (resting,
mild ambi-
ent tempera-
ture)
Cat 100.5-102.5 110-200 15-26
Cow 100.5-102.5 60-80 8-20
Dog 101-103 89-140 8-20
Ferret 100-104 200-400 33-36
Goat 101-103 70-135 12-25
Horse 99.5-101.5 25-50 8-12
Llama 99.5-102 60-80 10-30
Rabbit 101.5-104 130-325 30-60
Sheep 102-104 60-90 15-30
Pig 100-103 60-90 10-30
Pot-belly pig  102-103 70-80 13-18
(80-100: (25-40:
neonates) neonates/
juveniles)

*Ranges tend to correlate inversely with the size of the bird.
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(abnormal organ system function, geriatric patients) will
dictate the need for more complete laboratory evalua-
tion including a complete blood count; serum chemistry
panel, which should include total CO, (metabolic acid-
base status) and electrolyte concentrations; and urinaly-
sis. Unprompted extensive laboratory screening has not
been found to improve outcome for surgical patients in
either human or veterinary medicine. Further diagnostic
evaluation, such as thoracic and abdominal radiographs
or ultrasonography, echocardiography, and organ spe-
cific evaluation (i.e., bile acid assay) should be based on
abnormal physical examination and primary blood
chemistry findings.

Fasting

In general, patients should be fasted for 6-12 hours prior
to induction of anesthesia, with water withheld for vari-
able periods of time to minimize risk of aspiration and
regurgitation and to decrease gastrointestinal volume.
There is disparity in the literature regarding length of
fasting, due largely to personal experience and prefer-
ence. Table 14 lists recommended fasting times for sev-
eral common domestic species. Slightly longer periods
are recommended when prolonged or abdominal sur-
geries are to be performed. Very young and very small
patients should not be fasted due to risk of hypoglycemia.
Water withholding is unnecessary in most species with the
exception being ruminants and camelids (see Table 1-4).
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Table 1-4 Recommended Fasting and Water Withholding

Times for Several Veterinary Species

Water
Species Recommended Fasting Time* Restriction**
Birds
Pet birds  1-3 hr (the smaller the bird, <1 hr
the shorter the fast; >300
gms: maximum 10 hr
usually is tolerated)
Raptors ~ 6—12 hr (up to 24 hrin large 2 hr
raptors)
Ratites 12-24 hr 2 hr
Cat 6-8 hr 6 hr
Cow 24-48 hr 12-24 hr
Dog 6-8 hr 6 hr
Ferret 4—6 hr 2 hr
Goat 12-24 hr 2-8 hr
Horse 6-—12 hr Not necessary
Llama 12-24 hr 8 hr
Rabbit! 8 hr Not necessary
Sheep 12-24 hr 2-8 hr
Pig 8-12 hr Not necessary

Note: Fasting times for many species vary in the literature; as a general rule, the

longer the procedure, the longer is the fast.

*Fasting is not recommended for neonates of any species or for very small patients
because high metabolic rates and limited glycogen stores cause increased risk for
development of hypoglycemia. Fasting should be abbreviated or omitted in animals
with diseases that can precipitate hypoglycemia, such as insulinoma and diabetes

mellitus.

(continues)
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Table 1-4 (Continued)

**Water deprivation should be eliminated or abbreviated in patients with significant
renal disease (unless IV fluids are provided to assure normal hydration preopera-
tively) or during high ambient environmental temperatures (i.e., ruminants).

fWhile the practice has been recommended in the literature, fasting of rabbits is
considered unnecessary since this species does not vomit and a prolonged fast
can promote gastrointestinal stasis.

Record Keeping

Proper patient preparation minimizes but cannot elimi-
nate the risk of anesthesia. Thorough record keeping
will encourage vigilant patient monitoring and allow the
veterinarian not only to evaluate perianesthetic events
retrospectively for future reference but to provide rele-
vant and documented information should litigation
occur. The anesthetic record should include animal
name and case number, owner name, signalment,
weight, physical and laboratory examination results,
physical status, procedure performed, all anesthetic
agents (premedications, induction agents, maintenance
agents) administered including dose (in mg) or concen-
tration (inhalant agents), route and time of administra-
tion, duration of anesthesia, supportive measures (i.e.,
fluid type and rate of administration), a chronologic
recording of vital signs, postoperative analgesic agents
administered, vital signs recorded during recovery and
any complications encountered. Figure 1-1 provides an
example of an anesthetic record to facilitate complete
record keeping.



A

TEACHING HOSPITAL AND CLINICS D

School of Veterinary Medicine
Louisiana State University

NESTHESIA RECORD

Premedications
Drug Dose.

John Doe

Route Time

1 12 mg C 1:00

Diazepam 6 mg 1V 1:30

canine

Induction Agents
Drug Dose.

R Time Rover

_Route
Thiopental 220 mg 1V 1:35

Physical Status 1

4

O DATE:04 /10 /00
Case No. 63322

Boxer male

3 yrs

2 3 5 E
Preop: Temp: 101° —HR: 96 RR:_12 Weight: 30 kg | Procedure: Repair fractured metatarsus

oo T

I RN Y T MT FEM T (o T

= T T

Tsoflurane

Vi

SYMBOLS

aos A 180

Oper x 160

waan3aBRE8RS 8 2

CODE NO:

Noxmosdl

1. Admipisteved merphine/bupivacaine epidural: 3 mg morphine in 6 ml bupivacaine (0.5%)

2. 0.3 mg gl

rolate IV

Time to standing:

EXTUBATION:_4:50 ET tube used:_10__ mmid.
Temp__98,2° 110

P

Exam: Time__4g55°
NONE

Total fluids: 750 m1
10

Student signature

Clinician signature

Figure 1-1

An example of an anesthetic record, which facili-
tates sequential recording of vital signs and summarizes drugs
administered and events occurring during the anesthetic period.
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Pharmacology and Application
of Parenteral Anesthetic Agents

A plethora of injectable agents are available in veterinary
practice to fulfill the need for premedication, induction,
maintenance, and postoperative analgesia; to alleviate
anxiety and motor activity (chemical restraint); and to
provide profound muscle relaxation (neuromuscular
blocking agents) when indicated. While some agents,
such as the dissociative drugs, serve multiple roles (pre-
medication, induction, and maintenance), parenteral
drugs are summarized according to primary effects and
briefly described in Table 2-1. The “ideal” anesthetic
agent is described in Table 2-2. Because no drug avail-
able today possesses all the “ideal” qualities, anesthetic
selection is a compromise based on the patient, the
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procedure, and the available agents, equipment, and
expertise. Inhalation agents come closest to possessing
the majority of qualities described for an “ideal” anes-
thetic agent and will be discussed in Chapter 4.

Premedication agents are used to aid in animal
restraint (calming effect), reduce anxiety, provide anal-
gesia, provide muscle relaxation, decrease the require-
ments for potentially more dangerous drugs used for
induction and maintenance, promote smooth transition
from consciousness to unconsciousness and vice versa
during the induction and recovery periods, respectively,
and minimize autonomic reflex activity. Induction agents
are used to provide a smooth transition from conscious-
ness to unconsciousness, which facilitates intubation and
transition to the maintenance protocol. Some agents used
for induction also are useful, as repeat boluses or con-
stant rate infusion, for maintenance of anesthesia (see
Table 2-1). Other drugs (adjunct agents, Table 2-1)
serve a variety of roles including sparing the more car-
diorespiratory depressing drugs used for induction and
maintenance and muscle relaxation.

The following alphabetical list (by chemical name)
summarizes drugs that might be used in veterinary anes-
thesia (MOA is mechanism of action; DOA is duration of
action, these numbers are only guidelines as DOA is
influenced significantly by concurrently administered
drugs and individual patient status). Route of adminis-
tration for every agent is listed in parentheses after DOA
and includes intravenous (IV), intramuscular (IM),
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subcutaneous (SC), and per os (PO). In general, the
onset of effect occurs within 5 minutes for drugs admin-
istered intravenously. When drugs are administered
intramuscularly, onset of effect is in 15 minutes; subcuta-
neous administration requires a slightly longer time to
take effect (20-30 minutes). Common tradenames
(USA; UK* or USA and UK**) for some of the agents
have been listed in parentheses after the chemical name.
Drug dosages are listed in Appendix 1 and in those chap-
ters discussing protocols for individual animal species.

Drug: Acepromazine (Promace; Acetylpro-
mazine*)
Class: Phenothiazine tranquilizer (major)

MOA: Antiadrenergic, anticholinergic, antihist-
aminic, antidopaminergic

DOA: Dose dependent; 2-3 hr (prolonged in
hepatic-compromised, geriatric, and
pediatric patients); (IV, IM, SC, PO)

Effect: Calming effect; decreased motor activity;
antiemetic; no analgesia

Adverse:  Hypotension, penile paralysis (equine),
decreased seizure threshold, prolonged
duration with liver disease; anecdotal
reports of profound respiratory and car-
diovascular depression in Boxers

Approved: Horses, cats, dogs
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Drug:
Class:
MOA:
DOA:

Effect:

Adverse:
Approved:
Drug:
Class:

MOA:
DOA:

Effect:
Adverse:

Approved:

Drug:
Class:

MOA:

DOA:

Alfentanil (Alfenta; Rapifen®): Schedule II
Opioid agonist

Activates p opioid receptors

<30 minutes; used as constant rate infu-
sion; (IV)

Analgesia, sedation

Respiratory depression, bradycardia,
excitement in some species

None; rarely used in veterinary medicine

Atipamezole (Antisedan)

Alpha, receptor antagonist

Blocks alpha, and alpha, receptors
>120 minutes; (IM)

Reverses effects of alpha, agonists

Excitement, tremors, salivation, vomiting,
diarrhea

Dogs

Atracurium (Tracrium®*#)

Competitive nondepolarizing neuromus-
cular blocking agent

Competitive blockade of acetylcholine
receptors at neuromuscular junction

<30 minutes (undergoes Hofmann elimi-
nation: spontaneous nonenzymatic
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Effect:

Adverse:

Approved:
Drug:
Class:
MOA:

DOA:

Effect:

Adverse:
Approved:

Drug:
Class:
MOA:

DOA:

degradation at body pH; also metabo-
lized by esterases); (IV)

Reversible skeletal muscle relaxation

Respiratory paralysis (must support respi-
ration), minimal cardiovascular effects,
may cause histamine release

None

Atropine

Anticholinergic

Competitive blockade of muscarinic
receptors

60-90 min (some species variation); (IV,
IM, SC)

Parasympatholytic: increased heart rate,
decreased salivation/secretions, dilated
pupils; gastrointestinal stasis, increases
physiologic dead space (bronchodilation)

Tachycardia, arrhythmias, colic (equine)
Dogs, cats, cattle, horses, sheep

Azaperone (Stresnil**)

Butyrophenone tranquilizer (major)
Antiadrenergic, anticholinergic, antihist-
aminic, antidopaminergic

2—4 hr; (IV, IM)
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Effect:

Aduverse:

Approved:
Drug:

Class:
MOA:

DOA:
Effect:

Adverse:

Approved:
Drug:

Class:
MOA:

Calming effect; decreased motor activity;
antiemetic; no analgesia

Extrapyramidal effects (tremors, rigidity)
are more common compared to acepro-
mazine; personality change possible;
hypotension

Swine

Bupivacaine (Marcaine**): 0.5%

Local anesthetic agent (amide)

Blocks nerve transmission by blocking Na
channel and preventing excitation-
conduction process

4-6 hr; (epidural, local infiltration)
Reversible prevention of nerve transmis-
sion; thus motor, sensory, and autonomic
function is temporarily inhibited

CNS excitation, seizures, respiratory
paralysis, hypotension, hypothermia, ven-
tricular arrhythmias

None

Buprenorphine (Buprenex; Temgesic*;
Vetergesic*): Schedule V

Opioid partial agonist

Activates opioid receptors in brain and
spinal cord
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DOA:
Effect:

Adverse:

Approved:
Drug:

Class:
MOA:

DOA:
Effect:
Adverse:
Approved:
Drug:

Class:
MOA:
DOA:

6-12 hr; (IV, IM, SC)
Analgesia; minimal sedation

Respiratory depression (less than with
pure opioid agonists), bradycardia, flatu-
lence, defecation, hypothermia; may be
more difficult to reverse due to high
receptor affinity

None

Butorphanol (Torbugesic**;
Torbutrol**): Schedule IV

Opioid agonist/antagonist
Activates (k) and blocks (1) opioid
receptors in brain and spinal cord
1-2 hr; (IV, IM, SC, PO)

Analgesia, sedation

Respiratory depression (less than with
pure opioids), bradycardia, flatulence,
defecation, hypothermia

Horses, dogs

Carfentanil (Wildnil): Schedule II
(requires DEA special user’s permit)

Opioid agonist
Activates opioid p receptors
Prolonged if not reversed; (IM)
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Effect:

Adverse:

Approved:

Drug:
Class:
MOA:
DOA:
Effect:

Adverse:

Approved:

Drug:
Class:

Analgesia, sedation, immobilization

Hypoventilation, excitement (some
species), hypothermia, muscle fascicula-
tions

Animal use only, reserved for use in
immobilization of wildlife and exotic
species

Chloral hydrate: Schedule IV
Sedative-hypnotic

CNS depression is due to active
metabolites

Dose dependent: <2 hr for sedative
dosages; (IV, PO)

Sedation at low doses; general anesthetic
at high doses; poor analgesic effects
Minimal at sedative dosages; anesthetic
doses have high incidence of cardiopul-
monary arrest

None; once available in combination
with pentobarbital and magnesium sul-
fate for use in large animals

cis-Atracurium (Nimbex)
Competitive nondepolarizing neuromus-
cular blocking agent
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MOA:
DOA:
Effect:
Adverse:
Approved:
Drug:
Class:

MOA:

DOA:
Effect:

Adverse:

Approved:

Drug:
Class:
MOA:

Competitive blockade of acetylcholine
receptors of neuromuscular junction

<20-30 min (undergoes Hofmann elimi-
nation: spontaneous nonenzymatic
degradation at body pH); (IV)

Reversible skeletal muscle relaxation

Respiratory paralysis (must control respi-
ration), minimal cardiovascular effects

None

Desflurane (Suprane)
Methyl ether inhalation agent

Reversible depression of central nervous
system

Not applicable

Unconsciousness, analgesia, muscle
relaxation

Dose-dependent cardiopulmonary
depression (slightly less than other
inhalation agents at equivalent MAC con-
centrations)

None

Detomidine (Dormosedan)

Alpha, agonist

Activates CNS alpha2 receptors, which
inhibit neurotransmitter release in brain
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DOA:
Effect:

Adverse:
Approved:
Drug:

Class:
MOA:

DOA:
Effect:

Adverse:

Approved:

Drug:
Class:
MOA:
DOA:

Dose dependent; 75-120 min; (IV, IM)
Sedation, analgesia, muscle relaxation

Bradycardia, conduction disturbances,
hypotension, respiratory depression,
hypoxia

Horses

Diazepam (Valium**): Schedule IV
Benzodiazepine tranquilizer (minor)

Activates CNS benzodiazepine receptors,
which increase inhibitory neurotransmit-
ters (i.e., GABA, glycine)

<3 hr; (IV, IM, PO)

Mild sedation, muscle relaxation,
enhances effect of concurrently used
agents

Excitement in some species (horses,
dogs), hepatoxicity has been reported
with PO administration in cats

Dog

Diprenorphine (Revivon*, M, /)
Opioid agonist/antagonist
Blocks opioid receptors

Short (renarcotization following reversal
of potent opioids has been reported);

IV, IM)



Pharmacology and Application of Parenteral Anesthetic Agents 21

Effect:

Adverse:
Approved:
Drug:

Class:
MOA:

DOA:

Effect:

Adverse:

Approved:
Drug:

Class:
MOA:

Used to antagonize etorphine

Opioid sedation and respiratory depres-
sion may persist with overdose

Animal use only, for reversal of etorphine
in wildlife and exotic species

Edrophonium (Tensilon)
Acetylcholinesterase inhibitor

Inhibits acetylcholinesterase and allows
accumulation of ACh, enhances ACh
release, induces repetitive firing of the
motor nerve terminal

Onset of action is rapid (1-2 min); dura-
tion relatively short; (IV)

Antagonize nondepolarizing neuromus-
cular blockers to restore neuromuscular
transmission

Parasympathetic stimulation: bradycar-
dia, airway constriction, increased
secretions

None

Enflurane (Ethrane**): an isomer of
isoflurane

Methyl ether: inhalation agent

Reversible depression of central nervous
system
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DOA:
Effect:

Adverse:
Approved:

Drug:
Class:
MOA:
DOA:

Effect:
Adverse:

Approved:

Drug:
Class:
MOA:
DOA:

E]fect.:

Aduverse:

Not applicable
Unconsciousness, muscle relaxation

Dose-dependent cardiac and respiratory
depression

None

Etomidate (Amidate; Hypnomidate*)
Imidazole

Nonbarbiturate sedative-hypnotic

<10 min; (IV)

Rapid loss of consciousness of short dura-
tion, minimal cardiopulmonary depres-
sion

Pain on injection, myoclonus, vomiting
(minimized with premedication); depres-
sion of adrenal function

None

Etorphine (M-99): Schedule II
Opioid agonist

Activates p opioid receptors

<2 hr; (IV, IM)

Sedation, analgesia, immobilization,
80-1,000 times as potent as morphine

Profound respiratory depression, brady-
cardia, hypertension
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Approved:

Drug:
Class:
MOA:
DOA:

Effect:
Adverse:
Approved:
Drug:
Class:

MOA:

DOA:
Effect:

Aduverse:

Approved:

Drug:

Animal use only: exotic animal immobi-
lization

Fentanyl (Sublimaze**): Schedule II
Opioid agonist
Activates p opioid receptors

<1 hr; used as constant rate infusion (IV)
or transdermal patch

Analgesia, sedation, 75-125 times as
potent as morphine

Respiratory depression, bradycardia,
excitement in some species

None

Flumazenil (Romazicon)
Benzodiazepine receptor antagonist

Competes with benzodiazepines for
receptor

2-3 hr; (IV)

Specific reversal of benzodiazepine tran-
quilizers

Rare

None

Gallamine (Flaxedil®**): currently not
available commercially
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Class:
MOA:

DOA:
Effect:

Aduverse:
Approved:
Drug:
Class:

MOA:

DOA:
Effect:

Adverse:

Approved:
Drug:

Class:

Nondepolarizing neuromuscular blocker

Competitive blockade of acetylcholine
receptors of neuromuscular junction;
prevents muscle contraction

<30 min; (IV)

Reversible skeletal muscle relaxation
Respiratory paralysis, tachycardia, hyper-
tension

None (has been used in reptiles for
immobilization)

Glycopyrrolate (Robinul)
Anticholinergic

Blocks effect of acetylcholine at mus-
carinic receptors

2—4 hr; (IV, IM, SC)

Parasympatholytic: increased heart rate,
decreased respiratory secretions,
increases physiologic dead space (bron-
chodilation), does not cross placental or
blood-brain barrier

Ileus, sinus tachycardia

Dog, cat

Guaifenesin (Guailaxin; Glycerol
guaiacolate)

Central-acting muscle relaxant
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MOA:
DOA:
Effect:
Adverse:

Approved:

Drug:
Class:

MOA:
DOA:
Effect:
Aduverse:
Approved:
Drug:
Class:
MOA:

DOA:
Effect:

Depresses internuncial neuron transmis-
sion; central-acting muscle relaxant

Dose dependent; 30 min; (IV)
Muscle relaxation, sedation

Very safe although overdose can occur,
which manifests as forelimb rigidity fol-
lowed by respiratory paralysis

Horses

Halothane (Fluothane**)

Fluorinated hydrocarbon inhalation
anesthetic

Reversible depression of central nervous
system

Not applicable
Unconsciousness, muscle relaxation

Dose-dependent cardiopulmonary
depression, ventricular arrhythmias

Dogs, cats, nonfood animals

Isoflurane (Aerrane, Isoflo; Forane**)
Methyl ether inhalation anesthetic

Reversible depression of central nervous
system

Not applicable
Unconsciousness, muscle relaxation
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Adverse:

Approved:
Drug:

Class:
MOA:

DOA:

Effect:

Aduverse:

Approved:

Drug:
Class:
MOA:

Dose-dependent cardiopulmonary
depression (relatively less than
halothane)

Horses, dogs

Ketamine (Ketaset; Ketalar®; Vetalar®*)
Dissociative agent

Depresses thalamoneocortical system;
activates limbic system; analgesic effects
are associated with opioid (agonist) and
N-methyl-D-aspartate receptor (antago-
nist) interaction

Dose and species dependent; 15-60 min;
(Iv, IM)

Catalepsy, superficial analgesia, poor
visual analgesia, amnesia, immobility

Muscle rigidity, seizures, increased secre-
tions, negative inotropic agent but
central catecholamine release causes
increased ABP and HR, increased ocular
and intracranial pressure

Cats, primates

Lidocaine (Xylocaine**): 2.0%
Local anesthetic agent (amide)

Blocks sodium influx and thus prevents
nerve depolarization and conduction
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DOA:
Effect:

Adverse:

Approved:
Drug:
Class:
MOA:

DOA:

Effect:

Adverse:

Approved:
Drug:

Class:
MOA:

90-200 min; (epidural, local infiltration)

Blocks pain, motor, and sympathetic
fibers; also used IV to treat ventricular
arrhythmias

Hypotension due to vasodilation; respira-
tory arrest is possible when given epidu-
rally; seizures at high doses

None

Medetomidine (Dormitor)

Alpha2 agonist

Activates CNS alpha, receptors, which
inhibit neurotransmitter release in brain
Dose and species dependent; 60-120
min; (IV, IM, SC)

Sedation, analgesia, muscle relaxation

Bradycardia, conduction disturbances,
hypotension, respiratory depression,
hypoxia

Dogs

Meperidine (Demerol; Pethidine*):
Schedule II

Opioid agonist

Activates p receptors in CNS and other
organs
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DOA:
Effect:

Adverse:

Approved:
Drug:
Class:
MOA:

DOA:
Effect:

Adverse:

Approved:
Drug:

Class:
MOA:

<2 hr; (IM, SC)
Analgesia, sedation, increases venous
capacitance

Respiratory depression, flatulence, con-
stipation, bradycardia, can cause hista-
mine release with rapid IV injection,
excitement possible in cats, horses

None

Mepivicaine (Carbocaine-V): 1-2%
Local anesthetic agent (amide)

Blocks sodium influx and thus prevents
nerve depolarization and conduction

120-240 min; (epidural, local infiltration)
Blocks pain, motor and sympathetic
fibers

Hypotension due to vasodilation and res-
piratory arrest are possible when given
epidurally; seizures and cardiotoxicity
with overdose

None

Methohexital (Brevital; Brevane;
Brietal*): Schedule IV

Ultrashort-acting oxybarbiturate

Sedative-hypnotic; CNS depression by
action on barbiturate receptors



Pharmacology and Application of Parenteral Anesthetic Agents 29

DOA: <15 min; (IV)
Effect: Sedation to unconsciousness (dose
dependent)

Adverse:  Respiratory depression (apnea), myocar-
dial depression, excitement, muscle
tremors, seizures during recovery

Approved: None

Drug: Methoxyflurane (Metofane**;

Penthrane)

Class: Methyl ether inhalation anesthetic

MOA: Reversible depression of central nervous
system

DOA: Not applicable

Effect: Unconsciousness, analgesia, muscle
relaxation

Adverse:  Dose-dependent cardiopulmonary
depression; prolonged recovery; renal toxi-
city due to metabolites

Approved: Small and large animals, birds

Drug: Midazolam (Versed; Hypnovel*):
Schedule IV
Class: Benzodiazepine tranquilizer (minor)

MOA: Activates CNS benzodiazepine receptors,
which increase inhibitory neurotransmit-
tors (i.e., GABA, glycine)
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DOA:
Effect:
Adverse:
Approved:
Drug:
Class:

MOA:

DOA:
Effect:

Adverse:

Approved:

Drug:
Class:

<2 hr (duration is slightly less than
diazepam); (IV, IM, SC)

Mild sedation, muscle relaxation; works
well IV or IM

Excitement in some species, respiratory
depression

None

Morphine (Duromorph**): Schedule II
Opioid agonist

Activates p opioid receptors in CNS and
other organs

4 hr; (IM, SC, PO)

Analgesia, sedation, alleviates pulmonary
edema by increasing venous capacitance;
provides 10-24 hr of analgesia as far for-
ward as the thoracic limbs when adminis-
tered epidurally.

Respiratory depression, flatulence, con-
stipation, histamine release with IV
administration; excitement possible in
horses and cats

None

Nalbuphine (Nubain)
Opioid agonist/antagonist
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MOA:

DOA:
Effect:
Aduverse:
Approved:

Drug:
Class:
MOA:
DOA:

Effect:

Adverse:
Approved:

Drug:
Class:
MOA:
DOA:

E]fect’:

Antagonizes p receptor, activates kappa
receptors

2-3 hr; (IV, IM, SC)

Analgesia, sedation

Minimal respiratory depression
None

Nalmefene (Revex)

Opioid antagonist

Antagonizes all opioid receptors
Longer acting than naloxone; (IV, IM,
SC)

Reverses effects of opioid agonists,
including respiratory depression and
analgesia

Stimulates sympathetic nervous system;
potential for cardiac arrhythmias

None

Naloxone (Narcan**)

Opioid antagonist

Antagonizes all opioid receptors
3045 min; (IV, IM, SC)

Reverses the effects of opioid agonists,
including respiratory depression and
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Aduverse:
Approved:
Drug:
Class:

MOA:
DOA:

Effect:

Adverse:
Approved:
Drug:

Class:
MOA:

analgesia; has been used in the treatment
of hemorrhagic shock

Stimulates sympathetic nervous system:
potential for cardiac arrhythmias

None

Naltrexone (Trexonil)

Opioid antagonist

Antagonizes all opioid receptors
Longer acting than naloxone; (IV, IM,
SC)

Reverses the effects of opioid agonists,
including respiratory depression and

analgesia; available as an oral prepara-
tion for humans

Stimulates sympathetic nervous system:
potential for cardiac arrhythmias

Used for reversal of carfentanil in exotic
species

Neostigmine (Prostigmine; Stiglyn)
Acetylcholinesterase inhibitor

Inhibits acetylcholinesterase and allows
accumulation of ACh, enhances ACh
release, induces repetitive firing of the
motor nerve terminal
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DOA:

Effect:

Adverse:

Approved:
Drug:

Class:
MOA:
DOA:
Effect:

Adverse:
Approved:

Drug:
Class:

DOA:
MOA:

Onset of action is 7-10 min; duration of
action is relatively short; (IV)

Antagonize nondepolarizing neuromus-
cular blockers to restore neuromuscular
transmission, onset of action is rapid

Parasympathetic stimulation including
bradycardia, airway constriction,
increased secretions

None

Oxymorphone (Numorphan):
Schedule II

Opioid agonist

Activates p receptors

2-6 hr; (IV, IM, SC)
Analgesia, sedation

Respiratory depression, bradycardia,
excitement in some species

Dogs, cats

Pancuronium (Pavulon*%*)

Competitive nondepolarizing neuromus-
cular blocker

30-45 min; (IV)

Competitive blockade of acetylcholine
receptors of neuromuscular junction
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Effect: Reversible skeletal muscle paralysis

Adverse:  Respiratory paralysis (must control venti-
lation), minimal cardiovascular effects
although may cause transient tachycar-
dia; prolonged effect in renal- and
hepatic-compromised patients

Approved: None

Drug: Pentazocine (Talwin): Schedule IV

Class: Opioid agonist/antagonist

MOA: Activates (k) and blocks (p) opioid
receptors in brain and spinal cord: low
potency

DOA: <2 hr; (IM, SC)
Effect: Analgesia, sedation; 0.1-0.3 times
potency of morphine

Adverse:  Respiratory depression (less than with
pure opioids), bradycardia, flatulence,
defecation, hypothermia

Approved: Horses, dogs

Drug: Pentobarbital (Nembutal;
Beuthanasia-D): Schedule II

Class: Short-acting oxybarbiturate

MOA: Sedative-hypnotic; CNS depression by
action on barbiturate receptors
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DOA:

Effect:

Adverse:

Approved:

Drug:
Class:

MOA:

DOA:
Effect:

Adverse:

Approved:

Species and dose dependent; <1.5 hr;
(IV, PO)

Sedation to unconsciousness
CNS/respiratory depression (apnea),
myocardial depression, leukopenia,
splenic engorgement, excitement (stage
IT) due to inadequate quantity or rate of
dosing

Dogs

Phenobarbital: Schedule IV

Long-acting oxybarbiturate; routes
include IV and PO

Sedative /hypnotic; CNS depression by
action on barbiturate receptors

Dose dependent; 12-24 hr; (IV, PO)
Sedation to unconsciousness (dose
dependent); used to control seizures: (16
mg/kg IV, 2—4 mg/kg PO BID (small ani-
mal); 2-10 mg/kg IV/PO every 8-12 hr
(equine)

CNS/respiratory depression (apnea),
myocardial depression, polyuria/polydip-
sia/polyphagia

None
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Drug:
Class:
MOA:

DOA:
Effect:

Adverse:

Approved:
Drug:

Class:
MOA:

DOA:
Effect:

Adverse:

Approved:

Procaine (Novocaine)

Local anesthetic (ester linked)

Blocks sodium influx and thus prevents
nerve depolarization and conduction
60-90 min; (local infiltration)

Blocks pain, motor, and sympathetic
fibers

May cause allergic reaction

None

Propofol (Rapinovet**)

Alkyl phenol structure

Sedative /hypnotic: CNS depression by
enhancing GABA activity in the brain
and decreasing cerebral metabolic rate
<15 min; (IV)

Sedation to unconsciousness depending
on dosage; muscle relaxation
Respiratory depression (apnea) especially
if administered rapidly, myocardial
depression, hypotension, Heinz body for-
mation (oxidative injury) in cats when
given repeatedly due to phenolic struc-
ture

Dogs
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Drug:
Class:
MOA:

DOA:

Effect:

Adverse:

Approved:

Drug:
Class:
MOA:

DOA:
Effect:

Adverse:

Pyridostigmine (Regonol)
Acetylcholinesterase inhibitor

Inhibit acetylcholinesterase and allow
accumulation of ACh, enhance ACh
release, induce repetitive firing of the
motor nerve terminal

Onset of action is 12-16 min and dura-
tion 40% longer than neostigmine and
edrophonium; (IV)

Antagonize nondepolarizing neuromus-
cular blockers to restore neuromuscular
transmission

Parasympathetic stimulation, including
bradycardia, airway constriction,
increased secretions

None

Romifidine (Sedivet*)

Alpha, agonist

Activates CNS alpha, receptors, which
inhibit neurotransmitter release in brain
Dose dependent; >120 min; (IV, IM, SC)
Sedation, analgesia, muscle relaxation

Bradycardia, conduction disturbances,
hypotension, respiratory depression,
hypoxia
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Approved: Not currently approved in the United
States, but studies have been published
for dosages in dogs and horses

Drug: Sevoflurane (Ultrane)

Class: Methyl ether inhalation agent

MOA: Reversible depression of central nervous
system

DOA: Not applicable

Effect: Unconsciousness, muscle relaxation

Adverse:  Dose-dependent cardiopulmonary
depression (similar to isoflurane)

Approved: None

Drug: Succinylcholine (Anectine**; Sucostrin;
Scoline*)
Class: Depolarizing noncompetitive neuromus-

cular blocker

MOA: Depolarizes nicotinic receptors on mus-
cle motor end plate and prevents neuro-
muscular transmission.

DOA: <15 min; (IV)

Effect: Nonreversible (short-duration) skeletal
muscle paralysis

Adverse:  Respiratory paralysis (necessary equip-
ment to provide mechanical ventilation
should be available if this drug is used);
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Approved:

Drug:
Class:
MOA:
DOA:

Effect:

Aduverse:
Approved:
Drug:

Class:
MOA:

DOA:
Effect:

prolonged effect with hepatic-
compromising diseases due to depend-
ency on metabolism by the liver-derived
enzyme, pseudocholinesterase; muscle
fasciculations; hyperkalemia; known
trigger of malignant hyperthermia

None

Sufentanil (Sufenta): Schedule 11
Opioid agonist

Activates p opioid receptors

<1 hr; used as constant rate infusion;
%)

Analgesia, sedation

Respiratory depression, bradycardia,
muscle twitching

None; rarely used in veterinary medicine

Thiopental (Pentothal; Intraval*):
Schedule III

Ultrashort-acting thiobarbiturate
Sedative /hypnotic; CNS depression by
action on barbiturate receptors

<15 min; (IV)

Sedation to unconsciousness (dose
dependent), stage II delerium can occur
with inadequate or perivascular dosages
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Adverse:
Approved:
Drug:
Class:

MOA:

DOA:

Effect:

Aduverse:

Approved:

Drug:
Class:

Respiratory depression (apnea), myocar-
dial depression, cardiac arrhythmias
Dogs

Tiletamine; Zolazepam (Telazol):
Schedule IIT

Dissociative agent combined with benzo-
diazepine

Tiletamine: depresses thalamoneocortical
system; activates limbic system; analgesic
effects are associated with opioid (ago-
nist) and N-methyl-D-aspartate receptor
(antagonist) interaction; zolazepam acts
on benzodiazepine receptors

Dose and species dependent; 20—80 min;
(IM, 1IV)

Catalepsy, superficial analgesia, amnesia,
immobility, muscle relaxation

Increased secretions, muscle rigidity in
some species, negative inotrope but cen-
tral catecholamine release promotes
increased BP and HR, increased ocular
and intracranial pressure

Cats, dogs

Tolazoline (Tolazine)
Alpha, and alpha, receptor antagonist



Pharmacology and Application of Parenteral Anesthetic Agents 41

MOA:

DOA:
Effect:

Adverse:
Approved:

Drug:
Class:

MOA:
DOA:

E]fect.:

Aduverse:

Approved:

Drug:
Class:

Occupies and antagonizes alpha, recep-
tors (least specific for the alpha, recep-
tor)

2 hr; (IV, IM)
Reverses effects of alpha2 agonists

Hypotension with rapid injection due to
vasodilatory effect, excitement, tremors,
salivation, tachypnea

Horses

Tubocurarine (Curare)

Competitive nondepolarizing neuromus-
cular blocker

Competitive blockade of acetylcholine
receptors of neuromuscular junction

<30 min; (IV)
Reversible skeletal muscle relaxation

Respiratory paralysis (must control respi-
ration), causes histamine release that
results in hypotension and bronchocon-
striction

None

Vecuronium (Norcuron)

Competitive nondepolarizing neuromus-
cular blocker
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MOA:
DOA:
Effect:

Adverse:

Approved:
Drug:
Class:
MOA:
DOA:

Effect:

Adverse:

Approved:

Competitive blockade of acetylcholine
receptors of neuromuscular junction

<30 min; (IV)
Reversible skeletal muscle relaxation

Respiratory paralysis (must control respi-
ration), minimal cardiovascular effects;
significant hepatic dysfunction will pro-
long effect

None

Xylazine (Rompun**; Ansed)

Alpha, agonist

Activates CNS alpha, receptors, which
inhibit neurotransmitter release in brain

Dose and species dependent; 15-30 min
(analgesia); 1-2 hr (sedation); (IV, IM,
SC)

Sedation, analgesia, muscle relaxation
Bradycardia, conduction disturbances,
hypotension, respiratory depression,
hypoxia

Horses (10% formulation); dogs and cats
(2% formulation); deer and elk
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Drug:
Class:
MOA:

DOA:
Effect:

Adverse:

Approved:

Yohimbine (Yobine)

Alpha, antagonist

Blocks alpha, receptors; also has antisero-
tonin activity

<1 hr; (IV, IM)

Reverses effects of alpha, agonists

Hypotension with rapid injection due to
vasodilatory effect, excitement, tremors,
salivation, tachypnea

Dogs
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52 Pharmacology and Application of Parenteral Anesthetic Agents

Table 2-2 Properties of an “Ideal” Anesthetic Agent

1. Does not require metabolism for termination of action and
elimination (reversible or respiratory elimination).

2. Permits rapid and easily controlled induction, changes in
anesthetic depth and recovery.

3. Is not irritating to any tissue.
Does not depress cardiopulmonary function.

Produces adequate muscle relaxation and analgesia for sur-
gical procedures.

Is compatible with other drugs.

Is nontoxic to the patient and humans.

Is inexpensive, stable, and noninflammable.
Requires no special equipment for administration.
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Local/Regional Anesthetic Techniques

Local and regional anesthesia always has been an inte-
gral part of large animal practice for economic and prac-
tical reasons. The availability and convenience of a
variety of general anesthesia options minimized the need
to apply these agents in small animals. However, with the
ever-increasing awareness of pain management in all vet-
erinary species, local and regional techniques are gain-
ing popularity in small animal practice. Application of
local and regional agents in animals undergoing general
anesthesia will provide preemptive analgesia and spare
anesthetic requirements. While historically such tech-
niques have been associated with the local anesthetic
agents, other drugs, including opioids, alpha, agonists,
and ketamine have been reported to possess analgesic

53



54 Local/Regional Anesthetic Techniques

properties when applied by these routes. This chapter
discusses mainly the application of local anesthetic
agents used to produce local and regional anesthesia
(complete loss of sensation to a body part or region) but
also includes dosage and application of the alpha, ago-
nists. Clinical application of opioids to produce regional
analgesia (loss of sensitivity to pain) is discussed in Chap-
ter 8 (“Pain Management”).

Local anesthetic agents reversibly block action
potentials along nerve axons by interference with volt-
age-gated sodium channels. Two classes (based on the
intermediate chain of the molecule), the esters and the
amides (Table 3-1), determine drug biotransformation.
Esters are readily hydrolyzed in the blood by plasma
cholinesterase made in the liver, while amides require
biotransformation by liver microsomal enzymes. Even
though lidocaine is well-known for its usefulness intra-
venously to treat cardiac ventricular arrhythmias, it and
local anesthetic agents have several potential adverse
effects, including formation of cardiac arrhythmias
(Table 3-2). These adverse effects are minimized when
accidental intravenous injection is avoided and dosages
remain within recommended maximum safe limits.

The time to effect, potency, and duration of effect
depend on the agent’s physical and chemical properties
(see Table 3-1). Lipid solubility influences intrinsic
potency and protein binding is probably the primary
determinant of duration. The dissociation constant
(pKa) is thought to determine the speed of action. The
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56 Local/Regional Anesthetic Techniques

Table 3-2 Potential Toxic Effects of Local Anesthetics

+ Central nervous system
Muscle tremors
Convulsions
Respiratory depression
Generalized CNS depression

« Cardiovascular system
Depression of myocardial contractility
Hypotension
Bradycardia
Ventricular tachycardia/fibrillation: This response has
been reported with bupivacaine and may be refractory to
treatment and fatal

+ Methemoglobinemia
This response most often is linked to benzocaine but
has been reported with other agents

+ Allergic reactions
Associated with para-aminobenzoic acid (PABA), a
metabolite of the ester local anesthetics and of methyl-
paraben, a preservative used in many of the local
anesthetics

+ Tissue toxicity
Local anesthetic injection has been shown to cause
reversible skeletal muscle damage and, rarely, neuronal
damage
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uncharged base form is most lipid soluble, diffusing
readily across the nerve sheath; dissociation is favored by
increasing pH. This is why efficacy is decreased in
inflamed and infected (low pH) tissues.

Local anesthetic agents show a preferential effect on
nerve fibers with the order (most to least sensitive) being
preganglionic sympathetic (B fibers) > small sensory (A-
delta fibers) > motor (A-alpha fibers). Sensitivity of
unmyelinated pain (C) fibers to local anesthetic agents is
similar to B fibers, but blockade may be affected by fac-
tors other than those influencing the myelinated fibers.
Sensation disappears in the order of pain, cold, warmth,
touch, then joint and deep pressure and recovers in the
reverse order.

Of the many local anesthetic agents available, only a
few are commonly used in veterinary medicine, includ-
ing lidocaine, mepivacaine, and bupivacaine. A topical
5% eutectic mixture of lidocaine and prilocaine (EMLA
cream, Astra Pharmaceuticals) applied to unbroken skin
also is effective when applied to animals for such proce-
dures as venipuncture but must be applied at least 15-30
min in advance. While many techniques have been
described for the common domestic species, Tables 3-3
through 3-5 describe selected local anesthetic tech-
niques that have shown relatively common application
for local/regional anesthesia or pain management. Fig-
ures 3-1 through 3—4 illustrate the sites for injection for
several techniques described in Table 3-3.
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Figure 3-2 Needle placement for brachial plexus block medial
to shoulder joint, lateral aspect of left thoracic limb; 2 is the sec-
ond rib. (Reprinted with permission from Muir and Hubbell, eds.,
Handbook of Veterinary Anesthesia, 2nd ed., St. Louis: Mosby,
1995, page 100.)
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Right Forepaw

Superficial

branches of the

radial nerve [ Dorsal

T———cutansous
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Site of black on Il ulnar nerve
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of carpus Block of dorsal

cutaneous branch
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both median and
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e ' paimarbranch o
-
]
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Figure 3-4 Diagram of right forepaw of a cat illustrating sites
for injection of local anesthetic to provide analgesia for onychec-
tomy. (Reprinted with permission from Pascoe, Local and regional
anesthesia and analgesia, in Seminars in Veterinary Medicine and
Surgery (Small Animal) 1997;12(2):435.)
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Inhalation Agents

Inhalation agents provide the most versatile and readily
controlled method of general anesthesia and are espe-
cially well suited for prolonged and complex procedures
and for common as well as uncommon veterinary
species. The anesthetic agents are carried in oxygen;
thus, patients receive an enriched oxygen mixture and
most often are intubated, which assures a protected air-
way and provides a method for ventilatory support. The
main disadvantages of these agents are the expense of
equipment necessary to deliver the agent and, despite
the ability to readily control the concentration delivered,
vigilant monitoring is essential to avoid excessive anes-
thetic depth, which can rapidly lead to patient mortality.
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Inhalant anesthetics are vapors (a liquid at ambient
temperature and pressure; these include all potent
inhalant agents) or gases (a gas at ambient temperature
and pressure, such as nitrous oxide) administered into
the respiratory tract and absorbed from alveoli into the
blood to create a partial pressure (tension). This partial
pressure allows the gas to pass from the blood to the brain, where
the agents exert reversible generalized central nervous system
depression, the degree of which has been described as
depth of anesthesia (Table 4-1).

Some of the physicochemical characteristics deter-
mine the action and margin of safety of the agents and
dictate how they are supplied and the equipment
needed for safe delivery, as well as how they are taken up
by the lung, distributed within the body, and eliminated.
Vapor pressureis a measure of the agent’s ability to evapo-
rate (volatility) and must be sufficient to provide ade-
quate concentration in the vapor state to produce
anesthesia under ambient conditions. Saturated vapor
pressure represents the maximum achievable vapor con-
centration for a given liquid at a given temperature (and
barometric pressure); it is determined by dividing vapor
pressure by barometric pressure (e.g., Halothane:
244/7760 = 32% saturated vapor pressure). The greater is
the vapor pressure, the greater the concentration of
inhalant deliverable to the patient (and environment).

The boiling point, defined as the temperature at
which the vapor pressure is equal to atmospheric pres-
sure, is greater than room temperature for all inhalant
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76 Inhalation Agents

Table 4-1 (Continued)
ABP = arterial blood pressure

N = normal

*Breath holding may occur.

**Rate depends on other contributing factors, including premedications, body
temperature, fluid balance.

agents except nitrous oxide (N,O); therefore, all are lig-
uids at room temperature except N,O, which is supplied
for use in blue cylinders compressed to its liquid state at
750 psi. Hence, the pressure gauge on a tank of N,O
does not indicate the quantity of gas remaining until all
liquid is converted to a gas state and pressure begins to
decrease as the gas empties.

The quantity of inhalant agent delivered is discussed
clinically as concentration in volume percentage, which rep-
resents the percentage of the agent in relation to the car-
rier gas mixture (oxygen alone or combined with N,O).

The molecular weight, unique for each vapor, is that
weight which occupies 22.4 liters under standard condi-
tions (0°C [273 K, absolute scale] and 760 mmHg [baro-
metric pressure at 1 atmosphere sea level]). The specific
gravity is the ratio of the weight of a unit volume of one
substance to a similar volume of water under similar con-
ditions (20°C). Molecular weight and agent specific grav-
ity are properties that allow determination of the volume
of vapor yielded by 1 ml of anesthetic liquid (Figure
4-1). From this calculation, the cost of using an inhalant
agent may be approximated, based on percentage deliv-
ered, total carrier gas flow, and time (see Figure 4-1).



. 1 ml liquid isoflurane x 1.49 g/ml (spe-

cific gravity) = 1.49 gm

1.49 gm + 185 (molecular weight) =
0.0081 mol of liquid

. 0.0081 mol x 22400 ml/mol (1 mol of gas

= 22.4 L) = 181.4 ml at 273 K (0°C)

181.4 ml vapor x 293/273 K = 194.7 ml
vapor/ml liquid isoflurane at 20°C and
760 mmHg

For example, assume 2% isoflurane delivery
with total flow (flowmeter setting) of 2
L/minute.

5.

2% + 100 X 2 L/minute x 60 min = 2400
ml isoflurane vapor per hour

. 2400 ml isoflurane vapor/hr +~ 194.7 mi

vapor/ml liquid = 12.3 ml liquid/hr

Figure 4-1 Calculations to determine volume of vapor from 1
ml of anesthetic liquid at 20°C (calculations 1-4) and average
anesthetic liquid usage per unit time (calculations 5 and 6), using
isoflurane as an example.
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The solubility (partition) coefficient, the extent to which
a gas will dissolve in a given solvent, is expressed as a con-
centration ratio of the anesthetic in the solvent and gas
phases. The blood/gas solubility coefficient (Table 4-2)
predicts the speed of induction, recovery, and change in
anesthetic depth for an inhalant. The lower is the coeffi-
cient, the more rapid the action of the agent. The
oil/gas solubility coefficient is the ratio of the concen-
tration of an inhalant in oil and gas phases at equilib-
rium, correlates inversely with anesthetic potency (as
represented by the minimum alveolar concentration),
and describes the capacity of lipids for the inhalant. The
lower is the oil/gas solubility coefficient, the lower the
potency and thus the higher the MAC value.

Several factors control anesthetic delivery to the
lungs and uptake by the blood; these are summarized in
Table 4-3. When equilibrium between delivery and
uptake (by blood and tissue) is achieved and the alveolar
partial pressure reaches a steady state, the partial pres-
sure in the brain is controlled by the partial pressure in
the alveoli.

The minimum alveolar concentration (MAC) is a meas-
urement of inhalation agent potency, which refers to the
quantity of an agent required to produce a desired
effect. MAC, which provides a method for comparing the
potency of one agent to another (see Table 4-2), is
defined as the minimum alveolar concentration of an
anesthetic agent at one atmosphere that produces immo-
bility in 50% of patients exposed to a noxious stimulus.
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Inhalation Agents 81

Table 4-3 Factors That Increase the Rate of Rise of
Inhalant Anesthetic Tension (Partial Pressure) in the Alveoli

l. Increased delivery of anesthetic to the lungs
A. Increased inspired concentration (the higher is the
inspired concentration administered, the more rapid the
rate of rise of the alveolar concentration)

1. Increased vaporizer setting

2. Increased fresh gas inflow (this effect is significant dur-
ing the induction phase when uptake is significant)

3. Decreased breathing circuit volume (the smaller is
the circuit volume, the more rapidly the inspired con-
centration is affected by concentration delivered from
the vaporizer)

4. Second gas effect: Passive increase in inspired con-
centration of an anesthetic gas due to rapid uptake of
large volumes of a less soluble agent used in a high
concentration (N,O), therefore the increased concen-
tration accelerates the rate of rise of the second gas
in the alveoli; 50% N,O augments inflow into alveoli
and accelerates uptake of the second gas in mixture
(e.g., halothane, isoflurane), which is used at much
lower concentrations

B. Increased alveolar ventilation

1. Occurs with application of mechanical ventilation

2. Occurs with a decrease in dead space ventilation

3. Relative to functional residual capacity (FRC; volume
remaining in lungs after normal expiration). The
smaller is the FRC, the less time it takes to “wash in”

(continues)
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Table 4-3 (Continued)

the "new” gas mixture. FRC is decreased in
pregnancy and in a variety of primary respiratory
diseases
Il. Decreased removal (uptake) from the alveoli
A. Decreased blood/gas solubility coefficient
B. Decreased cardiac output
C. Decreased alveolar to venous anesthetic partial pres-
sure difference: the magnitude of difference is related
to the amount of anesthetic uptake by the tissues and
the largest gradient occurs during induction when tis-
sue uptake is greatest

Therefore, methoxyflurane (MAC = 0.23) currently is
the most potent inhalant agent available. Anesthetic
requirements are altered by a variety of factors, which are
listed in Table 4—4, but not by duration of anesthesia, sex,
or metabolic acid/base or potassium imbalance.

Inhalation agents affect organ systems in addition to
the central nervous system. Inhalant agents decrease
electrical activity of the cerebral cortex as brain concen-
tration increases, as indicated by decreased frequency
and amplitude of EEG activity; however, due to extreme
variability, the EEG alone is not a reliable index of anes-
thetic depth. And, the agent enflurane has epileptogenic
potential, which greatly limits its usefulness in veterinary
medicine.
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Table 4-4 Factors That Affect Anesthetic Requirements
(MAC)

Increase in requirements:

Hyperthermia

Hypernatremia

CNS stimulants: amphetamine, ephedrine, physostigmine
Decrease in requirements:

Hypothermia

Hyponatremia

Pregnancy

Pa0O, <40 mmHg

Pa CO, >95 mmHg

Mean arterial blood pressure <50 mmHg

Old age

CNS depressants: N,O, opioids, acepromazine, benzodi-
azepines, alpha, agonists, ketamine, thiopental, propofol

Inhalants depress respiratory function in a dose-
dependent manner and respiratory arrest occurs at 2—3
MAC. Of the currently available agents, respiratory
depression occurs in the following order from most to
least at equipotent concentrations: enflurane >
desflurane > isoflurane = methoxyflurane = sevoflurane
> halothane. Halothane has been reported to produce a
paradoxic tachypnea in some patients, and the mecha-
nism is unknown.
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All agents depress cardiovascular performance in a
dose-dependent manner, associated with a negative
inotropic effect, decreased sympathoadrenal activity, and
vasodilation. Halothane is noted for its cardiac sensitiza-
tion to epinephrine-induced arrhythmias. This occurs to
a much lesser extent with methoxyflurane and is
negligible with the other agents. Vasodilation increases
with increasing depth of isoflurane anesthesia, which
contributes to hypotension. Myocardial depression is rel-
atively less with isoflurane, desflurane, and sevoflurane
than halothane, methoxyflurane, and enflurane. Desflu-
rane, while similar to isoflurane in cardiovascular effects,
is reported to sustain autonomic activity better and main-
tain a relatively constant heart rate and, overall, is most
sparing of cardiovascular function.

While all of the inhalation agents are capable of
causing hepatocellular injury due to reduced oxygen deliv-
ery, isoflurane, sevoflurane, and desflurane better main-
tain hepatic blood flow and oxygenation, especially
during prolonged periods. Halothane has been specifi-
cally though rarely associated with fulminant hepatic
necrosis in humans and some animal species and should
be avoided in animals with identified hepatic abnormal-
ities. This effect is probably influenced by such concur-
rent factors as hypoxemia, N,O administration, prior
induction of hepatic drug-metabolizing enzymes, and
mechanical ventilation.

All agents decrease renal blood flow and glomerular
filtration rate in a dose-related manner. The effect is
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exacerbated by preexisting dehydration and hemody-
namic abnormalities and may be minimized by intraop-
erative fluid therapy. Methoxyflurane is most nephrotoxic
and was removed from human use for this reason. The
cause is associated with methoxyflurane biotransforma-
tion, which releases free fluoride ions that cause direct
tubular damage resulting in nonoliguric renal failure.
Enflurane and sevoflurane also produce free fluoride
ions secondary to biotransformation, and sevoflurane
yields a nephrotoxic compound, olefin, when it reacts
with carbon dioxide absorbents; however, neither seems
to result in concentrations great enough to cause signifi-
cant renal damage.

All potent volatile anesthetic agents can trigger
malignant hyperthermia but halothane is the most potent
of the commonly used agents. Malignant hyperthermia
is a pharmacogenetic, often fatal, myopathy of humans
and swine typically characterized by increased tempera-
ture, muscle rigidity, metabolic acidosis, hyperkalemia,
and striated muscle deterioration due to a defect in cal-
cium homeostasis at the cellular level. It has been
reported in horses, dogs, cats, birds, deer, and other
wildlife species, but a genetic link has not been eluci-
dated in these species. In wildlife species, the syndrome
is referred to as capture myopathy.

Anesthetic elimination (and recovery) is influenced
by alveolar ventilation, cardiac output, agent solubility,
and duration of anesthesia (the longer is the duration,
the greater the extent of tissue saturation). When a
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rebreathing circuit is used (Chapter 5), purging the cir-
cuit with oxygen by engaging the oxygen flush valve or
increasing oxygen flow rate will facilitate elimination as
will continued assisted ventilation. While it may seem
intuitive to simply disconnect the patient from the
breathing system, this deprives the patient of oxygen sup-
plementation and increases contamination of the work
environment with exhaled anesthetic agent.
Biotransformation is unique to each anesthetic agent
(see Table 4-2) and occurs primarily in the liver. The
potential for acute and chronic toxicities (Table 4-5)
associated with environmental exposure to inhaled
agents increases with increased biotransformation to
metabolites. This is a major reason why methoxyflurane
(metabolized up to 50%) no longer is used in human

Table 4-5 Adverse Side Effects Associated with
Environmental Exposure to Inhalation Agents

Reproduction disorders Abortion, malformations
Malignancy
Vital organ dysfunction Hepatopathy, renal pathologic

changes, behavioral changes
(headache, fatigue, decreased
performance)

N,O Neutropenia, megaloblastic
anemia (decreased vitamin B, &
methionine synthetase synthesis
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medicine and has lost favor in veterinary medicine, rep-
resenting a significant health hazard to patients and per-
sonnel. Practices to minimize workplace contamination
(Table 4-6) with inhalant agents should be utilized to
minimize human exposure.

Table 4-6 Work Practices That Help Minimize Environ-
mental Contamination of the Workplace with Inhalant
Anesthetics

AN =

© N o w;

Use a scavenger system
Educate all personnel about the potential health hazards
Keep equipment and vaporizers in good condition

Identify and repair leaks in system by an established
routine

Fill vaporizers at the end of the day

Fill vaporizers in a well-ventilated area

Inflate endotracheal tube cuffs adequately

Avoid the use of mask and chamber inductions and main-
tenance whenever possible

Keep patients on O, as long as possible to scavenge
expired anesthetic gases

. Avoid or minimize exposure with the use of respirators

with organic vapor cartridges (available from medical sup-
ply companies) during the first trimester of pregnancy
(while the first trimester is the most vulnerable period,
steps to minimize exposure should be practiced through-
out the pregnancy)
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Nitrous oxide will not provide general anesthesia
alone due to its low potency (see Table 4-2) but is used
as a percentage of the carrier gas (50-70%) to decrease
requirements of the more potent agents and speed
induction, due to its second gas effect (see Table 4-3).
While cardiopulmonary effects are minimal, some
contraindications are associated with its use and it has
been associated with specific toxic effects (see Table
4-5). Nitrous oxide rapidly diffuses into closed gas
spaces (while nitrogen slowly diffuses out) and will cause
expansion of the space and respiratory compromise
(e.g., pneumothorax, intestinal obstruction); therefore,
it is contraindicated in these situations. Nitrous oxide
rarely is used in large animal species because of the large
volume of gas contained in the gastrointestinal tract and
potential for excessive distension as well as the need for
100% oxygen to maintain adequate oxygenation during
inhalation anesthesia. Diffusion hypoxia can occur with
N,O use, due to its rapid exit from the blood into the
lungs when delivery is ended. It is essential that 100%
oxygen delivery be continued for at least 5 min after N,O
is discontinued.

Inhalant agents offer the most versatile method for
maintenance of anesthesia available today. Isoflurane
currently is the most commonly used and favored agent
in veterinary medicine, although sevoflurane, with its
lower solubility, offers benefits that may rival isoflurane
when it becomes a more economical option. Halothane
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remains in common use, despite its arrhythmogenic
potential, slower onset and cessation of action, and
greater potential for cardiovascular depression.
Halothane historically has been preferred in equine
anesthesia, at least for elective procedures, due to
reports of smoother recoveries (than isoflurane).
Recently, use of sevoflurane has been reported to pro-
duce smooth, rapid recoveries and may gain widespread
use in equine anesthesia in the future. Inhalant anesthe-
sia requires vigilant monitoring (Chapter 6) and is not
without potential detrimental effects to both the patient
and the work environment.
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Anesthetic Equipment

The Anesthesia Machine

Basic components of an anesthesia machine include a
compressed gas source, pressure-reducing valve (pres-
sure regulator), flowmeter, and vaporizer. Compressed
(carrier, fresh) gas sources are oxygen and N,O. While
N,O commonly is used in human anesthesia, use in vet-
erinary medicine is limited mainly to dogs and cats to
spare requirements for the more potent inhalant agents.
In addition to liquid bulk tanks for oxygen, sources
include large tanks (e.g., H tanks with 6,910 L capacity for
oxygen or 14,520 L for N,O) connected by high-pres-
sure, color-coded (green for oxygen, blue for N,O) hose

91
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known as DISS (diameter index and safety system) and
small tanks (E tanks: 655 L capacity for oxygen, 1,590 L
for N2O), which may be connected, via a hanger yolk
with a self-contained pressure regulator and pressure
gauge, directly to a small animal machine. A pin index
system configuration (Figure 5-1) prevents inadvertent
interchange of medical gases. Compressed gas tanks are
filled under pressure (2200 psi for oxygen; 750 psi for
N,O) and always must be handled carefully. The pres-
sure gauge reading for oxygen tanks decreases linearly
with decreasing content, providing an indication of
available oxygen remaining.

Pressure regulators reduce the pressure exiting the
compressed gas source to a constant and safe pressure of
50-60 psi to provide a constant pressure to the flowmeter.
Flowmeters control and indicate the rate of flow of oxygen
and N,O delivered to the common gas outlet or through
an out-of-system vaporizer. Gas moves from bottom to
top around a float, which indicates flow rate in L (or
ml) /min. Most flowmeter floats are cylindrical and read
in the middle; alternate-shaped floats are read at the top.
Flowmeters are calibrated at 20°C and 760 mmHg. Flow
knobs usually are color coded and oxygen flowmeter
knobs usually are larger than other knobs on the
machine to minimize human error.

Vaporizers deliver a controlled concentration of potent
inhalant to the patient breathing system. Currently, the
safest vaporizers are out of (breathing) circle (VOC;
Figure 5-2), precision, agent specific, concentration



Oxygen Nitrous oxide

Figure 5-1 Diagram of the pin index safety system, illustrating
the spacing between the valve outlet and pin holes in the valve
bodies for oxygen and N,O cylinders. The numbering system iden-
tifies each pin hole site. (Reprinted with permission from CE Short,
Principles and Practice of Veterinary Anesthesia, Baltimore:
Williams & Wilkins, 1987, page 397.)
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calibrated, and variable bypass, which are temperature,
flow, and back-pressure compensated. Because vaporiz-
ers different than those just described remain in use in
veterinary practice, we provide a brief review of these
vaporizers.

The two major exceptions that remain in veterinary
medical use are nonprecision in-the-circle vaporizers
(Stephens, Ohio #8) and multiagent measured-flow, out-
of-circle vaporizers (Copper Kettle, Vernitrol). In-the-cir-
cle vaporizers (VIC) almost always are located on the
inspiratory side of the breathing system and the patient
breathes through the vaporizer. Vaporization and anes-
thetic concentration in the breathing system is con-
trolled by patient ventilation (increased ventilation will
increase vaporization); the arbitrary settings on the
vaporizers (Ohio #8, 0-10; Stephens, off-8) indicate the
amount of inspiratory flow diverted into the vaporization
chamber. These vaporizers are nonprecision, low resist-
ance, and not temperature compensated, meaning the
delivered concentration is unknown and can change
unpredictably, the anesthesia often being referred to as
qualitative (versus quantitative). Inspired concentration
increases with increased temperature, increased ventila-
tion (spontaneous or mechanical), and decreased fresh
gas flow into the breathing circuit. Mechanical ventila-
tion is contraindicated with VICs. The Ohio #8, with its
wick to increase surface area, was designed specifically
for methoxyflurane (low volatility). Guidelines for use
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with isoflurane and halothane (with wick removed) have
been published; however, this practice is discouraged
due to the high volatility of these agents and the
increased potential to deliver fatal concentrations. The
Stephens vaporizer has been used for halothane and
isoflurane (and sevoflurane) and is intended for use with
a low-flow circle breathing system. A wick is provided for
use with methoxyflurane as well. Vigilant monitoring will
help assure that excessive concentrations are not deliv-
ered to the patient.

Measured-flow vaporizers allow use of multiple
agents because they contain two oxygen flowmeters, one
for diluent flow and one for vaporizer flow. The appro-
priate flow setting for both flowmeters must be calcu-
lated to deliver the desired concentration of the specific
agent used (Figure 5-3). Originally, a special circular
slide rule to determine flowmeter settings was included
with these vaporizers (see Figure 5-3).

Two other features of anesthesia machines need
mention. While not essential, most anesthesia machines
have an oxygen flush valve (OFV), which supplies oxygen
to the common gas outlet or directly to the breathing cir-
cuit at an unmetered rate of 35-75 L/min. The OFV flow
bypasses the vaporizer in contemporary machines, but
older machines to which precision vaporizers were
added later may direct oxygen, with flush activation,
through the vaporizer, with the potential to increase
anesthetic output if the vaporizer is turned on. When
using an anesthesia machine, the circuitry should be
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Figure 5-3 Circular slide rule for calculation of oxygen flows
for an anesthetic machine with a measured-flow VOC vaporizer
(Verni-trol, Copper Kettle). The rule can be used for multiple anes-
thetic agents and a variety of total oxygen flow rates over a range
of temperatures. Calculations can be made according to the fol-
lowing equations (using halothane as the anesthetic agent):

1. Saturated vapor pressure (halothane) = 243 + 760 = 32%;
desired TGF (total gas flow) = 2 L/min; desired halothane con-
centration [%Hal] = 1.5%

2. Halothane vapor leaving vaporizer = desired
%Hal X TGF = 1.5% X 2000 ml = 30 ml

(continues)
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Figure 5-3 (Continued)

3. To provide 30 ml halothane vapor leaving vaporizer: TGF exiting
vaporizer = 30 ml + 32%(sat VP) =
94 ml.

4. 94 ml (TGF exiting vaporizer) — 30 ml (halothane vapor) = 64
ml oxygen entering vaporization chamber (vaporizer flowmeter
setting).

5. Bypass oxygen flowmeter setting = 2000 ml (total flow) — 94
ml = 71906 m/

(Reprinted with permission from Thurmon et al., eds., Lumb and
Jones’ Veterinary Anesthesia, 3rd ed., Baltimore: Williams and
Wilkins, 1996, page 387.)

followed and understood prior to use. The OFV is used
to flush (remove) anesthetic from the rebreathing sys-
tem during recovery or when problems with anesthetic
depth are identified; using it to fill the rebreathing bag
in an attempt to ventilate and deepen the patient’s anes-
thesia is ineffective, as its purpose is to dilute anesthetic
concentration within the breathing circle. The OFV
should not be used in pediatric circuits or nonrebreath-
ing systems, both of which have small volumes, due to the
danger of overpressurizing the patient’s respiratory sys-
tem. The common gas outlet is the site from which gases
that have passed through the flowmeter, vaporizer
(VOC), or OFV exit the anesthesia machine for delivery
to the breathing system. Some vaporizers, purchased sep-
arately and added to a machine, have been placed
between the common gas outlet and the breathing cir-
cuit, which increases the risk of delivering excessive con-
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centrations should the vaporizer be tilted or the oxygen
flush valve engaged when the vaporizer is on.

Anesthesia Breathing Systems

The breathing system connects the anesthesia machine
(via the fresh gas inlet) to the patient (via mask or endo-
tracheal tube). Two types of circuits are used in veteri-
nary medicine. The circle rebreathing system is the most
common circuit used and is standard equipment on
most anesthesia machines. Pediatric, standard adult
(small animal), and large animal circuits differ primarily
in their internal diameters, rebreathing bag, and overall
volume and size of the carbon dioxide absorbent canis-
ter. Pediatric and adult circuits have the same size
absorbent canister and differ only in the size of the
breathing tubes and rebreathing bag used (Table 5-1).

Circle systems have the same basic components,
including:

¢ The Y-piece (patient connection).
¢ Two breathing tubes (between the Y-piece and one-
way valves).

¢ Paired one-way valves (inspiratory and expiratory),
which prevent rebreathing of exhaled gases before
they pass through the absorbent canister.

¢ Fresh gas inlet (site of entry of gases from the com-
mon gas outlet).
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¢ Pop-off (relief) valve, which vents gases to the scav-
enger system and prevents excessive pressure within
the system.

* Rebreathing bag, which provides peak demands dur-
ing inspiration, a mechanism for manually assisting
ventilation, and a method for observing sponta-
neous ventilation.

¢ Pressure manometer, usually attached at absorbent
canister and calibrated in cm H,O to assess pressure
achieved during assisted ventilation.

¢ Absorbent canister.

The absorbent canister is filled with either soda lime
or barium lime granules (calcium hydroxide is the pri-
mary component of both), which neutralize exhaled
CO,. The reaction (CO, + H,0 - H,CO, + 2NaOH +
Ca(OH)2 — CaCO, + Na,CO, + 4H,0 + heat) is
exhaustive and produces a change in the granules,
including heat generation, soft to hard, and a color
change (most often white to violet). As a general rule,
absorbent granules should be changed after 6-8 hr of
use or when the color reaction is apparent in approxi-
mately two thirds of the granules.

Nonrebreathing systems have no chemical absorbent
and depend on a high fresh-gas flow rate to remove
exhaled CO, from the breathing system. They are less
efficient than the rebreathing system; the oxygen and
anesthetic agent are wasted; more anesthetic agent must
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be scavenged, with a greater potential for environmental
contamination; and patient heat and humidity is not
conserved, so that patient cooling due to convective heat
loss is greater. The main advantage is less vesistance to breath-
ing; hence, the recommendation for use in small (<5-7
kg) patients. They also are lightweight, easy to position,
inexpensive (to purchase), and allow rapid changes in
inspired anesthetic concentration. Several systems, classi-
fied collectively by the Mapleson system, are available; in
general, only four are used in veterinary medicine (see
Table 5-1), with the Bains coaxial system being the most
popular. The Bains system is a tube (inspired fresh gas
delivery) within a tube (carries exhaled gases away from
the patient to the reservoir bag and scavenging system)
and can be fitted with a pressure manometer (with an
additional equipment piece that also has a relief valve
and accommodates the reservoir bag).

Waste Gas Scavenging

Several medical problems have been linked to exposure
to waste anesthetic gases (see Table 4-5). Guidelines to
minimize workplace contamination (see Table 4-6)
include a scavenging system on all anesthesia machines to
collect and eliminate waste gases from the workplace. A
gas-collecting connection (the pop-off or relief valve), an
interface, and a disposal system compose the scavenging
system assembly. The interface prevents transfer of pres-
sure changes from the disposal system to the breathing
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system. It includes positive and negative pressure relief
mechanisms and, for active systems, a reservoir bag to
provide visual assessment of its proper function.

Disposal systems are passive or active. Passive systems
include piping waste gases into nonrecirculating ventila-
tion systems, directly to the atmosphere, and through
absorption devices (F/air canisters are portable and neu-
tralize inhaled gases with the exception of N,O but have
a limited useful life, making them expensive and variable
in effectiveness).

Active systems include piped vacuum and active duct
systems. A piped vacuum system is convenient when
already in place and when location of exit for passive dis-
charge is inconvenient. An active duct system with high
volume flow and low negative pressure is ideal for waste
gas removal. Tubing for the connecting parts of the scav-
enging system ideally should be readily discernible from
the breathing circuit. Table 5-2 is a simple guide to per-
forming routine checks of the anesthesia machine and
to detecting leaks from the breathing circuit.

Ventilators

Controlled ventilation is unnecessary for the majority of
anesthetized veterinary patients, but a variety of patient
circumstances will prompt the need for intermittent pos-
itive pressure ventilation (IPPV). Indications include
apnea; documentation of severe hypoventilation
(TPaCO2); intrathoracic surgery; patient factors such as
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Table 5-2 Recommendations for Routine Assessment of
Anesthesia Machine and Breathing Circuit to Minimize Risk
of Malfunction and Environmental Pollution

1. Machine check

a.

Check anesthetic level in vaporizer and fill if indicated
(preferably, at time when room is not in use).

b. Check tightness of filler cap.

C.

Make sure vaporizer setting is in off position.

2. Oxygen supply and delivery

a.

Check cylinder pressure (50—60 psi) and assess quan-
tity of oxygen available.

. For machines equipped with N,O source and flowmeter,

turn on N,O flow and turn off oxygen supply; N,O float
should drop to zero. (This should be performed at least
weekly.)

Verify proper flowmeter function. Float should move
freely the entire length of flowmeter tube.

3. Check breathing circuit

a.
b.

Assure all fittings are tight.

Check absorbant canister for need to change soda lime
and assure canister is properly positioned and tightly fitted.
Confirm proper function of unidirectional valves of circle

by inhaling and exhaling through Y-piece and observing
appropriate movement.

. Check for leaks: Close the relief valve, occlude the Y-

piece, pressurize the circuit to 30 cm H,O; pressure
should remain stable or drop slowly (<250 ml/min).
Open the relief valve to assure release of pressure.

(continues)
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Table 5-2 (Continued)

4. Check waste gas scavenging system

a. Confirm connection to relief valve.

b. Connect or activate active scavenging system or verify
patency of passive system.

5. Check ventilator function (when applicable).

a. Turn on prior to connection to breathing circuit (may
require partially occluding connecting tubing) to assure
function and appropriate settings.

b. Verify proper connection to breathing circuit, which
includes closing the relief valve.

¢. The scavenging system must be connected to the venti-
lator relief valve when in use.

obesity, abdominal distention, or primary lung dysfunc-
tion; use of an intraoperative neuromuscular blocking
agent; surgery lasting more than 90 min; the need for
hyperventilation in cases of head trauma; and facilitation
of a stable plane of surgical anesthesia by enhancing
anesthetic agent delivery and uptake.

Maintaining a PaCO, between 35 and 45 mmHg is
the general goal of IPPV; however, there is controversy
regarding the desired high-end range for PaCO2, with 50
mmHg commonly recommended. Moderate increases in
PaCO, support arterial blood pressure through endoge-
nous catecholamine release. Intermittent positive pres-
sure ventilation decreases cardiovascular function by
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impeding venous return to the heart (and therefore dias-
tolic filling). The benefits of IPPV, compared to the
potential detrimental effects, should be considered in
every patient. High-risk patients with inadequate vascu-
lar volume or compromised cardiac function may not
tolerate IPPV well, as evidenced by exacerbation of low
arterial blood pressure values.

Even though IPPV has a negative effect on cardio-
vascular performance, this is minimized by assuring ade-
quate intravascular volume, using inotropes to enhance
cardiovascular performance (Chapter 7), and applying
IPPV within the recommended guidelines (Table 5-3).

Ventilators are classified broadly, based on mode of
operation, including pressure cycled and volume cycled.
Ventilators require electricity, compressed gas, or both
for operation. The timing of pressure-cycled ventilators is
influenced by a preset peak inspiratory pressure limit.
Inspiration will continue until a preset pressure is
achieved, regardless of the volume delivered. While this
type of operation is safer, in that it will not allow delivery
of excessive pressure during the inspiratory phase, tidal
volume delivered may be inadequate (depending on
lung and breathing system compliance). The tidal vol-
ume delivered tends to decrease over time unless the
ventilator periodically is reset to compensate for the tem-
poral decrease in lung compliance.

Volume-cycled ventilators deliver a preset tidal volume
regardless of peak pressure achieved. Most ventilators of
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Table 5-3 Recommended Settings for Mechanical
Ventilation

Setting Guidelines

Tidal volume* 15-20 ml/kg (small animals)
10-15 mi/kg (large animals)

Inspiratory time <1.5 sec (small animals)

<3 sec (large animals)
I:E (inspiratory to expiratory)  <1:2

ratio
Peak inspiratory pressure 12-20 cm H,0 (small animals)
20-30 cm H,0 (large animals)
Respiratory frequency 8—14 (dogs)

10—14 (cats)
6—10 (horse and cow)
8—12 (small ruminants and
pigs)
*\lentilator tidal volume is set slightly higher than the actual patient needs, to allow
for increases in breathing system and airway volume when positive pressure is
delivered. Setting tidal volume too low will permit development of atelectasis. When

lower tidal volume must be used (e.g, on animals with abdominal distention or
diaphragmatic hernia), the rate should be increased accordingly.

this type have settings that limit the maximum pressure
achieved to assure patient safety. Maximum pressure dur-
ing the inspiratory phase increases as patient compliance
decreases. Leaks in the breathing circuit do not become
readily apparent with volume-cycled operation, while
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leaks usually are readily apparent with pressure-cycled
ventilators.

While ventilators historically have been classified as
pressure or volume cycled, the terms are somewhat mis-
leading because most often a timing mechanism controls
the change from the inspiratory phase to the expiratory
phase, with inspiratory time being a major determinant
of the cycle. Ventilators also are classified according to
direction of bellows movement during expiration. Ascending
(during expiration) bellows are considered safer,
because they will not fill if a disconnection occurs in the
breathing circuit, thus quickly alerting the anesthetist to
a problem.

Even though an anesthetized animal may appear to
be ventilating adequately, as indicated by a normal spon-
taneous respiratory rate and a “normal™-appearing tidal
volume, some degree of respiratory depression is pres-
ent. The subsequent elevation of PaCO, may be quanti-
tated by arterial blood gas analysis or continuously
reading capnometers, which visually display a value for
end-tidal carbon dioxide, an indirect measure of PaCO,.
Anesthesia-associated hypercapnia during spontaneous
ventilation tends to increase with the duration of the
anesthesia. This stresses the importance of minimizing
anesthesia time and providing ventilatory support, either
manually or mechanically, for prolonged procedures
and high-risk patients.
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Monitoring Anesthesia

Based on suggestions by the American College of Veteri-
nary Anesthesiologists (ACVA) for monitoring anes-
thetized veterinary patients, personnel should be “aware
of the patient’s status at all times during anesthesia and
recovery.” No monitoring tool or device can take the
place of constant human observation; available equip-
ment is meant to enhance the observation skills of the
attending anesthetist. Keeping a record of perianesthetic
events (see Figure 1-1) will provide a legal document
and facilitate appropriate observation and temporal
recording of relevant measured parameters and events.
Monitoring provides ongoing determination of patient
physiologic status, allowing early recognition and treat-
ment of abnormalities and a way to assess therapeutic
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efficacy. Recommended monitoring methods and
devices are targeted to assure adequate circulation, oxy-
genation, and ventilation. The best treatment for anes-
thetic complications is prevention. But, when they do
occur, early recognition usually will allow correction with
minimal intervention and long-term detrimental effects.

Monitoring efforts concentrate on three body
systems—the central nervous system (including ocular,
musculoskeletal, and other reflexes), the cardiovascular
system, and the respiratory system—and should include
periodic temperature assessment. The following guide-
lines should be considered:

1. Evaluation of integrated responses, using one or
more parameters for multiple body system assess-
ment, allows more accurate and representative
ongoing patient assessment than reliance on a single
parameter.

2. Even though a variety of monitoring devices is avail-
able, it is best to choose one or two for routine use
and become familiar with their benefits and limita-
tions, remembering that they are a supplement to
monitoring not a replacement.

3. The monitoring plan should increase in complexity
(more quantitative measurements) as patient and
procedure risk increase.

4. Noninvasive monitors are relatively easy to use but
results can be highly variable; the data provided are
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best viewed as trends (qualitative) over time rather
than quantitative measurements.

5. In general, invasive monitoring techniques are more
accurate but more expensive to provide, require
greater technical skill, and usually are reserved for
high-risk patients and procedures (horses are an
exception, for which invasive arterial blood pressure
monitoring is used routinely during inhalation anes-
thesia regardless of patient status).

6. Keeping an anesthetic record provides a method of
tracking trends in measured parameters (e.g., heart
rate, respiratory rate, blood pressure) and provides
information for subsequent anesthetic episodes in
that patient.

Signs of the various stages of inhalation anesthesia
are listed in Table 4-1. General anesthesia includes uncon-
sciousness, insensitivity to pain, muscle relaxation, and absence
of reflex response. The degree required for each of these
effects depends largely on the procedure. While no clear
line divides stages and planes of anesthesia, planes 2 and
3 of stage III are the desired levels for most procedures.
Confounding factors that complicate evaluation accord-
ing to stage, include variation in species response to
anesthetic agents, premedication agents administered,
PaO, and PaCO, values, and the patient’s physical status.
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Assessment of the cardiovascular and respiratory
systems incorporate subjective and objective data that
indicate the state of circulation, oxygenation, and venti-
lation. Table 6-1 lists the parameters that may be
assessed and methods and equipment available. Table
6-2 provides details on the principles and operation of
the capnograph and pulse oximeter. Table 6-3 lists nor-
mal values for some measured parameters in a variety of
species. Table 6—4 lists some potential abnormalities that
may develop during general anesthesia, potential causes
to be investigated, and an approach to management.
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Figure 6-1 Diagram of normal expired CO, waveform. The
three phases of the normal waveform include apparatus and
anatomical series dead space (phase 1), mixture of anatomical
series and alveolar parallel gas (phase II), and the alveolar plateau
(phase 1lI), a mixture of gases from well-perfused alveoli and alve-
olar dead space (unperfused alveoli). (Reprinted with permission
from KK Tremper, Interpretation of noninvasive oxygen and carbon
dioxide data. Can J Anaesth 1990;37(4):SIxxxi.)
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Figure 6-2 (A) The oxyhemoglobin dissociation curve illus-
trates the relationship between blood oxygen tension (PO,) and
hemoglobin saturation (Sa0,). A simple guide summarizing the
relationship between Pa0, and SaO, follows for interpretation of
pulse oximeter readings obtained during clinical monitoring.

Pa0, (mmHg) Sa0, (%) Interpretation

>80 >95 Normal
<60 <90 Significant hypoxemia
<40 <75 Serious life-threatening hypoxemia

(B) A combination pulse oximeter and electrocardiograph.
(Courtesy of SurgiVet Inc., Waukesha, W1.)

124



125

Monitoring Anesthesia

Y-
(sjewiue a3ie)) |$-G7

(1/b3w) sseoxe aseg

'S3]eUoaU Ul JoySIY 9q 0} pud) Sajey «

GG (BHww) “oded

(sewiue lews) Sz—/1  (1/b3w) ajeuoguedig SyL-ael Hd euayy

(0L = “0'4 :usBkx0 9001) 005< %S6< (%) ‘0ds

(17 = “0H e woo1) 00L-08 (BHww) “Oed 0v-0¢  (BHWW) ‘0D 13

:591D3ds ||B 0} UOWILLIOD 3Ie SaN|eA UIMO||0} B :SSION
(3/1uD)

G9-G§ 0,-0§ 0/—09 09-LS 00l1-0L  G9-S¥  06—GL SWn|oA poolg
(Uiw/3%/1ul)
uone|uaA

Ov¢-061 00¥—00%2 0%£1—00l VN YN 05£-00C 06¢—0L1 SINUIN
Ul /a1el

09-0¢ 0¢-0l 0¢-Gl 0¢—cl G1-8  0Ov—¢l  0¢-0l Aiojeidsay
Lui/a1el

G¢g—00C¢  06—09 06-08 08-09 0S—GC 00C—00L OFl-0L HesH
(O, 2100)

0r—8% 07—8¢ Ov—LS 65—L¢ 8%—1S Ob—-L¢ Ov—L¢  njeiadws]

nqqey 314 daays/jeon Mo) 3SI0H 1-5) Soq Jajpweled

sapads Jo AjaleA B Ul SI9)aWeRIRd PAINSEI)\ PIII9|SS 104 SON[EA ,[BWIION,,

£-9 9qelL



126  Monitoring Anesthesia

sawnsal 8uiyiealq snosueuods
|nun poddns Alojejiuan spinoid

aqn} |3 juated ainssy

SUILDRW RISILISAUR ¥3YD

yadap onasaue ssassy
pajedipul §i aoeds |einajd siendsy

tpdop ‘oueldwod ssassy
ainjelodwia) ssassy

se3 poojq pue Hd |elaUE SSISSY

adap onasaue ssassy

sjuagde
JnRYIsaue paalul Jo 19943
uoISNP20 agn|

HN2ID
8uIyiealq Ul UonezINSsald

paziayisaue Ajdesp ool
uoisnys |eina|d

‘xeloyjownaud ‘siseps|ay
(sueoley

‘spioido) paonpur 3niQg

elwsypadAy
sisopie

‘eiquensadAy ‘eluuaxodAy
paziayisaue

Aidoap 003 10 43| ool

Japeleyd ul
23upyp ‘eaude
‘s1e1 Alojendsal

pasealnag

eaudAyoe]

juswadeuey

sasne) jenjuajod

uopnedyjdwo)

Sunoyuopy ondyIsauy Suung swajqoid paynuap| Sunooysajqnoll -9 3jqel



sia 127

nitoring Anesthe

Mo

(Senunuod)
[+I] wnias ssasse 'Ao1sIy MaIADY eiwa|eyadAy
PILIBYDSI
SNIR1S UOIRUSBAXO ‘dgy SSossy |eipseoAw ‘uoisusiodAy
uone|ndiuew dos uone|nuwns
:uone|ndiuew |RISISIA pue JBNdQO |eSeA paonpul Ajjeai3ing uw/0s>
dDl paseanul ‘uoisuspadAy SjueUILLNY WS
uIw/0s
—0t> :9med
uIw/sz
—0T> :S9SI0H
1uade 21818UIj0YDRUR JS)SIUILLPE u/001
‘yidap onayisaue aseansp sxBllBylodAy —06> 51D
“leay apinoid ‘auneiadwisy ssassy ‘tpdop JnayIsaur SAISSIOXT uw/oz
(1 xipuaddy) juade (spioido ‘sysiuo3e —09> :s30Q
21312uljoyDnUR IS)SIUILIPY eyd|e) poonpui-Sniq 4DIpIDIAPDIG SNUIS
uone|uaA snoaueyuods
1988113 0} aseanul 0} ‘0D Moj|y uonejyuaniadAy oiuadonel

1eay apnoid ‘ypdap
95ea109p ‘aInjesadua) ssassy elwayodAH



128 Monitoring Anesthesia

(slewue 231e| 10} a3uel 0P
Jamo| ‘snjog Al 8%/3w ['0-£0°0)
auupayds !(uiw/8%/8r 1o Bow
01—G) auiwedop !(uiw,/3/3r 1o
3ow 01 —g) suiweingop :uoddns
didonour apinoid ‘Aoisiy mainay
poddns piojj02/poo|q spinoid
91kl UONRASIUILIPE pINj} 9SEa.0U|
1Lpdep eisaylsaur 0Npal/ssassy

sase8 poo|q |elsle SSISSY
uoddns oidonour apinoig
dgv/Aujenb asind ssassy
tadap onayissue ssassy

sisdes ‘eluuaxojopu3

SSOJ pinj} 10 poojg
paznayisaue Aidosp ool uolsuaodAy
(sounw
-B|OYD3}eD ‘Sa1RIN}IgIRqOIy}
'sjuade aARIDOSSIP
Di181aurjoyonue) paonpur 3niQg
piwaxodAy ‘eludedsadAH

uoisuaodAy
(uied) paznayisaue Apydij ool eipsedAyde) snuig

juswadeuey

sasne) jenjuajod uonedijdwo)

(panunuo)) -9 dqelL



sia 129

nitoring Anesthe

Mo

(sanunuod)

ainssaid poojq |euspe = dgy

ainssaid [eiuenRNUl = ¢D]

(Uiu/3y/|w
1'0—G0'0 18 SAI3 !pInj} ploj|e1sAd
0} |w/3w | ppe) uiw/3y/3r
10 3w 0O1—0G e uolsnyul

URIS SDAJ JO WInjal pajeadal 104
UL OZ JaA0 sawly #—Z Al Snjoq
:(sasioy 'sied 1oy 3%/3W G'0-7°0)

3y/3w z—| :Adesayy auiedopi]
SUONRIUSDUOD 3}A|01103]D

WINJSS $53sSe ‘AI0ISIY MaINSY
papaau se

eisayisaue Juawalddns !yidop ssassy
Pa1e2Ipul SB UOIR|JUSA

opinoid ‘sed poo|q |elsle SSISSY

day ‘syuswainbal piny ssassy

BUSILD PR)SI| 199w
SOA Uaym 1ea13 'AIojsiy mainay

Anjenb as|nd

Jood Aq paiuedwodoe

‘sunt Ul 5UsLN0

‘leconw ‘uiw/Qz-gl<
:usWeal} DAJ 10} BUSID

seduRRqUII S1A|011039|3
(uied)
Lpdop onaysaue senbapeul

eiwaxodAy ‘eludedsadAH
uoisuajodAy ‘eiwsjonodAy

ewiNel}
/aseasip |elpiedoAw Alewlld

(DAd)
selwiyAyLe
1B|NDLIUBA



130 Monitoring Anesthesia

“AyjpoenUOD [RIpIEdOAW

UO 109j9 [PLIUILL Yym sjuawalinbal dnayisaue [eiaual areds o) djay Aew spioido anneiadoenul jo uonensiuiLpy,
uawa8euew Jo spadse Juepodul a1e wiemal o} sydwiane pue yidop

eISay1saue 3uisealna( “s)uade didsuijoyonue o) ApAaYS puodsal Jou Aew eiuaylodAy punojoid YIM S|eiUY s
‘Hoddns juade d181suljoypiue Yum Ajpnissai38e alow

pajeal) aq pnoys elpiedApelq ‘|ersusd ul pue 4ndino deipied sjenbape Joj sjel pesy uo juspuadsp aiow Sie S3jeuosN
'S9]RUORU Ul 91l Jeay ,LWINWIUIW, SB PaIapIsuod aq pjnoys anjea JaySiy v "SYNpe o} aie S1el Ueay Joj SaulfapiND

(panunuo)) -9 dqelL



7

Supportive Care During Anesthesia

Supportive care during general anesthesia contributes
significantly to a successful outcome. Many factors, such
as increased patient risk and prolonged, complex, and
invasive procedures, increase the critical need for sup-
portive measures that will assure patient homeostasis
during the anesthetic period. Supportive care begins
preoperatively with a thorough patient evaluation,
including physical examination and appropriate diag-
nostic evaluation and correction of any abnormalities
identified, especially fluid and electrolyte deficits and pH
abnormalities. Intraoperative support includes appropri-
ate fluid administration, assurance of acid-base balance,
ventilatory support (Chapter 5), administration of
adjunct drugs as indicated, provision of external heat,
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132  Supportive Care During Anesthesia

and positioning considerations. The most critical factor
guiding supportive care during the anesthetic period is
adequate monitoring (Chapter 6). Monitoring is the link
between recognition of developing problems and rapid
correction before the problem becomes life threatening.

Fluid Therapy

Fluid therapy usually is unnecessary for short procedures
in healthy patients, although it is always advisable to have
intravenous access established for any anesthetized
patient, in case of unexpected blood loss, the need for
cardiorespiratory supportive drugs, or additional
injectable anesthetic agents. For high-risk patients
undergoing invasive, prolonged procedures, fluid
administration provides replacement for intraoperative
evaporative losses and third space losses associated with
surgical trauma or the existing primary disease process,
and it helps maintain cardiovascular stability and organ
perfusion, which are altered by anesthetic agents.

Most commonly and for most species, a balanced
crystalloid fluid similar in composition to extracellular
fluid (e.g., LRS or Normosol-R) is administered at a rate
of 10 ml/kg/hr. After the initial two hours of anesthesia, if
blood loss is minimal and arterial pressure stable,
decreasing the fluid rate to 4-8 ml/kg/hr is recom-
mended to avoid excessive dilution of packed cell vol-
ume (PCV) and total protein, especially during
prolonged procedures. These fluid rate guidelines must
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be adjusted, based on the individual patient, blood or
other body fluid loss (e.g., third space loss), and blood
pressure monitoring, to assure adequate tissue perfu-
sion. Normal body water percentage and distribution
and electrolyte composition of body water and several
commercially available fluids are listed in Table 7-1.

The following guidelines are for fluid therapy in the
perioperative period:

1. Abnormalities identified on preoperative evaluation,
including dehydration and acid-base and electrolyte
imbalances, should be corrected prior to induction
of anesthesia, whenever possible. Table 7-2 provides
a general guide for clinical and laboratory assess-
ment of dehydration.

2. Fluids that do not contain an alkalinizing agent (i.e.,
0.9% saline, 5% dextrose, Ringer’s) tend to promote
metabolic acidosis (by dilution) if used for pro-
longed periods.

3. Blood loss may be replaced with crystalloid fluids at
three times the estimated blood volume as long as
PCV remains above 20%. This guideline is based on
the fact that crystalloid fluids distribute to the entire
extracellular fluid volume (ECF), which is approxi-
mately three times the blood volume.

4. Fluids to which glucose has been added (for 2.5%,
add 25 mg/ml; for 5%, add 50 mg/ml) should be
administered to neonates, small patients (<2 kg),
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avian patients, and animals at risk for hypoglycemia
(e.g., those with insulinoma, diabetes mellitus, por-
tal caval shunt) to avoid a hypoglycemic crisis. It is
advisable to monitor blood glucose levels during
prolonged anesthetic periods.

. Administration of large quantities of fluids at room
temperature can contribute significantly to hypother-
mia. Efforts should be taken to warm fluids (cocoon-
ing the administration line in hot water bottles,
warming the fluids, using commercially available
infusion warmers during prolonged administration;
Figure 7-1), especially in small patients.

. Administration of large quantities of fluids can con-
tribute to the development of cerebral and pul-
monary edema (this depends on many factors,
including fluid administration rate, patient’s serum
protein concentration, and cardiac function). In at-
risk patients, consider administration of a colloid, if
necessary, to maintain adequate circulating volume
and blood pressure.

. Animals that may not handle volume overload (e.g.,
those with mitral insufficiency) should receive fluids
at 50% or less the standard rate.

. Maximum rate of fluid administration is 90 ml/
kg/hr for most domestic species; cats should not
receive greater than 50 ml/kg/hr. Higher rates (up
to 360 ml/kg/hr) probably will be tolerated in
relatively healthy patients; administer fluids as rap-



Figure 7-1 Infusion warmers are available in two sizes to
accommodate fluid and blood administration sets. These devices
are especially useful for administering blood products or large vol-
umes of fluid during prolonged procedures to help minimize
hypothermia. (Reprinted with permission from Thurmon et al.,
eds., Lumb and Jones’ Veterinary Anesthesia, 3rd ed., Baltimore:
Williams & Wilkins, 1996, page 579.)
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idly as necessary to achieve hemodynamic stability
and decrease the rate as soon as this occurs.

. For hypokalemic animals, it is best to correct the

deficit prior to anesthesia; K*-supplemented fluids
administered during anesthesia could result in car-
diac conduction disturbances, if fluid administration
were suddenly increased. Potassium supplementa-
tion is common (adding 10-30 mEq/L) during
supportive care of patients with a variety of abnor-
malities, such as anorexia, diarrhea, or vomiting.
Intravenous potassium administration must not
exceed 0.5 mEq/kg/hr.

Intraoperative serial assessment of packed cell vol-
ume and total protein is advisable in prolonged pro-
cedures and necessary when significant blood loss
occurs. While numbers vary in the literature, blood
loss greater than 20% of total blood volume (i.e.,
8-10% of body weight; Table 6-3) in healthy patients
and greater than 10% loss in critical patients should
be replaced with whole blood, packed red cells, or an
artificial blood solution, depending on availability.
Colloids should be administered when hypopro-
teinemia is present or when crystalloid fluids fail to
maintain adequate blood pressure (i.e., minimum of
60 mmHg, mean arterial pressure). Table 7-3 lists
some available blood and colloid products and basic
indications and guidelines for use.
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11. Metabolic acidosis may be preexisting or develop
during anesthesia due to poor perfusion or
hypothermia and may require treatment in some
cases. Alkalinizing agents should be considered if
the pH is <7.2 and the acidosis is due to the meta-
bolic component (i.e., PCO, is within normal limits;
see the acid-base section later).

Routes of Administration

While subcutaneous fluid replacement with isotonic
fluid (preferably without dextrose or at concentrations
<2.5%) is acceptable for mild dehydration, moderate to
severe dehydration requiring relatively rapid correction
should be treated with intravenous fluids. While venous
access usually is no problem in most species under rela-
tively normal conditions, neonates and severely volume-
depleted animals can present a challenge. For very small
and very hypotensive patients or patients with throm-
bosed peripheral vasculature, the intraosseous route of
fluid administration may provide the necessary access to
reestablish fluid balance prior to and during anesthesia.
This route also is effective for infusion of a variety of
anesthetic agents and cardiosupportive drugs. The most
common access sites in small animals include the medial
surface of the proximal tibia 1-2 cm distal to the tibial
tuberosity, the tibial tuberosity, the trocanteric fossa of
the femur, the wing of the ilium, the ischium, and the
greater tubercle of the humerus. In birds, access sites
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include the distal ulna and the proximal tibiotarsus
(see Figure 11-2). A spinal needle (20-22 ga) is pre-
ferred if patient size will accommodate placement. Hypo-
dermic needles (22-25 ga) are more appropriate for
very small patients, but these have a tendency to become
blocked with a bone piece during entry through the cor-
tex. The needles are placed aseptically, capped, and uti-
lized like IV catheters; they usually are sewn or taped to
the skin using a tape butterfly and protected with a bulky
wrap to prevent bending or breaking. Fluid rate is lim-
ited to 11 ml/min and can be doubled using pressuriza-
tion (300 mmHg). Contraindications for intraosseous
cannulation include recent fractures, pneumatic bones,
infection over the access site, and sepsis.

Acid-Base Balance

Normal blood pH (7.35-7.45) is maintained through
three general mechanisms: buffer systems (bicarbonate is
the major extracellular buffer, where pH = 6.1 + log
HCO,/H,CO,; hemoglobin, plasma protein, and phos-
phate play a lesser role) cushion insults that alter the pH;
the lungs (respiratory mechanism) alter the pH through
changes in PCO, (normal PaCO, = 35-45 mmHg;
hypoventilation will increase PaCOQ, and hyperventila-
tion will decrease PaCO,); and the kidney (metabolic
mechanism) affects the pH through excretion of H" and
generation and resorption of HCO,~ (normal: HCO, =
17-31 mEq/L).
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The acid-base status should be assessed prior to anes-
thetic induction in high-risk patients. If preexisting meta-
bolic disorders are identified, anesthesia should be
postponed until the disorders are corrected, as general
anesthesia can exacerbate an acid-base imbalance. Dis-
orders of the pH can affect electrolyte concentrations
(the pH affects potassium concentration inversely:
decreased pH = increased K" and vice versa; pH affects
ionized calcium inversely: decreased pH = increased
ionized Ca™ and vice versa), cardiac contractility, vascu-
lar responsiveness, and normal cellular function.

Four primary disturbances in pH balance can occur
(Table 7-4), and the complexity of interpretation is
increased by compensatory responses (the opposing sys-
tem responds to turn pH back toward the normal range)
and the potential for a mixed disorder in some patients.

Oxygenation

Arterial oxygen tension (PaO2) , included in routine arte-
rial blood gas analysis, provides accurate assessment of
the patient’s ability to oxygenate the blood and provide
adequate tissue oxygenation during anesthesia. Tissue
oxygenation is determined by hemoglobin concentra-
tion, hemoglobin saturation (SpOQ, which is determined
by PaO,; Figure 6-2A), and blood delivery (cardiac
output as reflected by arterial blood pressure). Five factors
contribute to decreased arterial oxygen tension (PaQ,):
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decreased inspired concentration (F,0,), hypoventilation,
diffusion abnormality, ventilation-perfusion (VQ) mismatch,
and right-to-left shunt. All but the last benefit from
enriched oxygen delivery (F,O, = 1.0 or 100% versus
room air; F,O, = 0.21 or 21%). Anesthetized patients are
susceptible to hypoventilation and VQ mismatch, espe-
cially horses, and supplemental oxygen is recommended
in all patients, especially those at increased risk for devel-
opment of hypoxemia (e.g., those with respiratory
abnormalities). Hypoxemia is defined as PaO, <60
mmHg (which corresponds approximately to SpO, =
90%). The PaO, value should be maintained at least
above 60 mmHg and preferably above 100 mmHg
throughout the perianesthetic period.

Intraoperative Adjunct Drugs

The use of various agents to support cardiac perform-
ance during general anesthesia is guided by the moni-
toring devices applied during the anesthetic period.
Continuous electrocardiography detects rhythm distur-
bances that might benefit from therapeutic intervention,
and quantitative blood pressure monitoring (either inva-
sive or noninvasive) guides the need for inotropic sup-
port. Ventricular premature complexes should be treated if
they are multiform, appear to be superimposed on the
previous T wave, occur in runs, are >15-20/min in
frequency, or have a significant detrimental effect on
arterial blood pressure. Lidocaine dosages are listed in
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Table 6—4. Ventricular tachycardia may respond to lido-
caine ifa pulse is present and the rate is 2150/minute.

Hypotension not responsive to fluid bolus and
decreasing the depth of anesthesia may benefit from
inotropic agent administration. Dobutamine and
dopamine must be administered as an infusion due to
their short duration of effect. Ephedrine, as an IV bolus,
will provide blood pressure support by both direct and
indirect effects at both alpha and beta receptors; the
effects may persist for 10-30 min. Dosages are listed in
Table 6-4. An ECG should be monitored during admin-
istration, as these agents can promote arrhythmias. Infu-
sion of epinephrine has been suggested for hypotension
that fails to respond to the more commonly used
inotropes. Due to its inherent arrhythmogenicity, epi-
nephrine should be reserved for refractory cases and
avoided during halothane anesthesia.

Prevention of Hypothermia

Hypothermia occurs commonly during general anesthe-
sia, especially in small and neonatal patients, due to the
relatively large body surface to mass ratio and contribut-
ing factors including inhalation of dry, cold anesthetic
gases; contact with cold surfaces; wet skin from surgical
site preparation; exposure of body cavities during the
procedure; anestheticiinduced vasodilation; and ther-
moregulatory depression. Severe hypothermia can cause
brain damage, ventilatory depression, life-threatening
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cardiac arrhythmias and conduction disturbances,
and acid-base and electrolyte derangements, which
contribute significantly to delayed recoveries. Several
methods are available to limit heat loss during anesthe-
sia, including maintaining the ambient temperature
between 21 and 25°C, keeping the patient on a circulat-
ing water blanket, applying “space” wraps or forced air
blanket heaters when possible, and using warmed intra-
venous crystalloid fluids when relatively large quantities
are administered. Minimizing anesthesia time is one of
the most critical factors in the prevention of severe
hypothermia. Monitoring the patient’s temperature with
an esophageal probe to assess the core temperature is
the most accurate representation of the patient’s heat
balance. Small patients benefit from recovery in incuba-
tors, if available. Measures to facilitate return to nor-
mothermia during recovery include providing a warm
ambient temperature, using water-circulating blankets to
“cocoon” the patient, using heat lamps, and administer-
ing warm IV fluids, if therapy is continued into the post-
operative period. As patients recover, shivering invariably
occurs as part of the warming process and can increase
oxygen consumption fivefold, often at a time when res-
piration still is depressed. Providing supplemental oxy-
gen until the body temperature has returned to near
normal helps prevent development of hypoxemia and is
especially important in high-risk patients, such as those
with underlying respiratory or cardiac abnormalities.
Temperature monitoring should be continued until the
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temperature returns to normal. To avoid hyperthermia,
it is advisable to remove heating devices once the body
temperature reaches 98-99°F and the patient is awake
and showing spontaneous movement.

Positioning Considerations

Padding and positioning are of greater concern in large
animal patients, but some considerations for positioning
small animal patients deserve mention. Considerations
for both large and small patients assume even greater
importance during prolonged procedures. Tilting
patients to a “head-down” position, as for ovariohysterec-
tomy, has minimal adverse effects in the short term and
in healthy patients but should be avoided for prolonged
periods and in high-risk patients due to respiratory com-
promise. Positioning the forelimbs forward is common
and not detrimental if done loosely. However, extreme
extension of the forelimbs can interfere with respiratory
movement and cause brachial neuropathy if applied for
long periods of time. The dependent lung (lateral
recumbency) becomes atelectic over time, and this effect
is exacerbated with duration of anesthesia. In patients
with unilateral lung disease, it is beneficial to place the
more “normal” lung up, when possible. Assure that the
airway stays patent by keeping the neck and head slightly
extended and assure unrestricted respiratory movement
(equipment and elbows should not be placed on the
thoracic area).
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Large animal patients should be placed on a
padded surface to minimize the risk of postanesthetic
myopathy—this is essential for equine patients during gas
anesthesia. Available padding includes bags that can be
filled with air once the animal is positioned (dunnage
bags) and thick (4 in. minimum) foam- or waterfilled
pads. Laterally recumbent animals should have the lower
forelimb extended forward to minimize the risk of
entrapping the brachial plexus with resultant neuropa-
thy. The upper limbs should be supported to maintain
them parallel to the table surface (see additional species-
specific recommendations in species chapters). These
considerations are of lesser importance in small rumi-
nants and camelids, but padding (2 in. minimum)
should be provided for these patients.
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Pain Management

The definition, recognition, and management of pain
has become a central issue in veterinary practice due to
increased awareness and knowledge by veterinarians and
pet owners. Pain is an unpleasant sensory or emotional
experience associated with actual or potential tissue
damage and has been described as “an experience for
which there is no direct measure.” Pain causes distress
and suffering, which contributes greatly to the stress
associated with hospitalization and anesthesia. A series of
behavioral, physiologic, endocrine, metabolic, and cellu-
lar responses accompany pain, which maintain and
amplify the pain response. Except to warn that some-
thing is wrong, pain rarely, if ever, has beneficial effects,
and unmanaged pain interferes with normal behavior

157
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patterns. Activation of the sympathetic nervous system
secondary to pain may result in protein catabolism,
abnormal renal function, electrolyte disturbances,
immune suppression, and delayed healing.

Pain is difficult to quantitate because many animals
are stoic; and signs of pain vary greatly with species,
breed, age, health status, behavioral patterns, and pain
intensity. Table 8-1 lists physiologic and behavioral signs
that may be (but are not exclusively) associated with pain
as well as some specific painful insults and the expected
degree of associated pain. Because signs of pain are often
nonspecific and sometimes discrete, management of
pain in veterinary patients often is inadequate. It is
important to maintain a liberal attitude regarding anal-
gesic therapy. While overtreatment may occur, the con-
sequences of unnecessary analgesia and side effects must
be weighed against the detrimental effects of unrelieved
pain. In general, any procedure known to be painful in
humans should be assumed to be painful in animals and
treated appropriately.

Physiology of Pain

Nociceptive signals are transmitted to the spinal cord by
fine myelinated A-delta fibers and unmyelinated C fibers,
with their cell bodies contained in the dorsal root gan-
glia. Two neuron types have been identified: nociceptive
specific neurons (which respond to input from discrete
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topographical areas) and wide dynamic range neurons
(which respond to a wide range of stimuli). It is believed
that the latter type is more important in nociception and
responsible for central sensitization of receptive fields
with long-term activation of afferent pathways, which has
been referred to as wind wp. This mechanism is believed
to be due to repeated CAiber stimulation, which leads to
continued release of neurotransmitters that facilitate
nociception (e.g., substance P, glutamic acid, N-methyl-
D-aspartate [NMDA], neurotensin, cholecystokinin).
Once activated, transmission of afferent signals to higher
brain centers, including the thalamic, medullary, pon-
tine, and cortical regions, occurs via the spinothalamic,
spinocervical, spinomesencephalic, and spinoreticular
tracts.

Pain perception is a complex process that may be
modified clinically at several sites, including reduction of
afferent input (local techniques), signal integration and
transmission (regional techniques), or integration and
recognition at higher centers (parenterally administered
agents). Analgesic administration before the onset of pain
(preemptive analgesia) provides better control of pain in
the postoperative period. Combining agents that act at
different sites (multimodal therapy) may provide supe-
rior pain management for both acute and refractory
pain with fewer side effects. With these considerations in
mind, the following agents and techniques provide sev-
eral options for pain management.
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Therapeutic Options

Agents for pain management may be administered on a
scheduled basis or dictated by dynamic patient assess-
ment. Available drugs for analgesia include the opioids
and alpha, agonists, applied epidurally or parenterally;
local anesthetic agents; ketamine; and nonsteroidal anti-
inflammatory agents (NSAIDs).

Opioids

Opioid agonists and agonist-antagonists are effective in
the management of acute moderate to severe pain and
also provide variable degrees of sedation. Opioids are
classified according to the specific opioid receptor that
they modulate, vary in their analgesic and sedative prop-
erties, and are scheduled according to their potential for
addiction (Appendix 2). Pure agonists, including mor-
phine, oxymorphone, hydromorphone, meperidine,
and fentanyl, provide analgesia with variable durations of
action (Table 8-2). Side effects include dose-dependent
respiratory depression and a vagomimetic effect, which
promotes bradycardia. Myocardial contractility is well-
maintained with opioids.

Morphine and meperidine may cause histamine
release, resulting in hypotension, when administered
intravenously (IV); therefore, the subcutaneous or intra-
muscular routes are preferred. The short duration of
action and low potency of meperidine makes it less
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useful than other opioids. Fentanyl is a potent agonist
with a short duration of effect. It is available for trans-
dermal application in four sizes and for IV use as
repeated bolus or constant rate infusion (see Table 8-2).
The latter use requires constant patient observation but
is very effective in acute, severe pain management. Opi-
oid agonists can cause dysphoria in cats, but concurrent
use of a tranquilizer (a benzodiazepine or acepro-
mazine) minimizes this side effect; tranquilizers are also
beneficial in dogs when pain relief afforded by an opioid
results in increased activity or (rarely) dysphoria. The
opioid agonist-antagonist butorphanol provides moder-
ate analgesia and minimal sedation in both dogs and cats
and rarely causes excitement in cats. Buprenorphine is a
partial opioid agonist, useful for dogs and cats, that pro-
vides moderate analgesia and has a duration of action of
6-12 hr. An advantage of the opioids is reversibility with
opioid antagonists, including naloxone and nalmefene,
should an adverse response occur. Butorphanol may be
used to reverse excessive respiratory depression induced
by an opioid agonist while preserving some analgesia.
Opioids, including morphine, oxymorphone, fen-
tanyl, butorphanol, and buprenorphine, have been used
epidurally to provide analgesia of variable duration (see
Table 8-2) while minimizing sedation and the adverse
effects that may accompany systemic opioid administra-
tion. The technique for epidural injection of opioids is
identical to that for local anesthetic agents (described in
Chapter 3) and the two are often combined for a more
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profound and prolonged effect. The advantage of
epidural opioids over local anesthetic agents is that
motor and sympathetic nerve functions are preserved
and duration is longer when morphine, buprenorphine,
and oxymorphone are used. Normal rear limb activity is
maintained and hypotension secondary to vasodilation,
seen with local anesthetics, does not occur. An epidural
technique is contraindicated in the presence of bleeding
abnormalities, sepsis, or infected skin at the site of injec-
tion; epidural administration of local anesthetics is con-
traindicated for hypovolemic patients.

Alpha, Agonists

Alpha2 agonists, including xylazine, detomidine
(horses), and medetomidine, provide good short-term
analgesia and sedation. The side effects of alpha, ago-
nists are listed in Chapter 2, and these effects are exac-
erbated by concurrently used anesthetic agents. Due to
the cardiovascular effects and the relatively short dura-
tion of analgesia, use of these agents for analgesia should
be reserved for healthy animals recovering from elective
procedures or suffering from relatively minor trauma.
Concurrent administration with opioids will enhance the
analgesic effect and allow for use of minimal effective
dosages. Alpha, agonists are reversible with alpha, antag-
onists, including yohimbine, atipamezole, and tolazoline
(see Table 8-2). Both xylazine and medetomidine (and
detomidine in horses and swine; see Tables 3—4 and 3-5)
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have been used epidurally. While of lesser concern in
horses and swine, the potential for systemic side effects
and the relatively short duration of action make them
less useful than the opioids in small animals, with one
advantage being easy accessibility (not scheduled).

Ketamine

Subanesthetic doses of ketamine have been used in
humans for relief of acute and chronic pain. Ketamine
provides somatic analgesia in animals and is not recom-
mended as the sole agent for visceral pain management.
Undesirable side effects, including dysphoria, seizures,
and muscle rigidity, may be minimized by using ketamine
in combination with a tranquilizer. Specific contraindica-
tions are listed in Chapter 2. Dosages have not been
definitively established for pain management in animals,
but suggested guidelines are included in Table 8-2.

Nonsteroidal Anti-Inflammatory Agents

NSAIDs are used for the treatment of mild to moderate
pain. The side effects are due to inhibition of physiologic
(protective) prostaglandins and include gastrointestinal
ulceration and renal tubular necrosis. With development
of more selective NSAIDs, which are more potent
inhibitors of inflammation and less organ toxic, these
agents, in combination with an opioid, have been
applied for preemptive and perioperative management
of acute surgical pain.
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Carprofen is a more specific inhibitor of cyclooxyge-
nase-2. It is approved for oral use in dogs in the United
States, but cat dosages have been reported (see Table
8-2). While side effects are less likely than from other
NSAIDs, gastrointestinal disturbances have been
reported and acute hepatopathy has been described.

Etodolac is another specific cyclooxygenase-2
inhibitor with fewer side effects. It is approved for use in
dogs in the United States for management of osteoarthri-
tis pain.

Ketoprofen is a relatively new NSAID with potent anti-
inflammatory activity but greater potential for side
effects than carprofen. It is approved for use in cats and
dogs in Europe. Ketoprofen causes gastrointestinal and
renal effects at therapeutic doses and should be avoided
in high-risk patients and in the preoperative period.

Meloxicam is approved for use in dogs in Europe. It is
marketed for treatment of chronic skeletal pain but has
been shown to be effective in the management of
moderate postoperative pain. Dosages are available for
cats; however, data regarding its safety currently are
unavailable.

Aspirin is a potent analgesic and anti-inflammatory
agent that may be used in both dogs and cats. Gastric
ulceration can occur at therapeutic doses with a lesser
risk when buffered preparations are used. Dosing fre-
quency is less in the cat due to prolonged plasma elimi-
nation.
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Use of other NSAIDs, including phenylbutazone,
naproxen, piroxicam, and flunixin meglumine, in dogs
and cats has been reported and dosages are listed in
Table 8-2. Flunixin is a potent visceral analgesic that also
may modulate the pathophysiologic response to endo-
toxin. While dosages are available, data supporting the
use of these agents are lacking and there is a greater
incidence of adverse side effects; therefore, these drugs
should not be used unless safer agents are unavailable
and the need outweighs the potential for adverse effects.

Acetaminophen is an atypical NSAID with excellent
analgesic effects but limited anti-inflammatory activity.
Its use in cats is contraindicated due to methemoglobin
formation.

Local and Regional Techniques

Application of local anesthetic techniques has been
shown to decrease the intensity of postoperative pain.
Blocking nocioceptive impulse entry into the cord prob-
ably prevents development of the sustained hyperex-
citable state of the central nervous system largely
responsible for sustained postoperative pain. Several
local techniques and their applications are described in
Chapter 3. Bupivacaine is the local anesthetic of choice
for pain management due to duration of effect; sug-
gested dosages for the specific techniques are included
in Chapter 3.
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Selection of appropriate analgesic drugs and tech-
niques for pain management is influenced by many fac-
tors, including the animal’s previous behavior pattern;
the type, duration, and invasiveness of the procedure or
extent and location of the traumatic injury; mental sta-
tus; and overall patient condition. Like anesthetic man-
agement, no one agent or technique is applicable for
every situation; however, every case should be assessed
and treated according to the preceding considerations.



9

Introduction to Anesthetic
Management in Specific Species

Chapters 10-17 provide brief overviews of anesthetic
management for a variety of veterinary species, includ-
ing considerations that might be unique to that particu-
lar species, such as restraint, venous access, intubation,
positioning, monitoring, and recovery, as well as sug-
gested protocols for premedication, induction, and total
parenteral anesthesia. Anesthetic protocols should be
formulated to produce the desired result safely, effec-
tively, and economically, based on the patient’s tempera-
ment, physical status, a thorough physical examination,
appropriate laboratory and diagnostic tests, and proce-
dure duration and complexity, regardless of species.
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4. Eye lubrication should be applied to all anesthetized
animals, as general anesthesia obtunds tearing and
the ability to blink, so as to maintain a moist cornea.

5. Monitoring may be simple or complex, depending
on the length and invasiveness of the procedure.
Available techniques (Chapter 6) apply to all veteri-
nary species with some species-specific considera-
tions.

6. Asageneral rule, anticholinergic agents are not con-
sidered a routine part of the preanesthetic protocol
in any species but can be used as such in healthy
small animals, especially when drugs known to
decrease heart rate (e.g., opioids) are part of the
protocol. Anticholinergics may precipitate colic in
horses, and horses are rarely susceptible to brady-
cardia during the anesthetic period; therefore,
routine perioperative use is contraindicated. Anti-
cholinergic administration will not eliminate rumi-
nant salivation and, in fact, may increase the viscosity
of secretions, making them harder to clear; there-
fore, routine use is not recommended.



10

Anesthetic Management of Dogs

A variety of protocols are available to provide chemical
restraint/premedication, induction of anesthesia, and
total parenteral anesthesia in dogs (Table 10-1). A neu-
roleptanalgesic (tranquilizer plus opioid) combination
will minimize anxiety and struggling for catheterization,
minimize requirements for induction and maintenance
agents, and provide preemptive analgesia. Popular and
economical combinations are acepromazine with mor-
phine (moderate to severe pain), hydromorphone (mod-
erate to severe pain), or butorphanol (mild to moderate
pain).

Diazepam can be substituted for acepromazine
when the latter is contraindicated (see Chapter 2). Mida-
zolam provides a convenient (but expensive) alternative

177
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to diazepam when SC or IM administration is needed,
since diazepam causes tissue irritation and has unreliable
absorption when given by these routes. Thiopental and
diazepam-ketamine are economical and effective induc-
tion agents, but repeated bolus administration can con-
tribute to a rough, prolonged recovery and both
thiopental and ketamine have specific contraindications
(Chapter 2). Thiopental causes prolonged recovery in
sighthounds due to an inherent inability to metabolize
the drug efficiently; alternatives include diazepam-keta-
mine and propofol.

Propofol has become a popular drug in veterinary
medicine due to its rapid effect, short duration, and lack
of cumulative effect, which allows it to be used as
repeated boluses or constant rate infusion without sig-
nificantly increasing recovery time. Even though more
expensive than thiopental, propofol’s rapid recovery and
lack of arrhythmogenic effect make it an excellent alter-
native agent.

Applying local and regional anesthetic techniques
appropriate to the procedure (most conveniently follow-
ing anesthetic induction) provides preemptive and post-
operative analgesia and further decreases anesthetic
maintenance requirements.

Dogs are prone to regurgitation and aspiration.
Anesthetized patients should be intubated to assure a
patent and protected airway, especially if fasting status is
unknown or time will not permit an adequate fast (emer-
gencies). Dogs are relatively easy to intubate by direct
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visualization of the larynx, which is aided by adequate
anesthetic depth and use of a laryngoscope. Intubation
provides a route for oxygen delivery with or without
inhalant administration and an effective means for pro-
viding ventilatory support. Appropriate tube sizes for
dogs cover a wide range from 3.0 to 14.0 mm internal
diameter.

An intravenous catheter should be placed in a periph-
eral vein for procedures anticipated to take longer than
30 min and when administration of additional anesthetic
agent is likely. The most common sites are the cephalic
and lateral saphenous veins. A secure access provides a
route for intraoperative fluid and supportive drug
administration and for emergency drug administration,
should cardiopulmonary arrest occur.

Recovery should occur in a warm quiet area with
external heat provided in most cases. Extubation is per-
formed with the cuff deflated when swallowing is noted.
When there is evidence of regurgitation or when blood
has collected in the pharyngeal region, the oral cavity
should be swabbed and the tube removed with the cuff
still inflated once swallowing is observed to remove any
debris that has settled around the tube within the tra-
chea. Patients with underlying airway compromise
(brachycephalic breeds, history of a collapsing trachea)
should remain intubated as long as possible and closely
observed until recovery is complete. Animals should be
observed until vital signs have returned to normal
(Chapter 1).
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Anesthetic Management of Cats

Total parenteral anesthetic protocols seem to be more
popular and widely used in cats than dogs for a variety of
reasons, including greater resistance to handling and
restraint, more difficult venous access, more difficult
intubation, and greater effectiveness with less occur-
rence of side effects associated with dissociative agents.
Several protocols are available for short-term injectable
anesthesia (Table 11-1). However, for complicated, pro-
longed procedures and high-risk cats, inhalation mainte-
nance following premedication and induction is more
controllable and safer (see Table 11-1).

For tractable patients, neuroleptanalgesic combina-
tions like those used for dogs are effective. Pure opioid
agonists have been reported to cause excitement in cats,
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but risk of this side effect is minimized with concurrent
use of a tranquilizer or when an agonist-antagonist
(butorphanol) is used. Adding a low dose of ketamine to
the neuroleptanalgesic combination (see Table 11-1)
will provide immobilization for less tractable patients to
facilitate catheterization and will further decrease induc-
tion requirements. While mask induction following pre-
medication is effective in cats, induction quality is
improved and intubation facilitated by using a rapid
induction method such as thiopental, diazepam-keta-
mine, telazol, or propofol. The feline respiratory center
is more susceptible to the depression associated with
thiopental and propofol and transient apnea is common.
Some cats will produce excessive respiratory secretions
when the dissociative agents are used, which may be
counteracted by anticholinergic agent administration.
As a rule, cats tend to resent and resist restraint
more than dogs. Various devices, such as cat bags and
feline muzzles, often are necessary to ensure the safety of
personnel and the animal. Always close the doors to
avoid escape when working with cats. Most cats can be
restrained adequately with scruffing and stretching
(holding the skin behind the neck with one hand and
the rear limbs with the other and applying gentle ten-
sion) for injection of premedication. For resistant ani-
mals, adding ketamine or telazol in low dosage to the
premedication protocol improves the quality of the
catheterization/induction sequence. Many of the local
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and regional techniques, such as epidural and local
nerve blocks, are effective and feasible in cats to provide
preemptive and postoperative analgesia (Chapter 3).

When indicated (high-risk animal, repeat injections,
prolonged procedures), an IV catheter should be
inserted. Cats seem to resist the necessary restraint as
much as the actual catheter placement so premedication
usually is required. Sites include the cephalic, medial
saphenous, and femoral veins. Laying the animal in lat-
eral recumbency for placement in the medial saphenous
vein seems to be less stressful for some anxious, aggres-
sive patients.

Feline intubation is more challenging than in dogs.
While visualization usually is good, the feline larynx is
reactive and prone to laryngospasm, which makes intu-
bation more difficult and increases the risk of trauma.
Patience is essential, and the process is facilitated by
application of 0.1 ml of 2% lidocaine dropped from a
syringe to desensitize the area. Commercial human spray
preparations containing benzocaine (e.g., Cetacaine™)
should be avoided because of reports of methemoglo-
binemia associated with its use. Once visualized and
desensitized, using a guide tube (canine polyethylene
urinary catheter) will help to stiffen the ET tube and
gain access between the arytenoid cartilages and into the
trachea so that the tube may be passed, rotating slightly
if needed, to allow the bevel to pass into the trachea.
Stiffer stylets are available, but the risk of trauma is
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greater if care is not taken to maintain the stylet point
inside the ET tube. The tube is secured around the back
of the neck with tie gauze.

While a standard rebreathing circle can be used
effectively in cats, a pediatric circle or nonrebreathing
system is more appropriate for their size. The latter will
minimize resistance to breathing but is more likely to
contribute to intraoperative hypothermia. If a rebreath-
ing circuit is used, ventilatory support becomes even
more important (due to added resistance to breathing),
especially during prolonged procedures.

Cats are more challenging to monitor. The smaller
tidal volume makes movement of the rebreathing bag
more difficult to observe. Esophageal stethoscopes are
helpful for ausculting both respiration and heart sounds.
Respiratory monitors and capnometers usually are effec-
tive but add to dead space. Pulse quality is more difficult
to assess; the best site for pulse palpation is the femoral
artery, which may not always be accessible. The dorsal
pedal artery can be palpated in some cats; clipping the
area over this artery is beneficial. Pulse oximeters and
oscillometric blood pressure monitors may fail to work
consistently, due to the small vessel size. The Doppler
apparatus is effective when applied to either a forelimb
or hindlimb but takes time and experience to apply effi-
ciently. The feline lead II electrocardiogram is small and
sometimes difficult to assess.
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Recovery usually is rapid in cats following inhalation
anesthesia, unless severe hypothermia has developed.
Providing a warm environment and thermal support
facilitate recovery. Close attention to body temperature
is important, as cats seem prone to hyperthermia as body
activity increases during recovery, seemingly independ-
ent of the protocol used. As a general rule, once the
body temperature reaches 99°F, thermal support should
be removed. Cats with elevated temperature (>104°F)
benefit from the application of alcohol to the pads and a
fan to dissipate heat; animals act seemingly normal dur-
ing this period of increased temperature; thermoregula-
tion returns to normal usually within 24 hr.
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Anesthetic Management of Birds

Birds frequently require general anesthesia for a veteri-
narian to perform procedures normally accomplished
with physical restraint in most other species as well as
complicated and invasive procedures. General anesthe-
sia is challenging in birds due to less familiarity with
avian anatomy, greater resistance to restraint, lower mar-
gin of safety for injectable agents, less experience with
catheterization and intubation techniques, more diffi-
culty in monitoring, and currently, limited information
on effective analgesic agents.

Capture and restraint should be performed in a quiet
and safe environment and done quickly to minimize the
stress of chasing. Passeriformes may be restrained with
the bird cradled in the palm of the hand and the head

193
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gently restrained between the index and middle fingers.
For the larger Psittaciformes, a two-hand technique is
required (Figure 12-1). Head restraint is vital to avoid
bites to the handler and accomplished by creating a ring
around the bird’s neck with one hand and applying gen-
tle pressure against the base of the skull and lower
mandible. The other hand is placed around the legs to
gently support the body. A towel can be used to protect
the hand near the head. It is essential to not restrict tho-
racic movement or compromise the airway. Restraint
techniques for adult ratites cannot be described in the
confines of this reference book; for information, readers
are referred to the recommended reading list.

Anesthetic induction and maintenance with isoflu-
rane is the protocol of choice for pet birds and raptors.
Sevoflurane also appears to be effective and currently is
gaining popularity. Dosages for some injectable proto-
cols are available and listed in Table 12—1; however, these
agents usually fail to produce stable and safe levels of
anesthesia and should not be used unless gas anesthesia
is unavailable. Larger birds, such as ratites, will require
an injectable premedication and induction protocol (see
Table 12-1) because mask induction is prolonged and
dangerous except in debilitated patients.

Intubation is relatively easy to perform in avian
species as the glottis is readily apparent at the base of the
tongue when the beak is opened. Psittaciformes have a
fleshy tongue, which must be pulled forward carefully to
expose the glottis. Birds >350 grams can be intubated



Figure 12-1 Restraint technique for Psittaciformes, demon-
strating hand positioning. (Reprinted with permission from TG
Curro, Anesthesia of pet birds, in: Seminars in Avian and Exotic
Pet Medicine: Anesthesia and Analgesia, AM Fudge, ed.,
1998;7(1):12.)
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Table 12-1

Reported Dosages for Injectable Anesthetic

Agents in Pet Birds, Raptors, and Ratites (Injectable proto-
cols are not recommended in birds unless inhalant anes-

thesia is unavailable.)

Drug Combination Dosage (mg/kg)*
Pet birds**
Ketamine-xylazine 10-50/1.0-10
Ketamine-diazepam 10-50/0.5-2.0
Ketamine-midazolam 10-40/0.5-1.5
Ketamine-acepromazine 10-25/0.5-1.0
Telazol (tiletamine-zolazepam) 7.7-26.0
Yohimbine 1.0
Analgesic options
Butorphanol 1-4 IV, SC, IM
Flunixin 1-10 IM (not critically
evaluated)
Aspirin 5 gr/250 ml drinking water
(not critically evaluated)
Raptors?
Buteo Hawks
350 g 0.04-0.08 ml
650-1500 g 0.08-0.15 ml|
900-1700 g 0.1-0.3 ml
Accipiter Hawks
100-250 g 0.04-0.06 ml
250-500 g 0.08-0.1 ml
600-1200 g 0.05-0.07 ml

(continues)
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Drug Combination Dosage (mg/kg)*
Eagles

3-5 kg 0.1-02 ml
Falcons

90-250 g 0.03-0.06 ml

500-950 g 0.07-0.2 ml

950-1500 g 0.12-0.3 ml
Owls

60-130 g 0.03-0.05

150-350 g 0.05-0.1

700-2500 g 0.1-0.25 (not recommended

for surgery on great horned
or snowy owls)
Osprey 0.12-0.2 ml
Turkey vulture 0.15-0.2 ml
Ratites
Xylazine 0.2-2.2 IM
Detomidine 1.5 IM
Medetomidine 0.11M
Butorphanol 0.05-0.5 IV, IM
Diazepam 0.1-0.3 IV
0.22-1.0 IM
Midazolam 0.15 IM
Ketamine-xylazine 2.2 IV/0.25 IV
22-33IV/2.2 IM

Carfentanil-xylazine 0.03 IV/0.5 IM

(continues)
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Table 12-1 (Continued)

Drug Combination Dosage (mg/kg)*

Ketamine-diazepam 5.0/0.25 IV (mixed)
2.2-3.3IV/0.22-0.5 IM
(ketamine given 15-30 min
after diazepam)

Telazol 2-10 IM; 1-3 IV
Antagonists:
Naloxone 2 mg IV (total dose adminis-
tered to adult ostriches)
Yohimbine 12.5 mg IV (total dose admin-
istered to adult ostriches)
Atipamezole 5-20 mg IV (total dose admin-
istered to adult ostriches)
Naltrexone 300 mg IV (total dose adminis-

tered to adult ostriches)

*Dosages are for intramuscular administration in the pectoral muscles unless other-
wise indicated.

**Lower dosage range is for larger birds (>250 g) and sedation in smaller birds;
higher dosage range is for smaller birds (<250 g) and for a “surgical plane” of
anesthesia in larger birds.

Dosage in mls of a mixture of 1 ml ketamine (100 mg/ml) and xylazine (20
mg/ml). Low-end range represents minimal effective dose, high-end range repre-
sents surgical anesthesia. As with pet birds, injectable anesthesia is not recom-
mended for raptors. A dosage range for the xylazine-ketamine mixture (100 mg/20
mg) has been published and dosages in ml are summarized. For details on anes-
thetic management of raptors and other species, see PT Redig, Recommendations
for anesthesia in raptors with comments on trumpeter swans, in: Seminars in Avian
and Exotic Pet Medicine: Anesthesia and Analgesia, AM Fudge, ed.,
1998:7(1):22-29.
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with a cuffed tube (smallest: 3.0-5.0 mm ID). Larger rap-
tors may require slightly larger tubes, and the adult ratite
trachea accommodates tube sizes up to 18 mm ID. Birds
100-350 g require uncuffed tubes (2.0-3.0 mm ID), Cole
tubes (uncuffed tubes with a tapered end), or large
gauge IV catheters (14-18 ga). Birds smaller than 100 g
are best maintained by mask with the head gently
extended because there is an increased likelihood of
tube occlusion and significant impedance to air move-
ment associated with the small diameter catheters
required in this size bird. Endotracheal tubes with a side
opening near the bevel (Murphy tubes) help minimize
the risk of mucus occlusion. Once in place, the tube is
effectively secured with a thin piece of tape around the
tube, which then is encircled around the closed beak.
For cases with airway obstruction or to perform pro-
cedures in the oral cavity, inhalant anesthesia can be
delivered into the air sacs. Percutaneous catheters
(14-18 ga; 2-3 cm) may be placed in the caudal thoracic
or abdominal air sacs using sterile technique. A small
skin incision is required to expose the air sac membrane.
The catheter is inserted and the skin secured around the
catheter; the catheter is connected to an endotracheal
tube adaptor for delivery of the anesthetic agent. The
approximate site of entry is at the last intercostal space.
Apnea is common when this technique is used, making
monitoring of cardiovascular parameters critical.
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For prolonged procedures or debilitated patients
and when significant hemorrhage is anticipated, intra-
operative fluids should be administered. Intravenous
access is possible in birds weighing =250 grams; sites
include the jugular, cutaneous ulnar, and medial
metatarsal veins. When fluid administration is essential
and IV access unsuccessful, the intraosseous route also is
effective. Sites of entry include the distal ulna and the
proximal tibiotarsus (Figure 12-2). Spinal or hypoder-
mic needles are used, depending on the size of the bird;
the former minimizes the risk of needle occlusion by a
bone core during placement. Once placed, the needle is
capped and secured as for an IV catheter. Subcutaneous
fluid administration sites include the propatagium (wing
web), intrascapular, and inguinal regions. Dextrose-con-
taining fluids (LRS or Normosol with 2.5-5.0% dextrose,
half strength LRS, or saline with 2.5% dextrose) are rec-
ommended. Fluids administered SC should contain
<2.5% dextrose.

Sensitivity to anesthesia is variable among avian
species and individual birds can develop complications
rapidly; therefore, monitoring heart and respiratory
rates is essential. Effective aids to anesthetic monitoring
include direct or esophageal auscultation, a lead II elec-
trocardiogram (Figure 12-3), and respiratory (apnea)
monitor; the last may not function effectively in very
small patients, adds dead space to the breathing circuit,
and usually is ineffective during mask delivery. Place-
ment of ECG leads include the skin of the propatagium



®

Figure 12-2 Sites for intraosseous catheterization of birds for
intraoperative fluid administration: (A) site for placing spinal or
hypodermic needle via the distal ulna; (B) site for placing spinal or
hypodermic needle via the proximal tibiotarsus. (Reprinted with
permission from DJ Harris, Therapeutic avian techniques, in: Semi-
nars in Avian and Exotic Pet Medicine: Clinical Techniques, AM
Fudge, ed., 1997;6(2):61.)
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(LA and RA) and the skin of the stifle (LL). Alligator
clips should be padded with alcohol-soaked gauze to
avoid skin damage or, alternatively and effective, snap-on
sticky ECG pads can be applied. Heart rates should
remain between 200 and 400 beats/min depending on
the size of the bird (less for large ratites: 60-120
beats/min). During surgical anesthesia, birds should be
relaxed and unresponsive to painful stimulation; corneal
and pedal reflexes are slow and the palpebral reflex is
lost. Respiration should be slow, regular, and deep, with
rates usually ranging from 12-30 breaths/min. Temper-
ature should be monitored, especially during long pro-
cedures, to avoid development of hypothermia. External
heat sources should be provided; maintaining a body
temperature of 101-103°F is recommended.

Recovery usually occurs within 5-15 min after
inhalant delivery is discontinued and should occur in a
warm, quiet, and dimly lit environment. Birds should be
wrapped loosely in a towel and gently restrained until
extubated and able to stand. For prolonged recovery,
birds may be left in a padded enclosure with close obser-
vation, once extubated. For extubation, the oral cavity
should be checked for regurgitation or excessive secre-
tions and swabbed if needed. Extubation should be per-
formed when the bird resists its presence. Information
on analgesic agent dosages for birds is limited but should
be considered for painful invasive procedures and
administered either intraoperatively or just prior to
recovery. Dosages for butorphanol have been reported
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for pet birds and probably can be extrapolated to
raptors. Flunixin meglumate and aspirin also have been
recommended but not critically evaluated. Dosages are
listed in Table 12-1. Birds should be offered food and
water when able to perch.



13

Anesthetic Management
of Small Mammals

This chapter primarily addresses anesthetic management
of rabbits and ferrets with additional comments on man-
agement and analgesic options for other small mammals.

Ferrets

Ferrets are effectively restrained (and often resent it less)
by techniques established for use in cats; namely, “scruff-
ing” the skin of the neck and gently stretching the ani-
mal by grasping the rear limbs. Premedication is
recommended in all but extremely debilitated animals;
protocols are listed in Table 13-1. Most ferrets can be

205
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catheterized for IV induction following a neuroleptanal-
gesic combination, although healthy, uncooperative
patients will benefit from the addition of ketamine to the
preanesthetic protocol. Induction may be accomplished
by inhalant anesthetic, preferably isoflurane, delivered
by mask, or with an IV protocol such as thiopental,
diazepam-ketamine, or propofol; IV induction will pro-
vide more reliable access and increased duration of time
for intubation.

Sites for intravenous catheterization in ferrets
include the cephalic, lateral saphenous, and (last) the
jugular veins. Skin is tough, so making an “introduction
hole” through the skin over the vein with a hypodermic
needle to facilitate entry of the catheter (22 or 24 ga) is
beneficial. Placing a tourniquet above the site will help
maximally raise the vessel, which is very difficult to visu-
alize due to its small size and the usual presence of a
large amount of SC fat. Catheterization is recommended
for prolonged procedures and high-risk patients to pro-
vide access for administration of intraoperative fluids
and anticipated supportive measures.

Intubation is relatively easy in ferrets. Visualization is
similar to cats and the ferret larynx usually will accom-
modate a 2.5-3.0 mm ID tube. The larynx is less reactive
than cats, making local anesthetic desensitization unnec-
essary; visualization is facilitated by a laryngoscope. The
tube should be secured around the back of the head with
tie gauze as it is in cats.
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Effective monitoring devices include an esophageal
stethoscope, ECG, respiratory monitor, capnometer, and
pulse oximeter.

Ferrets lose body heat rapidly, and external heat
must be provided. Recovery should occur in a warm,
quiet environment; an incubator is ideal, especially when
significant hypothermia has developed, which is com-
mon during abdominal procedures. Options for postop-
erative analgesia are listed in Table 13-2.

Rabbits

Rabbits are easily stressed by handling, which can have a
negative impact on the anesthetic period. When fright-
ened, they may hold deceptively still then struggle to
escape, which can predispose them to traumatic frac-
tures of the vertebral column (due to the massive rear
limb muscles and low-density skeletal system) or exhibit
a rapid ventilatory rate (200 breaths/min), which might
be misinterpreted as a respiratory abnormality. Safe
restraint is essential to avoid injury, performed by gently
grasping the skin of the neck and supporting the body
on the forearm or a nonslip table. Loosely wrapping the
rabbit in a towel or restraint bag also helps minimize
injury. The immobility reflex (“hypnosis”) has been
described for rabbits and can facilitate minor proce-
dures, such as physical examination and blood collec-
tion. Briefly, the rabbit is placed in dorsal recumbency
and gentle traction applied to the neck while rubbing
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the abdomen. The hypnotized rabbit usually stays still for
a short period of time, unless aroused by loud noises or
rough handling.

Premedication usually is required to facilitate
smooth induction of anesthesia, and protocols are listed
in Table 13-1. Most of the agents may be administered
subcutaneously (over the skin of the back), and this is
preferred, due to occasional occurrence of lameness and
tissue necrosis associated with IM administration. Disso-
ciative agents should be administered IM, and the most
common sites include the anterior and posterior thigh.
A significant percentage of rabbits (30-50%) possess
atropinesterase, which results in rapid metabolism and
abbreviated effective duration of atropine. Because of
this, a wide range of dosages has been recommended in
the literature; however, routine use is unnecessary and
anticholinergic agent administration in rabbits is best
reserved for treatment of intraoperative bradycardia
(HR <70-80/min or an abrupt, marked decrease
[220%] in HR). Dosages for atropine and glycopyrrolate
are listed in Table 13-1.

Intravenous catheterization following premedica-
tion usually is possible in rabbits over 2 kg and recom-
mended for prolonged procedures, debilitated patients,
and to facilitate IV induction of anesthesia. Sites include
the cephalic, lateral saphenous, and marginal ear veins,
using a 22-24 ga catheter. The ear vein is particularly
fragile and more difficult to catheterize than the other
two sites.
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Mask induction, preferably with isoflurane, is an
effective method when the rabbit is adequately
restrained and sedated; and it is particularly applicable
when intubation is not planned. For prolonged proce-
dures, intubation is recommended; and a rapid-acting
induction agent, such as diazepam-ketamine, propofol,
or thiopental, will facilitate the process. Intranasal
administration of anesthetic agents for sedation or to
induce anesthesia also has been reported for rabbits and
may provide an alternative route for some agents in spe-
cific individuals (Table 13-1).

Rabbits are difficult to intubate and it takes practice
and anatomical knowledge to master the technique. The
endotracheal tube size for rabbits ranges 2.0-4.0 mm ID.
The oral cavity is small but long, with limited ability for
the animal to open its mouth. The tongue tends to
obscure the larynx. The epiglottis is long and pliable,
often remaining dorsal to the soft palate. The pharynx is
located at a right angle to the larynx, and the larynx is
susceptible to laryngospasm and trauma.

Adequate anesthetic depth is essential to facilitate
atraumatic intubation, and several methods and animal
positions (with sternal recumbency being most com-
mon) have been described. The head and neck should
be kept in full extension; a length of roll gauze placed
behind the upper incisors will help hold the mouth
open; and retraction of the tongue lateral to the lower
incisors will minimize risk of laceration during the pro-
cedure. Techniques include blind (passing the tube to
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the point of maximum intensity of breath sounds either
with the ear or with stethoscope earpieces attached to
the end of the tube, then passing the tube during inspi-
ration when the larynx is maximally abducted) and direct
visualization (with a small lighted laryngoscope or oto-
scope to guide the tube into place). Use of an introduc-
tory tube, such as a small urinary catheter, placed visually
into the larynx may facilitate the process. A drop of 1%
or 2% lidocaine on the glottis will help minimize laryn-
gospasm. Evidence of proper placement includes a
cough reflex with passage and those signs previously
noted in Chapter 9. Roll gauze tied around the tube and
around the back of the head will secure the tube in
place.

Once induction is complete, epidural administration
of local anesthetic agents, with or without an opioid, is
effective and relatively easy to perform in rabbits to pro-
vide preemptive analgesia for procedures involving the
abdomen and hind limbs. Dosages and technique are
similar to those described for dogs and cats (Chapter 3).

Monitoring tools, to enhance observation of breath-
ing rate (>15 breaths/min) and pattern and ausculta-
tion/palpation of pulse rate (auricular, femoral, or
dorsal pedal), include the ECG and, in larger rabbits,
noninvasive blood pressure monitors placed over a
peripheral artery. Pulse oximetry has limited use (due to
frequent use of a mask for maintenance and limited
exposure of the tongue for probe placement), but may
work on the ear in lightskinned rabbits. Respiratory
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devices and the esophageal stethoscope require intuba-
tion and, so, often are not applicable. Respiratory dys-
function probably is the most common anesthetic
complication in rabbits and close observation of the
breathing rate and pattern is essential. A sudden change
in these parameters should prompt assessment of ET
tube patency (if in place) or the oropharynx for exces-
sive secretions (if a mask is used), and anesthetic delivery
should be decreased or stopped. Reflexes used to assess
anesthetic depth include the pinna (“ear pinch”) and
pedal reflexes with the former considered to be most
reliable. The palpebral reflex has been reported to be
unreliable in rabbits; loss of the corneal reflex, as in
other species, indicates excessive anesthetic depth.

Monitoring should continue into the recovery
period, until the animal is extubated and vital signs are
stable, and should proceed in a warm environment (with
incubator or heat lamp support) until the animal’s tem-
perature returns to normal (Chapter 1). Analgesic agent
dosages have been reported (see Table 13-2) and should
be applied to rabbits subjected to painful procedures to
help minimize stress and suffering.

Other Small Mammals

A variety of “pocket pets” may be presented with the need
for general anesthesia. Some general statements regard-
ing management in clinical situations can be made:
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1. For small mammals, anesthetic management is best
accomplished by mask or chamber induction
(depending on tractability) with isoflurane or
sevoflurane. Designing a mask to work effectively
may require some innovative modification of stan-
dard feline or canine masks or syringe cases. Intuba-
tion may be attempted if the necessary tube sizes and
adjunct equipment are available.

2. When dealing with species for which anesthetic
dosage and technique information is limited, efforts
to minimize anesthesia time is essential.

3. Established monitoring tools often are effective; it is
always worthwhile to apply available equipment,
especially during prolonged procedures.

4. Venous access is not always possible with small mam-
mals, but when fluid therapy is indicated, alternative
routes, including SC and intraosseous, should be
considered.

5. Analgesic therapy should be considered for any ani-
mal undergoing a painful procedure; when specific
dosages are not readily available, extrapolation or
scrutiny of the literature may provide safe, effective
guidelines. Table 13-2 provides dosages of analgesic
agents in a variety of small mammal species.
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Anesthetic Management of Reptiles

A variety of reptilian species may be presented with the
need for chemical restraint and general anesthesia, and
this represents a unique challenge, including limited
sites for parenteral agent injection and IV access, a major
tendency to become apneic during anesthesia (which
often prevents use of mask induction), difficulty in car-
diac auscultation, and limited usefulness of available
monitoring tools.

Restraint techniques are relatively simple for most rep-
tiles but may become more challenging in infrequently
encountered aggressive patients. Lizards are restrained
by enclosing in the hand if small or securing on a flat sur-
face then applying gentle pressure to the neck and cau-
dal body. For snakes, a hand should secure the head and

221
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the remainder of the body supported with the other
hand or on a flat surface. Turtles require minimal
restraint but present a unique problem in that the head
usually is inaccessible for physical examination. To view
the head, applying a gentle pinch to a front limb usually
will cause it to emerge from the shell. Two preanesthetic
considerations are important for reptiles. Allow at least
24 hr of hospitalization prior to anesthesia for acclima-
tion. The optimal temperature for most species is
86-88°F. Second, an accurate weight is important to cal-
culate dosages for premedication, which is necessary for
induction in most reptile patients. Fasting in reptiles
generally is not recommended; the exception is snakes,
for which a large meal ingested just prior to anesthesia
could impede cardiovascular function; therefore, a 24-hr
(minimum) fast is recommended.

Various sites for blood collection have been
reported—Ilizards (toenail, ventral tail vein); snakes (ven-
tral tail vein, heart, palatine vein); turtles (toenail,
brachial plexus)—and may be required for the workup
of complicated cases.

Induction and intubation for maintenance with
inhalant anesthesia (preferably isoflurane) is facilitated
by IM administration of ketamine. Dosages for ketamine
and other adjunct drugs are listed in Table 14-1. None
of the agents listed provides adequate analgesia alone
and inhalant supplementation is necessary for painful
procedures. Because many species of reptiles can convert
to anaerobic metabolism and become apneic, mask
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induction is prolonged without the benefit of an
injectable agent. Like birds, reptiles have a renal portal
system and the caudal half of the body should be avoided
for IM drug administration. Sites for IM injection
include the front legs (lizards, chelonians) and the par-
avertebral muscles (lizards, snakes). A nonrebreathing
system for inhalant delivery is recommended for reptiles
weighing <5 kg.

Intubation is important in anesthetic management
of reptiles to provide ventilatory support during the
anesthetic period and maintain an adequate depth of
anesthesia. Intubation is relatively easy to perform and
can be accomplished in some awake reptiles, including
snakes and some iguanas. The glottis is located rostrally
and hence easy to view. However, the glottis is closed at
rest and patience is required to wait for an inspiration to
allow passage of the tube. The tube may be passed
through the closed glottis if extreme care is taken and may
be facilitated by passage of a soft stylet (urinary catheter)
to guide the entry of the endotracheal tube. Tube sizes
for reptiles range from 2.0-4.0 mm ID, but smaller
patients may require other options, such as IV catheters.
Short tubes should be used in turtles, due to their rela-
tively short trachea. Chelonians have complete tracheal
rings, making them susceptible to mucosal damage due
to an overinflated cuff; snakes and lizards have incom-
plete tracheal rings. When a cuffed tube is used in any
reptile, care should be taken to not overinflate the cuff.
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Intraoperative fluid administration is not routine,
unless the procedure is prolonged or the animal debili-
tated. Intravenous access is a daunting task in reptiles,
requiring a cutdown in most cases. The exception is
large snakes, in which the palatine vein can be easily visu-
alized and catheterized with a 24 ga catheter following
induction and intubation. When needed, the intra-
osseous route is feasible. Intraosseous catheter sites in
lizards include the humerus and tibia. In chelonians, the
jugular vein may be catheterized in some patients (some-
times without a cutdown); the long bones lack a distinct
medullary canal, limiting IO sites to the bridge between
the plastron (bottom of shell) and carapace (top of
shell), which may be difficult to enter without penetrat-
ing the coelomic cavity.

Ventilatory support at a rate of 6-12 breaths/min
should be provided for all reptiles, regardless of the indi-
vidual’s spontaneous rate, to help maintain an adequate
plane of anesthesia.

Monitoring anesthetized reptiles is the ultimate chal-
lenge. Apnea is common, making respiratory monitor-
ing undependable. Heart sounds are extremely difficult
to auscultate, and peripheral pulses rarely are palpable.
Useful tools include the ECG (Figure 14-1) and the
Doppler blood flow probe (apparatus), which provides
an audible signal of cardiac function. The crystal is
placed over the heart in snakes and lizards and at the
thoracic inlet in chelonians. Reptiles relax in a cranial to
caudal direction during anesthesia, and function returns
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in the opposite direction during recovery. The righting
reflex is lost first, followed by the tail- and toe-pinch
when a surgical plane of anesthesia is reached. While
considerable variation exists, loss of the vent reflex (tail
or toe movement when the vent is squeezed), the
corneal reflex, and tongue withdrawal all may indicate
excessive depth of anesthesia, which should prompt crit-
ical patient assessment.

Recovery from inhalation anesthesia often is pro-
longed in reptiles compared to mammals, commonly
taking 1 hr or more, especially following prolonged pro-
cedures. Animals should recover in a quiet environment,
ideally with the ambient temperature near the species’
optimal range. Ventilatory support should be continued
to aid in elimination of the anesthetic agent; animals that
do not resume spontaneous ventilation within 15 min of
discontinuation of anesthetic delivery may benefit from
doxapram (5 mg/kg IM). Voluntary movement and
increased muscle tone usually are the first signs to indi-
cate extubation, which should be delayed, if possible,
until the righting reflex returns. While information is
limited, analgesia should be provided for painful proce-
dures. Suggested agents and dosages are listed in Table
14-1.
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Anesthetic Management of Horses

Horses are an anesthetic challenge due to their size, wide
range of temperaments, tendency to react explosively to
fear and stress, increased risk of trauma associated with
induction and recovery (which can both be rough and
unpredictable), susceptibility to hypotension, and
increased risk for development of postoperative myopa-
thy and neuropathy following inhalant anesthesia. Most
short procedures (<60 min) in horses are performed
with total parenteral anesthesia, using the same agents
that provide induction for inhalant anesthesia; recom-
mended protocols are listed in Table 15-1.

Fasting is controversial in horses. Horses cannot
vomit, so risk of regurgitation and aspiration is negligi-
ble; however, a minimum of 6 hr is recommended. It is
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advisable but unnecessary to remove shoes prior to anes-
thetic induction; shoes with toe clips or devices that may
cause significant body injury or excessive slipping during
recovery should be removed. Covering shoes left in place
with padding and tape will help minimize these risks.
Adequate preanesthetic sedation is essential in adult
horses. Induction of anesthesia in an inadequately
sedated animal will increase the risk of injury to both
horse and handler. The most commonly used drug is
xylazine. Combining a second agent with xylazine, such as
butorphanol, acepromazine, or diazepam, will help
assure a smooth induction (see Table 15-1). Avoid
xylazine (at least high dosages) in foals less than 1 month
of age if other agents are available (see Table 15-1). The
induction agent most commonly used is ketamine, alone
or in combination with guaifenesin or diazepam.
Thiopental also is used, largely dependent on experience
with the drugs and the occasional contraindication asso-
ciated with ketamine in individual patients (e.g., head
trauma, descemetocoele). As a general rule, protocols
using ketamine produce a more reliable and smoother
recovery; however, some animals—such as excitable, hot-
blooded breeds, donkeys, mules, and ponies—may fail to
respond to ketamine induction and shortterm mainte-
nance, making it necessary to use other or additional
agents for induction and maintenance. Donkeys and
mules appear sensitive to the effects of guaifenesin;
incorporating guaifenesin into the induction protocol is
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effective, but care must be taken to avoid high-end
dosages, which could precipitate apnea.

Because their response to anesthetics can be unpre-
dictable, placing a catheter in the jugular vein, either
before or after premedication, will provide easy access to
administer additional drugs when needed to smooth
induction, prolong the anesthetic period in field situa-
tions, and quickly obtund voluntary movement during
inhalation anesthesia.

Intubation is performed blindly in the horse, with
the head, neck, and back extended in a straight line.
Inserting a speculum, such as a short piece of PVC pipe
with the edges smoothed, will facilitate passage of the
tube between the cheek teeth into the larynx. Once the
tube reaches the larynx, it is retracted slightly, rotated
90°, and advanced again until it can pass by the arytenoid
cartilages and “fall into” the trachea. This may need to be
repeated, rotating in the same direction, one or several
times before the tube bevel can pass into the trachea.

Endotracheal tubes also can be passed nasally; this
practice is common in foals to facilitate an inhalant
induction and may be indicated in adult horses for pro-
cedures of the oral cavity. Desensitizing the floor of the
nasal opening with lidocaine jelly will facilitate tube
introduction into the ventral nasal meatus. The disad-
vantage of nasotracheal intubation is that a smaller tube
must be used, which will increase resistance to breathing.
Orotracheal tube sizes range from 10 mm ID (newborn
foals) to 30 mm ID for draft breeds. For nasotracheal
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intubation, 8-12 mm ID is used in foals and 16-20 mm
ID can be passed in adult horses. Intubation is unneces-
sary during parenteral anesthesia. However, horses are
obligate nasal breathers, and some individuals may
develop stridorous inspiration during general anesthe-
sia, which may require placement of an ET tube (nasal is
convenient) to maintain airway patency. Appropriately
sized tubes always should be available for quick intuba-
tion should a respiratory emergency develop.

Halothane, isoflurane, and, most recently, sevoflu-
rane are used in horses. Halothane historically has been
the agent of choice for elective procedures, due to its
effectiveness and lower cost, despite a greater negative
effect on cardiac performance and greater likelihood of
hypotension. Isoflurane is a better choice for high-risk
patients (e.g., those with colic or needing a cesarean sec-
tion) and foals. Reports have suggested a rougher recov-
ery associated with isoflurane anesthesia when used in
relatively healthy horses. This potential undesirable
effect can be minimized by administration of a sedative
or tranquilizer (e.g., alpha2 agonist, butorphanol, ace-
promazine) at the low-end dosage range, IV or IM, in the
postoperative period. Intramuscular administration will
provide a longer duration with less negative cardiovascu-
lar effects but should be given 15-30 min prior to the
recovery period. Sevoflurane has been reported to pro-
duce smooth recoveries, even in healthy patients, due to
its lower solubility (compared to isoflurane and
halothane) and rapid clearance.
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Supportive care considerations include adequate
padding and proper positioning to minimize risk of myo-
pathy and neuropathy, crystalloid fluid administration to
counteract the hypotensive effects of inhalant anesthet-
ics, provision of mechanical ventilation during inhalant
anesthesia (especially for respiratory-compromised
patients and during prolonged procedures), and admin-
istration of inotropic agents when indicated. Minimizing
downtime is a critical factor in decreasing the risk of
myopathy in all horses and especially important in large
breeds, such as draft horses. The most commonly used
inotrope in horses is dobutamine, administered “to
effect” at an approximate infusion rate of 2-5
pg/kg/min. An easy method is to add 50 mg of dobuta-
mine to a 500 ml bag of 0.9% saline or 5% dextrose and
administer at a rate of 1-2 drop/sec (10 drop/ml drip
set for adults; 60 drop/ml set for foals) until the desired
blood pressure is achieved. Dobutamine may be used
intermittently as needed or the administration rate can
be adjusted to maintain a stable and adequate mean arte-
rial pressure. Greater accuracy is provided by use of a
syringe pump when available.

During parenteral anesthesia, the eyes should be
covered to minimize external stimulation, the halter
removed to minimize risk of damage to nerves lying
superficially in the head, and oxygen supplemented
(10-15 L/min) for procedures anticipated to exceed 60
min. Demand valves, which function at 50-80 psi to
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deliver 200-280 L/min of oxygen, provide supplemental
and emergency ventilatory support for large animal
patients during injectable anesthesia and recovery from
inhalation anesthesia when an anesthesia machine is not
readily accessible. The demand valve, connected to the
endotracheal tube, is triggered by negative pressure cre-
ated by the animal’s spontaneous breath or manually by
the operator. It adds resistance to breathing and should
not be left on the ET tube for prolonged periods of time.
It can be used connected to a stomach tube with the tip
placed in the nasopharynx, but this is less efficient.

Vigilant monitoring is important in horses, as volun-
tary movement, sometimes without obvious warning, is
common. Horses may exhibit transient apnea in the
immediate postinduction period, which will delay anes-
thetic uptake if ventilatory support is not provided. Res-
piration is easy to observe in horses by direct
visualization of the thorax and rebreathing bag. Normal
rates should be 6-12 breaths/min, higher for foals
(12-20 breaths/min). Horses are prone to hypoventila-
tion and hypoxemia during anesthesia. Although of min-
imal consequence during short field procedures, these
changes can become significant and affect cardiac per-
formance during prolonged procedures. Arterial blood
gas analysis, when available, will help guide ventilatory
support and optimize homeostasis during the intraoper-
ative period and is advised for procedures in excess of 60
min and for high-risk patients.
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The heart rate (HR) tends to remain stable in adult
horses (25-50 beats/min; performance animals may
have even lower rates), even when anesthesia is inade-
quate, so it is not an effective indicator of anesthetic
depth. Foals are the exception: a marked increase in HR
is likely to occur during inadequate anesthesia. Invasive
arterial blood pressure monitoring is a reliable and nec-
essary monitoring tool during equine inhalation anes-
thesia to assure adequate perfusion pressure (minimal
mean arterial pressure >60-70 mmHg, which will help
minimize the risk of myopathy), provide information on
cardiac performance, and signal inadequate anesthetic
depth, with a sudden and rapid increase in pressure
often (but not always) preceding voluntary movement.
Both of the noninvasive arterial blood pressure monitor-
ing techniques (Chapter 6) are applicable for short anes-
thetic duration (<1 hr) and seem to be especially
effective in foals, although less reliable and accurate.

Eye signs used to assess inhalant anesthetic depth in
horses include the palpebral reflex, which should
remain slow but present; rapid nystagmus, which often
signals impending movement (slow nystagmus may per-
sist in some individuals without accompanying voluntary
movement); and tearing, which may signal a light plane
of anesthesia. These signs should be assessed in conjunc-
tion with cardiopulmonary parameters whenever critical
assessment of anesthetic depth is made.

Recovery following inhalant anesthesia should occur
in a dark and padded enclosure. Recovery may be assisted
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with a tail rope and halter if there is adequate room in the
recovery area for personnel to escape injury and a
method to secure the ropes. Assisted recovery is especially
indicated for patients at risk of injury during recovery,
such as orthopedic patients. Recovery is facilitated by
placing animals on a large pad, to maintain padding, and
to discourage attempts to stand until the animal is able.
Postanesthetic sedation helps to delay attempts to stand
until the animal can do so unattended or with minimal
assistance. Two approaches to extubation are used,
depending on personal preference and available facili-
ties. The tube can be removed before swallowing is
observed and replaced with a smaller nasotracheal tube,
which should be taped securely to the muzzle to assure a
patent airway throughout the recovery process. Or, the
animal can be attended until swallowing is observed and
then the tube removed, assuming a patent airway can be
maintained at that time. Regardless of the preferred
approach, oxygen supplementation (15 L/min) should
be provided throughout recovery because a tendency to
hypoxemia will persist until the horse returns to standing.

For field procedures, a safe and grassy area is pre-
ferred for recovery. The eyes should remain covered and
the animal attended until it can be assisted to stand when
a coordinated attempt is made.
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Anesthetic Management
of Ruminants and Camelids

Ruminants are amenable to standing chemical restraint
and local techniques (Chapter 3) for a variety of proce-
dures due to temperament (there are exceptions) and
established effective restraint techniques. Table 16-1 lists
dosages for agents to provide chemical restraint, induc-
tion, and parenteral maintenance of anesthesia. Anti-
cholinergic administration is controversial and routine
administration is not recommended. Bradycardia rarely
is a complication of general anesthesia and administra-
tion of atropine will not significantly decrease salivation
but will increase its viscosity and may contribute to devel-
opment of bloat.
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Fasting is essential in ruminants and camelids (see
Table 1-4) to decrease rumen/forestomach contents
and thus decrease risk of regurgitation and aspiration,
bloat, and respiratory compromise during induction and
maintenance of general anesthesia. Neonates (less than
1 month of age) need only a 2—4 hr fast.

The need for premedication to facilitate catheter
placement and anesthetic induction depends largely on
patient cooperation and availability of restraint facilities
(adult cattle). Agitated adult cattle will benefit from pre-
medication regardless of secure restraint facilities to pro-
vide maximal safety to the animal and personnel and
minimize movement during catheterization. In field sit-
uations, it may be necessary to cast the animal with ropes
to facilitate handling following sedation. Small rumi-
nants and calves can be adequately restrained by placing
them in lateral recumbency, controlling the dependent
limbs, and applying gentle pressure to the head and
neck. Camelids have a unique personality and are prone
to spitting, striking, biting, and butting. Placing a towel
loosely over the face (hooding) will aid handling and
help avoid being spit on. Adult camelids, like cattle, may
be restrained in a chute or head gate. Premedication is
indicated in all but the most tractable or debilitated
camelid patients.

Vascular access in adult cattle and camelids is the jugu-
lar vein. Both species require cutdown via a stab incision
through the skin to allow entry of the stylet and smooth
passage of the catheter shaft. The jugular furrow is
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apparent and the vein usually easy to observe when
occluded distally in cattle. However, in camelids, there is
no discernible jugular groove and the vein does not
become readily apparent, even when distally occluded,
although a fluid wave may be observed with percussion.
The optimal site for catheter entry into the internal jugu-
lar vein in camelids is the right side (to avoid the esoph-
agus) at the junction of the cranial and middle third of
the neck. There is greater risk of accidental penetration
of the carotid artery compared to cattle. The jugular vein
is used for small ruminants, calves, and young camelids
and cutdown usually is unnecessary; additionally, the
cephalic vein, similar in location to dogs, can be utilized.

Induction of anesthesia should be performed with
rapid-acting agents (see Table 16-1) in adult ruminants
and camelids to facilitate quick-sequence intubation and
minimize risk of regurgitation and aspiration. Mask
induction and maintenance with inhalant anesthesia is
acceptable for ruminant and camelid neonates for short
procedures (<1 hr). In adult cattle, intubation is per-
formed by digitally palpating the arytenoid cartilages
and guiding the ET tube through the larynx. When
there is inadequate room for the hand and ET tube, pass-
ing a smaller long tube (a medium-sized equine naso-
gastric tube) digitally into the trachea, to guide passage
of the ET tube, may be necessary. Rotation of the tube to
manipulate the bevel will facilitate passage into the tra-
chea. The cuff then should be inflated quickly to protect
the airway.
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Orotracheal intubation of small ruminants,
camelids, and calves requires visualization of the larynx.
A flat, long blade (180-350 mm) laryngoscope facilitates
the procedure. Positioning of the endotracheal tube may
obstruct the view of the ET tube passing through the lar-
ynx; passing a small, long, stiff piece of polyethylene tub-
ing visually into the trachea to guide the ET tube may be
beneficial in these cases. Use gauze loops to hold the
mouth open and extend the head and neck to maximize
visualization.

Blind orotracheal intubation is possible in llamas,
small ruminants, and calves but more difficult than the
procedure in horses. Nasotracheal intubation has been
described for llamas and calves, and it also is more diffi-
cult than the procedure in horses. Llamas have a large
pharyngeal diverticulum, which may complicate nasotra-
cheal intubation. Head and neck extension is essential
for both techniques. Delivering 1.0-2.0 ml of lidocaine
through the tube with the tip positioned just over the
larynx may help obtund swallowing and facilitate suc-
cessful intubation.

Endotracheal tube sizes for adult cattle range from
20-30 mm ID and for adult camelids, 12-14 mm ID
(10-12 mm ID for nasotracheal intubation). Calves and
crias usually require size 8-12 mm ID and size 7-9 mm
ID, respectively. Small ruminants accommodate size
8.0-12 mm ID tube, while juveniles require size 5.0-7.0
mm ID tube.
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Adult ruminants and camelids should be positioned
with support under the neck so that the head will tilt
downward to prevent accumulation of saliva in the
oropharynx and encourage drainage out of the oral cav-
ity. Adequate padding of the down surface, positioning
of the down forelimb forward and supporting the up
limbs parallel to the table are necessary in adult cattle
and camelids during prolonged procedures to minimize
risk of myopathy and neuropathy. When adequate
padding is not feasible, placing an inner tube tire around
the down limb will help minimize risk of neuropathy.
Small ruminants and neonates should be provided an
external heat source for prolonged invasive procedures.
Intraoperative fluids are indicated for prolonged proce-
dures in all ruminants to replace intraoperative fluid
losses and provide a route for administration of adjunct
drugs.

Recovery in ruminants usually is uneventful; animals
generally recover quietly and smoothly. Endotracheal
tubes should be removed when swallowing is observed,
with residual cuff inflation to remove any saliva or regur-
gitation that may have collected rostral to the cuff. Adult
ruminants should be positioned upright in sternal
recumbency as soon as possible, to facilitate eructation
of collected rumen gases. Analgesic dosages are available
for ruminants and should be administered when indi-
cated (see Table 16-1).
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Anesthetic Management of Swine

Swine anesthesia presents a plethora of challenges,
including resistance to physical restraint, which often
precludes adequate physical examination and collection
of blood for preoperative assessment; lack of easily acces-
sible superficial veins, which makes IV anesthetic induc-
tion challenging; difficult intubation; a tendency toward
intraoperative hyperthermia, including an inability to
dissipate heat due to low body surface to mass ratio and
the risk of malignant hyperthermia; and lack of readily
palpable peripheral pulses, which increases the chal-
lenge of effective intraoperative monitoring.

Pigs usually resist restraint. Neonates and compan-
ion breeds (i.e., Vietnamese potbelly) usually can be
restrained by holding the animal against the body and
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wrapping with a towel. Safe restraint is critical in com-
panion breeds to avoid damage to their relatively fragile
skeleton. Restraint techniques used in food animal
breeds, such as nose snares and lifting by the rear limbs,
is not recommended. An effective device for restraining
pigs of all sizes is a webbed stanchion with wheels to allow
transport (Figure 17-1). Using a board or moveable gate
to squeeze pigs into a small confinement usually facili-
tates IM premedication injection in larger swine.

Pigs vomit and an adequate fast (see Table 1-4) is
important to minimize risk of regurgitation, especially
when intubation is not planned. It is best to delay anes-
thesia, when possible, if fasting status is unknown or
inadequate.

Intramuscular induction is the most common
method of anesthesia in swine. The minimal needle
length for injection is 11/2 in. to reach the muscle, since
swine have a large quantity of superficial fat stores. Sites
include the neck muscles just behind the ear and the
muscles of the hind limb; the latter site should be
avoided in pigs destined for human consumption. Intra-
venous induction by use of the auricular vein is possible
following adequate premedication and restraint (Table
17-1). Pigs that can be safely restrained are amenable to
mask induction with inhalation anesthetic agents. Pigs
usually accept the mask and transition smoothly with
minimal movement (3-5 min). The process is facilitated
by premedication (see Table 17-1).



Figure 17-1 A web-topped mobile table for restraint and
transport of swine for physical examination and induction of anes-
thesia. (Reprinted with permission from JC Thurmon and GJ Ben-
son, Special anesthesia considerations of swine, in: Principles and
Practice of Veterinary Anesthesia, CE Short, ed., Baltimore:
Williams and Wilkins, 1987, page 311.)
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Pigs can be effectively maintained with inhalation
agents delivered with a tightfitting mask. However, for
long and complicated procedures and in high-risk
patients, endotracheal intubation is advised. Both sternal
and dorsal recumbency have been recommended for
swine intubation, with sternal being better when the
experience of the anesthetist is limited. Intubation is dif-
ficult in swine for several anatomical reasons: The larynx
is a long way from the tip of snout, the mouth does not
open widely, there is a large middle ventricle (middle
laryngeal ventricle) on the floor of the larynx and lateral
openings near vocal folds (lateral laryngeal ventricles)
that tend to trap the tip of the ET tube, and the larynx is
susceptible to laryngospasm. To assist the process:

1. Use gauze strips (versus fingers) behind upper and
lower canine teeth to hold the mouth open to opti-
mize visualization.

2. Extend the head moderately.
3. Use a flat long-blade (180-350 mm) laryngoscope to
visualize the larynx and pull the epiglottis forward.

4. Apply 2% lidocaine (0.2-0.5 ml) to the laryngeal
opening to minimize risk of laryngospasm.

When the pig is positioned sternally, the tip of the tube
should point ventral until it meets resistance as it con-
tacts the floor of the larynx. The tube should be rotated
180° and advanced, with minimal pressure, just into the
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trachea, at which time the tube should be returned to
the initial position and inserted to the appropriate level.
Once proper placement is verified, the tube is secured
with gauze, around the tube and then the snout, and the
cuff inflated to form an effective seal. Tube sizes range
from 3—4 mm ID in neonates up to 16—18 mm ID in large
sows and boars, which is smaller (given comparable body
weight) than for other species. Tube sizes for adult com-
panion pigs usually are in the range of 5.0-7.0 mm ID.

For prolonged anesthetic procedures, an IV catheter
should be inserted to provide fluid therapy and a route
for administration of additional anesthetic agents when
a parenteral protocol is being used. Sites include the
auricular, cephalic (located on the dorsomedial aspect of
the forelimb), femoral, and medial and lateral saphe-
nous veins. Except for the auricular and femoral veins,
these veins are difficult to visualize and successfully
catheterize but provide alternatives when the auricular
veins are too small to visualize (many potbelly pigs have
small ears) or have hematomas due to unsuccessful
catheterization attempts.

Effective monitoring devices include esophageal
stethoscopes and capnometers (if intubated), ECG, and
pulse oximeter on the tongue (if accessible), or ear (in
nonpigmented individuals). Breathing rate should range
from 8-20/min but may be higher in neonates. Heart
rate should stay above 40-50 beats/min and usually is
maintained at 70-100 when dissociative agents have
been administered. Rates of 100-140 beats/min are



Anesthetic Management of Swine 265

common in neonates. Pulse quality can be assessed by
palpation of femoral, brachial, metatarsal, coccygeal,
and auricular arteries.

Temperature should be closely monitored in swine
because of greater tendency to develop hyperthermia
and increased susceptibility to malignant hyperthermia
(MH). White breeds historically have been linked to the
disease—specifically, Pietrain, Landrace, Hampshire,
and (less commonly) Duroc. While hyperthemia follow-
ing isoflurane anesthesia has been reported in a potbelly
pig, the existence of genetically linked MH has not been
demonstrated in this breed.

Malignant hyperthermia is an inherited predisposi-
tion to uncontrolled generalized muscle rigidity trig-
gered by stress, all inhalant anesthetics (halothane has
been the most commonly incriminated), and succinyl-
choline. The genetic defect is at the level of the sar-
coplasmic reticulum and associated with excessive
calcium release. Clinical signs include muscle rigidity,
tachycardia, hyperthermia, tachypnea, metabolic acido-
sis, hypoxia, and blotchy skin. The disease can rapidly
progress to dyspnea, apnea, arrhythmias, and death if
not treated immediately. Treatment includes discontinua-
tion of inhalant delivery, efforts to cool the animal (alcohol
bath, chilled IV fluids), continued delivery of 100% oxy-
gen to meet increased metabolic demands, bicarbonate
administration (1 mEq/kg) preferably guided by blood
pH analysis, corticosteroids, and dantrolene (2-5 mg/kg
IV). Dantrolene is a peripheral muscle relaxant that



266 Anesthetic Management of Swine

suppresses calcium ion release from the sarcoplasmic
reticulum but has minimal effect on respiratory muscle
function. Oral dantrolene is less expensive than the IV
preparation. Administration (5 mg/kg PO) 8-10 hr
before anesthetic induction in high-risk breeds may be
beneficial, especially when inhalant anesthetics must be
used and a prolonged anesthetic period is anticipated.

Recovery in swine generally is uneventful and
should take place at a neutral ambient temperature in a
quiet, safe area. Small patients may require an external
heat source, the need for which should be based on body
temperature recorded at the end of anesthesia (see
Table 6-3). Animals should be monitored until extu-
bated and able to maintain sternal recumbency unas-
sisted with normal vital signs.



18

Overview of
Cardiopulmonary Resuscitation

Prevention of cardiopulmonary arrest through appro-
priate patient preparation (minimizing risk factors) and
optimal anesthetic management and monitoring is far
better than cardiopulmonary resuscitation (CPR).
Guidelines for CPR are summarized here. Resuscitation
usually is successful in relatively healthy small animals
(and large animal neonates) when arrest is recognized
early; resuscitation in horses and adult cattle often is inef-
fective, making prevention through early recognition of
and intervention for potential problems critical in these
species.

Quickly recognizing signs of impending cardiopul-
monary arrest is optimized by monitoring vital signs at

267
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5-min intervals. Indications include cyanosis (which can-
not occur in anemic patients if [Hgb] <6 g/dl); pro-
longed capillary refill time (CRT) (>2-3 sec); irregular,
absent, or sudden change in pulse or heart sounds; car-
diac arrhythmias; abnormal respiratory pattern or
apnea; and loss of corneal reflex. When problems are
noted, the first step is to stop delivery of anesthesia, flush
the breathing system with 100% oxygen; and support
ventilation to ensure adequate oxygen delivery. The ET
tube should be checked for patency and the animal
intubated if a tube is not already in place. When
reversible agents have been used, administration of their
antagonist is usually indicated.

CPR guidelines include basic (A, B, C) and
advanced (D, E) steps for life support:

Step A.  Airway Establish or assure patent airway with
ET tube for delivery of ventilation.

Step B. Breathing Provide 100% oxygen (150
ml/kg/min for small animals; 15-20
ml/kg/min for large animals); ventilate simul-
taneous with chest compressions at a rate of
12-20/min (6-12 for large animals).

Step C.  Circulation (compressions) Deliver chest compres-
sions at 80-120/min (40-80/min or as rapidly
as possible for large animals) in a “coughlike”
manner, meaning rapid and forceful delivery of
pressure. Chest compressions should be initiated as
soon as absence of effective blood flow is identified and
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while the airway is being assured or established.
External massage promotes forward movement
of blood through one of two methods. In small
patients or those with narrow thoracic width,
the cardiac pump theory best explains forward
blood flow associated with actual compression
of the myocardium during chest compressions.
In larger patients, the thoracic pump theory
explains the resulting forward blood flow as a
result of sudden and significant increases in
internal thoracic pressure (associated with
compressions) being transmitted to the heart.
Therefore, for small animals (<10 kg), com-
press the chest directly over the heart with
hands or fingers applied to both sides of the
chest. For larger patients (>10 kg), compress
chest over widest portion or at the seventh
intercostal space at the junction of dorsal and
middle thirds of chest. Ventral-dorsal compres-
sions may be more effective in some patients.

In advanced CPR, step D includes drugs and/or defib-
rillation and step E is recognition of the specific ECG
abnormality. The initial drug to be administered is epi-
nephrine followed by atropine and other agents (Table
18-1), as indicated by the individual patient’s underlying
and identified problems and abnormalities identified on
ECG. Defibrillation is indicated for ventricular tachycar-
dia and fibrillation and recommended dosages are listed
in Table 18-1.
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Intravenous access should be established early in the
resuscitation efforts. While a central line (jugular vein) is
ideal, a peripheral vein usually is easier and faster to
access (at least in small animal species). Other routes for
drug administration include intratracheal (epinephrine,
atropine, lidocaine, naloxone) and intraosseous routes
(also for fluid delivery). For intratracheal delivery,

1. Dose should be doubled.

2. Drug should be diluted in 3-10 ml of sterile saline or
water.

3. Drug should be deposited with a small long catheter
(urinary catheter) with the tip positioned at the
carina.

4. Two or three breaths should be delivered immedi-
ately following drug instillation before resuming
compressions.

Potential causes and specific treatment for electrocar-
diogram traces identified during arrest are listed in
Table 18-2.

Internal cardiac compression has been shown to be
more effective than external compression in promoting
myocardial and peripheral tissue perfusion during CPR.
Internal compression requires a thoracotomy, although
cardiac access may be gained through the diaphragm
when arrest occurs during an abdominal procedure.
Indications include the presence of pneumothorax or
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broken ribs, inability to apply effective external com-
pressions due to size and shape of the thorax, failure of
external compression to produce effective forward
blood flow, and absence of spontaneous rhythm after
5-10 min CPR. Thoracotomy is performed, following
abbreviated aseptic preparation, by making a liberal inci-
sion at the fifth intercostal space. The pleura is pene-
trated with a finger or blunt tip to avoid damage to
underlying thoracic structures. Compression rate should
be coordinated with ventricular filling. Once sponta-
neous stable rhythm is reestablished, the thorax should
be flushed with warm isotonic crystalloid fluid, the inci-
sion closed in a routine manner, and thoracocentesis
performed to evacuate the pleural space.

Animals successfully resuscitated following CPA
remain vulnerable to recurrence of myocardial instabil-
ity and development of neurologic consequences associ-
ated with tissue ischemia and reperfusion insult. Oxygen
supplementation should be continued and the ECG and
arterial blood pressure monitored for several hours fol-
lowing resuscitation. Conservative fluid therapy (50
ml/kg/24 hr; less for cats) should be continued to main-
tain adequate perfusion and preload but minimize risk
of contribution to edema formation. Glucose-containing
fluids are contraindicated because glucose can exacerbate
neurologic damage. Inotropic support may be necessary
(see Table 18-1) and a suggested goal of therapy is to
maintain diastolic blood pressure above 60 mmHg. Mon-
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itoring urine output provides an additional indicator of
adequate tissue perfusion. Ideally, arterial pH and blood
gas analysis should be performed to assure adequate ven-
tilation and oxygenation and assess the metabolic acid-
base status. When conscious, the animal’s neurologic
status should be evaluated and findings recorded. Cere-
bral edema may develop 24-48 hr following resuscitation
and may be signaled by seizures, depression, coma, or
blindness. Specific treatment for cerebral insult and
edema are listed in Table 18-1.
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Approximate Dosages (mg/kg) of
Anesthetic Agents and Adjuncts for
Common Domestic Species
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Appendix 2

Drug Scheduling Classification and
Guidelines for Storing, Dispensing,
and Administering Scheduled Agents

Agent

Schedule Signification Description Examples

I CH No accepted Heroin, marihuana,
medical use. methaqualone
Major potential
for abuse.

Il Gl Approved medical All pure opioid
uses but high agonists (e.g,,
potential for morphine),
abuse leading cocaine,
to addiction. pentobarbital,

amphetamine
(continues)

287
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Agent

Schedule Signification Description Examples

1l C-lll Approved medical Thiopental,
uses. High telazol™,
potential for ketamine,
abuse but less anabolic
than that for steroids
CHI.

\Y CIv Approved medical Diazepam,
uses. Less midazolam,
potential for oxazepam
abuse than G-Il butorphanal,
but addiction pentazocine,
is possible. chloral hydrate,

methohexital,
phenobarbital

\% Vv Approved medical Buprenorphine
uses. Least

potential for
abuse of the
scheduled agents.

1. To administer, prescribe or dispense scheduled drugs, veterinarians must be reg-
istered (initial application: form DEA-224) with and approved by the Drug
Enforcement Agency of the United States Department of Justice (Headquarters:
1-800-882-9539).

2. To purchase Schedule Il drugs for clinical use, triplicate order form DEA-222
must be filled out and sent to the supplier. Upon receipt of Schedule Il drugs,
appropriate quantity should be verified by dating and completing the order form.

3. Schedule IV drugs do not require the triplicate order form. However, records of
transactions should be maintained for two years by use of supplier's invoices or
logbook, including date of receipt and quantities ordered and received.
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. The DEA license is valid for only one office where controlled substances are
administered or dispensed. If multiple offices are used to administer and dis-
pense controlled substances, each must be registered independently.

. A record of transaction must be maintained for all controlled substances admin-
istered or dispensed and should include patient name and identification, with
drug and amount used to account for all controlled substances.

. Controlled substances stored in a clinic must be kept in a securely locked, sub-
stantially constructed cabinet or safe. Ideally, stock should be kept to a minimum
and maintained within a two- or three-lock system.

. When controlled substances are dispensed, a record of each transaction is
required.

. For the prescription of controlled substances I1-V, it is necessary to be registered
with the DEA but it is not required to keep records of those transactions. Pre-
scriptions must be signed and include the address and DEA registration number.
The prescription order should be precise, legible, and alteration proof. Clearly
indicate refill authorization directions. Schedule Il prescriptions may not be
refilled.



Appendix 3

Suggestions for Anestheti
Preparation and Manageme
of High-Risk Patients

eral statements may be applied to all spe
ific protocols, see species-specific chapters.

Trauma Patients

aration

t shock



nt

id induction to gain control of airway
th ECG 1f possible (small animal)
rterial blood pressure throughout the a

od
o provide arrhythmia treatment and inotre

ain appropriately

Cardiac Patients

1

btential problems

I[1 ECG
cic radiographs

ardiography
otential problems

thmias



nedicate to minimize anxiety
renate throughout anesthetic period (incl

postop)

t ventilation to maintain normal PaCO2

itor cardiovascular parameters quantit
ible

Respiratory Patients

aration

»perative assessment

I'horacic radiographs

Arterial blood gas analysis

racocentesis (when indicated)
xygenation (essential)
d (IV) premedication and induction

1gement

rvise entire premedication and induction
t ventilation throughout the procedure



nNCuroiogic raucms

1

eoperative neurologic exam findings
bral edema if necessary

nedrol/Solu-cortef: 20-30 mg/kg IV
emide: 1-2 mg/kg
itol: 1 g/kg over 20-30 min

rmal fluid balance to maintain normal MA

nt

smooth induction with minimal phys

rvative but adequate fluid therapy (avoid
ining fluids)

PV to maintain PaCO,, at 30-35 mmHg
BP to assure adequate cerebral perfusion
bromazine and ketamine; isoflurane is the
D use

nentation nostonerativelv and ascess ne
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are surgery site prior to induction
xXygenate

inister premedications

I'o minimize anxiety

Choose reversible agents
are to provide resuscitation for newborns

Oxygen delivery

Oropharynx suction

Warmth

Reversal agents (e.g., naloxone)
Dopram

Administer agents into umbilical stalk ¢
gually

1igement

general approaches to anesthetic manage:



>d) plus regional anesthesia: epidural,
paralumbar technique (Table 3-5)

nd maintain adequate ABP
1s essential to minimize time to delivery

Hepatic Disease Patients

1

mistry panel for accompanying abnormali

proteinemia
slycemia

1lopathy (coagulation panel, bleeding timr

>quate fluid balance
nts that depend on hepatic metabolism

nt
versible premedications (e.g., opioid)
epine use is controversial and 1s best avoi

I A P I S R



~ated

Renal Disease Patients

aration

ect azotemia prior to induction
re normal fluid balance
ss for accompanying disorders

Anemia
Hypoproteinemia

Acid-base and electrolyte imbalances
repared to minimize anesthesia time

1igement

ose a cardiac-sparing protocol: opioid
ine, ketamine, low-dose propofol, isoflurz
nce

inister fluids intraoperatively: (10 ml/kg/]

itor ABP and urine production (nor
o /hr)
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> dogs >11 yr
kg dogs >10 yr
kg dogs >9 yr
y dogs >7.5 yr
12 yr

c changes

ased metabolic rate
ased maximal cardiac output
ased alveolar gas exchange

ased organ reserve including liver and kida

ised fat

ased anesthesia requirements

physical exam, blood workup, other diag
indicated by physical exam findings



urane or sevollurane 1or maintenance
sider local/regional techniques to spare
ts

itor ECG and ABP

inister fluids at conservative rate

bort ventilation during anesthesia

ide adequate analgesia and oxygen postop

Neonates

aration

siderations

Age: <12 wks

[ncreased metabolic demands

Cardiac output is rate dependent
Response to hypotension is less well-develc
PCV and TP slightly less than adults

More susceptible to hypothermia

increased surface area to body mass rati
lece haody fat



/

1c function not fully developed
ited ability to metabolize drugs

ited glycogen stores

nt

ersible premedication with minimal car
nsider anticholinergic premedication w
wn to decrease HR are used (e.g., opioids,
1ion: opioid + benzodiazepine

mask induction, propofol, diazepam-k

1ce: isoflurane or sevoflurane, nonrebreatl

r glucose-containing fluids (2.5-5%)
cternal heat sources

tive period: maintain oxygen delivery as 1
> and provide warm environment
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Page references with “t” denote tables; “t” denote

figures.

A
Acepromazine
characteristics of, 13, 44t
species-specific indications
birds, 196t
cats, 186t, 282t
cattle, 244t, 282t
dogs, 178t, 282t
ferret, 207t, 209t
horses, 230t, 282t
rabbits, 209t
reptiles, 224t
sheep, 244t, 282t
swine, 258t, 282t
Acetaminophen, 166t, 171
Acetylcholinesterase inhibitors,
51t
Acetylpromazine.

See Acepromazine
Acid-base balance, 147-148
Acidosis

metabolic, 149t

respiratory, 149t
Aerrane. See Isoflurane
Alfentanil, 14, 46t
Alkalinizing agents, 142t-143t,

146
Alkalosis

metabolic, 149t
respiratory, 149t
Alpha, agonists. See also specific
drug
antagonists, 181t, 261t
pain management using,
164t-165t, 168-169
species-specific indications
dogs, 179t
reptiles, 224t
Alveolar ventilation, 81t-82t
Amidate. See Etomidate
Analgesics
alpha, agonists, 164t-165t,
168-169
nonsteroidal anti-
inflammatory drugs,
165t-166t, 169-171
opioids, 161-168
species-specific indications
camelids, 248t—249t
horses, 233t-234t
reptiles, 225t
ruminants, 248t—249t
small mammals, 213t, 214t,
219
swine, 262t
Anectine. See Succinylcholine
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Anesthesia
definition of, 1
monitoring during.
See Monitoring
patient preparation for, 3-7
positioning during, 154-155
principles of, 2-3
Anesthesia machine
common gas outlet, 98-99
malfunction assessments, 105t
operating recommendations,
105t
overview of, 91-92
oxygen calculations, 96, 97f
oxygen flush valve, 96, 98
pin index safety system, 92, 93f
pressure regulators, 92
tanks, 91-92
vaporizers, 92, 94-96
Anesthetic agents. See also specific
agent
biotransformation of, 86-87
elimination of, 85-86
ideal properties of, 52t
inhalation. See Inhalation
agents
injectable, 13-43, 44t-51t
scheduling of, 287-288
selection of, 11-12
types of, 13-43
Anesthetic equipment
anesthesia machine. See Anes-
thesia machine
breathing systems, 99-103
ventilators. See Ventilators
waste gas scavenging, 103-104

Anesthetic record, 9, 10f, 113
Ansed. See Xylazine
Anticholinergics, 44t, 175
Antisedan. See Atipamezole
Arrhythmias, 128t
Arterial blood gases, 115t
Arterial blood pressure.
116¢-117¢
Aspirin, 166t, 170, 196t, 213t
Asystole, 2761277t
Atipamezole
general characteristics of, 14,
46t
species-specific indications
birds, 198t
cats, 282t
dogs, 181t, 282t
horses, 282t
reptiles, 224t
swine, 262t, 282t
Atracurium, 14-15, 50t, 284t
Atropine, 15, 44t, 207t, 209t,
224¢, 270t, 282t
Auriculopalpebral nerve, 62t, 66t
Azaperone, 15-16, 44t, 258t, 282t

B

Barbiturates, 48t—49t

Benzodiazepines, 44t—45t

Beuthanasia-D. See Pentobarbital

Bicarbonate, 142t-143t, 147,
272t

Bier block, 59t

Biotransformation, 86-87

Birds

anesthetic agents, 194,

196t-198t



body temperature, 5t
catheter placement, 199
electrocardiographic monitor-
ing of, 200, 202, 203f
fasting period, 8t
fluid therapy, 146147, 200
heart rate/minute, 5t
intubation of, 194, 199
laboratory studies and find-
ings, 6t
monitoring guidelines, 200,
202
recovery of, 202, 204
respiratory rate, 5t
restraint methods, 193-194
Blood. See also Plasma
intraoperative assessments,
139
replacement of, 133
replacement therapy, 140t
volume of, 125t, 134t
Blood pressure monitoring,
116t-118t
Body temperature
monitoring of, 191
species-specific values, 5t, 125t,
191
Body water, 134t
Boiling point, 74, 76
Brachial plexus block, 59t, 70f
Breathing systems. See also Venti-
lators
circle, 99-102
description of, 99
gas flow rates, 100t-101t
malfunction assessments, 105t
nonrebreathing, 102-103
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Brevane. See Methohexital
Brevital. See Methohexital
Brietal. See Methohexital
Bupivacaine, 16
Buprenorphine
general characteristics of,
16-17, 47t
pain management using,
163t-164¢, 167
species-specific indications
dogs, 178t, 283t
horses, 233t, 283t
reptiles, 225t
ruminants, 248t, 283t
small mammals, 212t, 283t
swine, 262t, 283t
Butorphanol
general characteristics of, 17,
47t
pain management using,
163t-164t
species-specific indications
birds, 196t
cats, 186t—187t, 283t
cattle, 245t, 248t, 283t
dogs, 178t, 180t, 283t
horses, 230t, 233t, 283t
llamas, 247t
reptiles, 225t
sheep, 245t, 248t, 283t
small mammals, 212t
swine, 258t, 262t, 283t

C

C fibers, 158, 160
Calcium, 271t
Capnography, 121t, 123f
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Carbocaine-V. See Mepivacaine
Cardiac compression, 275, 278
Cardiopulmonary arrest,
267-268
Cardiopulmonary resuscitation

condition-specific approaches,

276t-277t
drugs used, 270274t
fluid therapy, 278
guidelines, 268-269
intravenous access, 275
postrecovery monitoring,
278-279
Cardiovascular system
disorders of, 292-293
inhalation agents effect, 84
monitoring parameters,
115t-118t
Carfentanil, 17-18, 46t, 197t
Carprofen, 165t, 170, 213t, 225t
Cats
analgesic agents, 162t-167t
blood pressure monitoring,
117t
blood volume, 125t
body temperature, 5t, 125t,
191
catheter placement, 189
chemical restraint, 186t, 188
epidural technique, 71f
fasting period, 8t
fluid administration rates, 137
heart rate/minute, 5t, 125t
induction of, 186t—187t
intubation of, 189-190
laboratory studies and
findings, 6t

local anesthetic techniques,
58t-61t
minute ventilation values, 125t
opioid use, 185, 188
parenteral anesthesia of, 187t
premedication, 186t
recovery of, 190-191
respiratory rate, 5t, 125t
restraint methods, 186t, 188
sinus bradycardia in, 127t
ventilatory support for, 190
Cattle
blood pressure monitoring,
118t
blood volume, 125t
body temperature, 5t, 125t
catheter placement, 250-251
chemical restraint of,
244247t
fasting period, 8t, 250
heart rate/minute, 5t, 125t
induction of, 251
intubation of, 251-252
laboratory studies and find-
ings, 6t
local anesthetic techniques,
63t-68t
minute ventilation values, 125t
premedication, 244t-247t, 250
respiratory rate, 5t, 125t
sinus bradycardia in, 127t
Central venous pressure, 118t
Cesarean section, 295-296
Chinchilla, 213t
Chloral hydrate, 18, 48t, 245t,
283t
Chloroprocaine, 55t



Circle rebreathing systems,
99-102

cis-Atracurium, 18-19, 50t, 284t

Colloid solutions, 141t—142t

Common gas outlet, 98-99

Corticosteroids, 272t

Cow. See Cattle

Curare. See Tubocurarine

D
Defibrillation, 273t
Dehorning procedures, 66t-67t
Dehydration, 136t
Demerol. See Meperidine
Desflurane, 19, 79t-80t
Detomidine, 19-20, 45t, 197t,
230t, 282t
Dexamethasone, 273t
Dextran, 141t
Diazepam
cardiopulmonary resuscitation
uses, 274t
general characteristics of, 20,
44¢, 177, 182
species-specific indications
birds, 196197t
cats, 186t, 282t
cattle, 244t, 282t
dogs, 177, 182, 282t
horses, 231t, 282t
rabbits, 210t
reptiles, 224t
swine, 258t, 282t
Digital block, 60t, 72f
Diprenorphine, 20-21, 47t
Dissociative agents, 47t-48t,
224225t

Index 307

Dobutamine, 144t, 152, 271t
Dogs
analgesic agents, 162t-167t
blood pressure monitoring,
117t
blood volume, 125t
body temperature, 5t, 125t
catheter placement, 183
chemical restraints, 178t
diazepam administration, 177,
182
epidural technique, 71f
fasting period, 8t
heart rate/minute, bt, 125t
induction of, 179t
intubation of, 182-183
laboratory studies and
findings, 6t
local anesthetic techniques,
58t-61t
minute ventilation values, 125t
parenteral anesthesia of,
179180t
premedication of, 178t
recovery of, 183
respiratory rate, 5t, 125t
sinus bradycardia in, 127t
Dopamine, 144t, 153, 271t
Dormitor. See Medetomidine
Dormosedan. See Detomidine
Doxacurium, 50t
Doxapram, 270t
Duromorph. See Morphine

Eagles, 197t
Edrophonium, 20, 51t, 284t
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Electrocardiography
bird monitoring using, 200,
202, 203f
description of, 151
reptile monitoring using, 226,
228f
Endotracheal intubation.
See Intubation
End-tidal carbon dioxide,
114t-115t
Enflurane, 21-22, 79t-80t, 85
Ephedrine, 144t, 152, 271t
Epidural anesthesia
caudal, 67t—68t
cranial, 68t
opioids, 163t-164t, 167-168
regional, 60t, 71f
Epinephrine, 144t, 270t
Ethrane. See Enflurane
Etodolac, 165t, 170
Etomidate
for cats, 187t, 284t
for dogs, 179t, 284t
general characteristics of, 22,
49t
Etorphine, 22-23, 46t
Examination. See Physical
examination
Extracellular fluid, 134t
Eye lubrication, 175

F
Falcons, 197t
Fasting
duration of, 7
species-specific recommenda-
tions, 8t, 229, 235, 250

water, 7
Fentanyl
for dogs, 283t
general characteristics of, 23,
46t
for horses, 234t
pain management using,
162t-164t, 167
Ferrets
analgesic agents, 213t
body temperature, 5t
catheter placement, 206
chemical restraint of,
207t-208t
fasting period, 8t
heart rate/minute, bt
induction of, 205-206, 208t
intubation of, 206
laboratory studies and
findings, 6t
monitoring of, 212
premedication, 207t-208t
recovery of, 212
respiratory rate, 5t
restraint methods, 205
Flaxedil. See Gallamine
Fluid therapy
administration of
rates, 137, 139
routes, 146-147
blood replacement, 140t
body water percentages, 134t
colloid solutions, 141t-142t
commercial fluids, 135t
description of, 132
guidelines, 133, 137, 139, 146



infusion warmers, 137, 138f
postresuscitation, 273t-274t,
278
Flumazenil, 23, 45t, 262t, 282t
Flunixin meglumine, 166t, 171,
196t, 213t, 225t, 234t,
249t
Fluothane. See Halothane
Foals, 233t-234t, 240
Forane. See Isoflurane
Furosemide, 273t

G
Gallamine, 23-24, 50t
General anesthesia
characteristics of, 75t
definition of, 113
monitoring parameters,
114119t
stages of, 75¢, 113
Gerbil, 213t
Geriatric patients, 298-299
Glycerol guaiacolate.
See Guaifenesin
Glycopyrrolate, 24, 44t, 207t,
209t, 224t, 282t
Goat
blood volume, 125t
body temperature, 5t, 125t
fasting period, 8t
heart rate/minute, 5t, 125t
laboratory studies and
findings, 6t
minute ventilation values, 125t
respiratory rate, 5t, 125t
Guaifenesin, 24-25, 49t, 235,
245t-246t, 260t—261t, 284t
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Guinea pig, 213t

H
Halothane
cardiovascular effects, 84
description of, 88-89
general characteristics of, 25
for horses, 237
physicochemical properties of,
79t-80t
respiratory effects, 83
Hamster, 213t
Hawks, 196t
Heart rate
monitoring of, 115t
species-specific values, 5t, 125t
Hemoglobin saturation, 115t
Hepatic disease, 296297
Hetastarch, 141t-142t
Horses
analgesic agents, 233t-234t
anesthetic agents, 230t-233t
blood pressure monitoring,
117t
blood volume, 125t
body temperature, bt, 125t
catheter placement, 236
chemical restraint of, 230t
depth assessments, 240
eye covering, 238-239
fasting period, 8t, 229, 235
fluid therapy, 238
heart rate/minute, 5t, 125t,
240
induction of, 230t-232t
intubation of, 236
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Horses, cont.
laboratory studies and
findings, 6t
local anesthetic techniques,
62t
minute ventilation values, 125t
monitoring of, 239-240
postanesthetic myopathy,
154-155
premedication, 230t, 235-236
recovery of, 240-241
respiratory rate, 5t, 125t, 239
sinus bradycardia in, 127t
supportive care, 238-239
ventilatory support for, 239
Hydromorphone
for cats, 186t, 282t
for dogs, 178t, 282t
general characteristics of, 47t
pain management using, 162t
Hypercapnia, 109
Hyperthermia, malignant, 85,
265-266
Hypnomidate. See Etomidate
Hypnovel. See Midazolam
Hypokalemia, 139
Hypotension, 128t, 152
Hypothermia
etiology of, 152
fluid therapy and, 137
prevention of, 152-154
systemic effects, 152-153
Hypoxemia, 151

1
Infraorbital nerve, 58t
Infusion warmers, 137, 138f

Inhalation agents
biotransformation of, 86-87
cardiovascular effects, 84
description of, 73
disadvantages of, 73
elimination of, 85-86
environmental exposure,

86t-87t
factors that affect, 81t-82t
hepatocellular injury caused
by, 84-85
minimum alveolar concentra-
tion, 78, 79t-80t, 82
physicochemical properties of,
74, 76
quantity determination, 76,
77t
requirements for, 83t
respiratory effects, 82-83
systemic effects of, 82-85

Inspiratory time, 108t

Inspiratory to expiratory ratio,

108t

Intercostal nerve, 60t

Intermittent positive pressure

ventilation, 104, 106

Interpleural region, 60t

Intracellular fluid, 134t

Intraosseous cannulation,

146-147, 201f

Intraval. See Thiopental

Intravenous regional anesthesia
in cats, 59t
in cattle, 65t
in dogs, 59t
in ruminants, 65t



Intubation
general considerations, 174
species-specific indications and
guidelines
birds, 194, 199
cats, 189-190
cattle, 250-251
dogs, 182-183
ferret, 206
horses, 236
reptiles, 223
ruminants, 250-251
sheep, 250-251
swine, 263-264
tube placement, 174
Isoflurane, 25-26, 79t-80t, 88,
194, 237
Isoproterenol, 144t, 271t

K
Ketamine
general characteristics of, 26,
48t
pain management using, 165t,
169
species-specific indications
birds, 196t
cats, 186t-187t, 283t
dogs, 179t-180t, 283t
ferret, 208t
horses, 230t-231t, 283t
rabbits, 210t
reptiles, 224t-225¢t
Ketaset. See Ketamine
Ketoprofen, 165t-166t, 170,
214t, 234t
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L
Lidocaine, 26-27, 55t, 142t, 270t
Lizards. See Reptiles
Llamas
body temperature, 5t
chemical restraint of,
246t-247t
fasting period, 8t
heart rate/minute, bt
laboratory studies and
findings, 6t
premedication, 246t-247t
respiratory rate, 5t
Local anesthetics
description of, 53-54
mechanism of action, 54, 57
pain management using, 171
properties of, 55t
techniques for administering,
58t-68t
toxic effects of, 56t

M
M-99. See Etorphine
Malignant hyperthermia, 85,
265-266
Mandibular nerve, 59t, 69f
Mannitol, 274t
Marcaine. See Bupivacaine
Maxillary nerve, 58t, 69f
Medetomidine
general characteristics of, 26,
45t
pain management using,
164t-165t
species-specific indications
birds, 197t
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Medetomidine, cont.
cats, 187t, 282t
dogs, 179t-180t, 282t
ferret, 208t—209t
swine, 258t, 282t
Meloxicam, 166t
Meloxicxam, 170
Mental nerve, 58t, 69f
Meperidine, 27-28, 46t, 161,
162t, 282t
Mepivacaine, 28, 55t
Metabolic acidosis, 139, 146,
149t
Metabolic alkalosis, 149t
Methohexital, 28-29, 48t, 283t
Methoxyflurane
general characteristics of, 29
nephrotoxic effects, 85

physicochemical properties of,

79t-80t
Metofane. See Methoxyflurane
Midazolam
general characteristics of,
29-30, 44t
species-specific indications
birds, 196t—-197t
cats, 186t, 282t
dogs, 282t
ferret, 207t
rabbits, 210t
reptiles, 224t
swine, 258t, 282t
Minimum alveolar concentra-
tion, 78, 79t-80t, 82
Mivacurium, 50t
Molecular weight, 76

Monitoring. See also specific species,

monitoring
capnography, 121t, 123f
guidelines for, 111-113
parameters assessed, 114t-119t
pulse oximetry, 121t-122t,
124f

Morphine

general characteristics of, 30,
46t
pain management using, 161,
162164t
species-specific indications
cats, 186t, 282t
dogs, 178t, 282t
horses, 230t, 233t—234t,
282t
ruminants, 248t-249t, 282t
sheep, 248t-249t, 282t
small mammals, 213t
swine, 262t, 282t

Mouse, 213t

Nalbuphine, 30-31, 47t, 283t
Nalmefene

general characteristics of, 31,
47t

species-specific indications,
181t, 283t

Nalorphine, 47t
Naloxone

general characteristics of,
31-32, 47t
species-specific indications
birds, 198t
dogs, 181t, 283t



swine, 262t, 283t
Naltrexone, 32, 47t, 198t
Naproxen, 166t
Narcan. See Naloxone
Nembutal. See Pentobarbital
Neonates, 299-300
Neostigmine, 32-33, 51t, 284t
Neurologic injury, 294
Neuromuscular blocking agents,
4951t
Nimbex. See cis-Atracurium
Nitrous oxide
diffuse hypoxia and, 88
indications, 88
physicochemical properties of,
79t-80t
Nonrebreathing systems,
102-103
Nonsteroidal anti-inflammatory
drugs, 165t-166t,
169-171, 213t
Norcuron. See Vecuronium
Novocaine. See Procaine
NSAIDs. See Nonsteroidal anti-
inflammatory drugs
Nubain. See Nalbuphine
Numorphan. See Oxymorphone

(o]

Onychectomy, 61t, 72f

Opioids
agonists, 167
antagonists, 181t, 262t
classification of, 161
dosing of, 162t-167t
epidural uses, 163t-164t,

167-168
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general characteristics of,
46t-47t
side effects of, 161
species-specific indications
cats, 185, 188
dogs, 178t, 181t
ferrets, 213t
rabbits, 213t
small mammals, 213t
types of, 162t-167t
Owls, 197t
Oxygen flush valve, 96, 98
Oxygenation
calculations regarding, 96, 97f
factors that affect, 148, 151
intraoperative assessments,
148, 151
Oxyhemoglobin dissociative
curve, 124f
Oxymorphone
general characteristics of, 33,
46t
pain management using,
162t-163t
species-specific indications
cats, 186t, 283t
dogs, 178t, 283t

P

Packed red blood cells, 140t

PaCO,,. See Partial pressure of

carbon dioxide

Pain
definition of, 157
perception of, 160
physiology of, 158, 160
signs of, 158, 159t
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Pain, cont.
treatment of
alpha, agonists, 164t-165t,
168-169
local anesthesia, 171
nonsteroidal anti-
inflammatory drugs,
165t-166t, 169-171
opioids, 161-168
regional anesthesia, 171
Pancuronium, 33-34, 50t, 284t
Paravertebral techniques,
63t-65t
Partial pressure of carbon
dioxide, 106, 109
Partial pressure of oxygen, 124f
Patient preparations, 3—7
Pavulon. See Pancuronium
Peak inspiratory pressure, 108t
Pentazocine, 34, 47t, 283t
Penthrane. See Methoxyflurane
Pentobarbital, 34-35, 48t, 283t
Pentothal. See Thiopental
Peterson eye block, 65t
Pethidine. See Meperidine
Phenobarbital, 35
Phenylbutazone, 166t, 234t, 249t
Physical examination
laboratory studies and
findings, 6t
parameters assessed, 3, 5t
preprocedural, 3
species-specific findings, 5t
Physical status, 4t
Pig. See Swine
Pin index safety system, 92, 93f

Piroxicam, 166t
Plasma. See also Blood
replacement therapy, 141t
volume assessments, 134t
Pontocaine. See Tetracaine
Positioning, 154-155
Postanesthetic myopathy,
154-155
Pregnancy, 295-296
Premature ventricular
contractions, 128t, 151
Premedication agents, 12,
4448t
Pressure regulators, 92
Procaine, 36, b5t
Promace. See Acepromazine
Propofol
cardiopulmonary resuscitation
uses, 274t
general characteristics of, 36,
49t
species-specific indications
cats, 187t, 283t
dogs, 179t, 182, 283t
ferret, 208t
rabbits, 210t
reptiles, 225t
Prostigmine. See Neostigmine
Pulse oximetry, 121t-122t, 124f
Pulse rate, 115t-116t
Pulseless electrical activity, 277t
Pyridostigmine, 37, 51t, 284t

R

Rabbits
analgesic agents, 213t
blood volume, 125t



body temperature, bt, 125t
catheter placement, 215
chemical restraint of,
209t-210t
fasting period, 8t
heart rate/minute, bt, 125t
immobility reflex of, 212
induction of, 210t, 216217
laboratory studies and
findings, 6t
minute ventilation values, 125t
monitoring of, 217-218
premedication, 209t-210t, 215
premedication of, 209t-210t
respiratory rate, 5t, 125t
restraint methods, 212, 215
Rapifen. See Alfentanil
Rapinovet. See Propofol
Rat, 213t
Record keeping, 9, 10f, 113
Recovery, anesthetic
birds, 202, 204
cats, 190-191
dog, 183
ferret, 212
horses, 240-241
reptiles, 227
ruminants, 253
swine, 266
Regional anesthesia
in cats, 59t
in cattle, 65t
in dogs, 59t
pain management using, 171
in ruminants, 65t
Regonol. See Pyridostigmine
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Renal disease, 297
Reptiles
anesthetic agents, 224t—225t
fluid therapy, 226
induction of, 222-223
intubation of, 223
monitoring of, 226-227
recovery of, 227
restraint methods, 221-222
ventilatory support, 226
Respiratory acidosis, 149t
Respiratory alkalosis, 149t
Respiratory rate
decreased, 126t-127t
monitoring of, 114t-115t
species-specific values, 5t, 125t
Respiratory system
disorders of, 293-294
inhalation agents effect, 82-83
Revex. See Nalmefene
Revivon. See Diprenorphine
Robinul. See Glycopyrrolate
Rocuronium, 50t
Romazicon. See Flumazenil
Romifidine, 37-38, 45t, 282t
Rompun. See Xylazine
Ruminants
analgesic agents, 248t—249t
blood pressure monitoring,
118t
catheter placement, 250-251
cattle. See Cattle
chemical restraint of,
244247t
fasting period, 250
induction of, 251
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Ruminants, cont.
intubation of, 251-252
llamas. See Llamas
positioning of, 253
premedication, 244t-247t, 250
recovery of, 253
sheep. See Sheep
sinus bradycardia in, 127t

S
Scoline. See Succinylcholine
Sedivet. See Romifidine
Sevoflurane, 38, 79t-80t, 85, 89,
194, 237
Sheep
blood volume, 125t
body temperature, 5t
catheter placement, 250-251
chemical restraint of,
244245t
fasting period, 8t, 250
heart rate/minute, 5t, 125t
induction of, 251
intubation of, 251-252
laboratory studies and find-
ings, 6t
minute ventilation values, 125t
premedication, 244t-245t, 250
respiratory rate, 5t, 125t
Sinus bradycardia, 127t
Sinus tachycardia, 128t
Small mammals
ferret. See Ferret
guidelines regarding, 218-219
rabbit. See Rabbit
Snakes. See Reptiles
Solubility coefficient, 78

Solu-Delta-Cortef, 272t
Solu-Medrol, 272t
Specific gravity, 76
Stiglyn. See Neostigmine
Stresnil. See Azaperone
Sublimaze. See Fentanyl
Succinylcholine, 38-39, 51t
Sucostrin. See Succinylcholine
Sufenta. See Sufentanil
Sufentanil, 38, 46t
Supportive care
acid-base balance, 147-148,
149t
adjunctive drugs, 151-152
fluid therapy. See Fluid therapy
intraoperative, 131-132
oxygenation, 148, 151
preoperative, 131
Suprane. See Desflurane
Supraorbital nerve, 62t
Swine
analgesic agents, 262t
blood pressure monitoring,
118t
blood volume, 125t
body temperature, 5t, 125t, 265
catheter placement, 264
chemical restraint of, 258t
fasting period, 8t, 256
heart rate/minute, bt, 125t
induction of, 256, 258t-261t
intubation of, 263-264
laboratory studies and
findings, 6t
malignant hyperthermia in,
265-266



minute ventilation values, 125t
monitoring of, 264265
premedication, 258t

recovery of, 266

respiratory rate, 5t, 125t
restraint methods, 255-256

T
Tachycardia, 128t, 151, 159t, 276t
Tachypnea, 126t, 159t
Talwin. See Pentazocine
Telazol
general characteristics of, 40,
48t
species-specific indications
birds, 196t
cats, 187t, 283t
dogs, 179t, 283t
ferret, 208t
horses, 283t
rabbits, 210t
Temgesic. See Buprenorphine
Tensilon. See Edrophonium
Tetracaine, bbt
Thiopental
characteristics of, 39-40, 48t
species-specific indications
cats, 186t, 283t
dogs, 179t, 182, 283t
ferret, 208t
ruminants, 245t, 283t
swine, 260t, 283t
Tidal volume, 108t, 114t
Tolazoline
general characteristics of,
40-41, 46t
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species-specific indications,
181t, 261t, 282t
Torbugesic. See Butorphanol
Torbutrol. See Butorphanol
Total body water, 134t
Tracrium. See Atracurium
Trauma, 291-292
Trexonil. See Naltrexone
Trigeminal nerve, 58t, 69f
Tromethamine organic amine
buffer, 143t
Tubocurarine, 41, 50t
Turtles. See Reptiles

u
Ultrane. See Sevoflurane
Urinary output assessments, 118t

\'}
Valium. See Diazepam
Vapor pressure, 74
Vaporizers, 92, 94-96
Vecuronium, 41-42, 50t, 284t
Ventilators
indications, 104, 106-107
malfunction assessments, 106t
pressure-cycled, 107
settings, 108t
species-specific support
cats, 190
horses, 239
reptiles, 226
volume-cycled, 107-108
Ventricular arrhythmias, 128t,
151
Ventricular fibrillation, 276t
Versed. See Midazolam
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Vetalar. See Ketamine
Vetergesic. See Buprenorphine

w

Waste gas exposure
minimization methods, 87t
scavenging systems, 103-104,

106t

side effects of, 86t

Water withholding, 7

Wildnil. See Carfentanil

X
Xylazine
general characteristics of, 42,
45t
pain management using,
164t-165t
species-specific indications
cats, 187t, 282t
cattle, 244t, 246t, 282t
dogs, 179t-180t, 282t

ferret, 208t—209t

horses, 230t, 282t

llamas, 246t

rabbits, 210t

reptiles, 224t

ruminants, 244t

sheep, 244t, 246t, 282t

swine, 258t-260t, 282t
Xylocaine. See Lidocaine

Y
Yohimbine (Yobine)
general characteristics of, 43,
45t
species-specific indications
birds, 196t, 198t
cats, 282t
dogs, 181t, 282t
horses, 282t
sheep, 282t
swine, 261t, 282t
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