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P RE FACE

This is one of a series of Aeromedical Reviews entitled “Selected
Topics in Laboratory Animal Medicine .” These publications contain in-
formation on the care and use of animals in biomedical research; they
are intended for ve ter inary educa tors , managers of animal colon ies ,
and individuals who use animals in scientific investigations . The in-
formation in these reviews was initially presented as lectures and
handouts in the Laboratory Animal Medicine Residency , the Veterinary
Surgery Res idency , and the annual symposia on Current Trends in Lab-
oratory Animal Medicine. The authors are veterinarians who are
spec ial ists in the respec tive f ields of labora tory an imal med icine ,
pa thology , tox icol ogy, and surgery . With few exceptions , the authors
are gradua tes of the Labora tory An imal Med icine Residency conducted at
the USA F School of Aerospace Medic ine and are cert if ied by spec ia lty
boards in their chosen field.

Special recognition is due the consulting editors : Col Ralph F.
Z iegler , Lt Col Harold W . Casey , Lt Co l Gale D. Taylor , and Maj George

• - W. Irving III.

This work was directed and coordinated by the staff of the Veter-
0 m ary Education Branch , Educa tion Division , IJSAF School of Aerospa ce

Med icine , Brooks Air Fo rce Base , Texas.
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SELECTED TOPICS IN LABORATORY ANINAL MEDICINE

VOLUME V ANESTHESI OLOGY

INTRODUCTION

Anesthetic agents have many uSes: restraint of animals to enable
examinat ion and trea tment, sur gery , convuls ion con trol , and euthanasia.
Th is review is primar ily concerned with the anes the tic agen ts , equip-
ment , and technics used for laboratory animals.

The laboratory animal veterinarian or research investigator using
anes the tics is encouraged to study in de tail the pharmacolo gical ac-
tions of anesthetic agents and related drugs before using them in
animals assigned to research projects. Pharmacology texts should be
consul ted , with special emphasis given to the potential of interaction
between anesthetics and other drugs which may be used in the project.
All potential complications concerning anesthetics and related drugs
as they affect research are not listed in this review . Our intent is
to produce awareness that anesthetics may seriously alter pharmacolog-
ical and physiolog ical responses.

The following publications are excellent sources for additional
informa tion and were used extensively in comp iling this review :

The Pharmacolog ical Basis of Therapeu tics (4 1)
Experimental Animal Anesthesiology (105)
Veterinary Anesthesia (69)
Textbook of Veterinary Anesthesia (122)
Comparative Anesthesia in Laboratory Animals (87)

HIstory of Anesthesia (139)

The history of anesthesia dates back as early as the 15th century
B.C. Sedatives and analgesics were extracted from plants by boiling
in water. The Egyptians used opium and wines; the Chinese used
hashish or wines containing hemp ; and the Greeks used belladonna or
opium in wine .

The use of analgesic drugs was coiwnon until the 16th through the
18th centuries, when their use for painful procedures was no longer
taught or advocated. These were the centuries when witch hunting was
in vogue and there was strong opposition to the use of magic potions .
Drugs were replaced by hypnos is , refrigeration , and crushing the
sensory nerves.

The first modern general anesthetic was nitrous oxide , discovered
by Joseph Priestly in 1776. Dr. Crawford W. Long was the first to use
ether clinically (1842). The barbiturates , discovered in the early
1900’s, replaced ether and nitrous oxide for many surgical procedures.
Newer inhalation agents such as aethoxyflurane and halothane , wh ich
are safer and easier to control than the barbiturates , are now
routinely used.
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Id e a l l y ,  an anes the t i c  agent should have a wide marg in  of sa fe ty ,
be a good analgesic , not depress the vital organs and the centers of
the  b ra in  tha t  con t ro l  them , not need to be de toxi f ied  b y organs such
as the l i ve r  and kidneys , have a short induction and recovery time ,
and be nonexplos ive . This  ideal  anes the t i c  agent has not yet been dis-
covered. Research in analgesia and anesthesia is continuing in the
search for the inhalation or injectable agent , or even such technics
as acupuncture , that will meet the requirements of the ideal agent
without deleterious side effects.

The exact mechanisms of action of the common anesthetic agents in
use today are not known . Many theories have been proposed concerning
the state of unconsciousness and narcosis (41A , 62 , 122C , 139); however ,
none has met with general acceptance.

Anesthesia in Research - Complications

The researcher and laboratory animal veterinarian should be con-
cerned with the role that anesthetics play in the interpretation of
experimental results. Anesthetics may alter normal physiological and!
or biochemical processes , not only during anesthesia , but also days or
even weeks following anesthetic recovery . Complicating effects are
numerous; and many changes that take place , especially at the bio-
chemical and cellular levels , are just beginning to be investigated.

All anesthetic agents are not alike in their actions . If an anes-
thetic is required during an experimental procedure , the same agent and
technic should be used throughout the experiment . While one anesthetic
is liable to invoke a physiological change in one direction , another
agent could produce the opposite effect.

Animal variations between species and even between strains may be
responsible for individua l animals behaving differently under the same
anesthetic. Such factors as age , sex , weight , nutritional status ,
enzymes , strains within species , and circadian rhythms have been known
to affect anesthetic response (87C).

The previous administration of anesthetics may alter the metabolism
of subsequent compounds , as seen in rats pretreated with certain bar-
biturates. Drugs admini-;tered prior to or at the time of anesthesia
may also influence the m.tabolism of anesthetics (87C). It is impera-
tive that the investigator be familiar with the current literature
regarding anesthetic interactions with other pharmacological agents.
A review on pharmacology (98) describes a number of examples of how
anesthetics may produce changes both by themselves or when combined with
other pharmacological agents.

• In any experiment in which an anesthetic , anal ges ic , or chem ical
restraint drug is used , pr ope r con trols mus t be employed to ascer tain
that the experimental results are not distorted by the drug . General
anesthetics depress the cardiovascular and respiratory systems , result-
ing in al te red blood gases , lowere 1 metabolism , decreased body teiu-
perature , and alterations in perfusion .

Anes thes ia is of ten a stressful  exper ience resul ting in endocr ine
changes. The various parameters such as blood gases , blood pressure ,
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cardiac output , body tempera ture , and any numbe r of other fac tors tha t
may contribute to interpretation of experimental results should be
close ly monitored and taken into consideration (87C) .

Anesthetics may produce histopathologic changes in organs , wh ich
can be misinterpreted as being due to the experimental procedure .
Examples are hep atic necrosis due to chloroform , and renal and hepa tic
lesions in the human due to methoxyflurane and halothane (87C).

Publ ic Laws

PL 89-544, Labo ratory An ima l Welfare Act of 1966 , as amended by
PL 91-579 , Animal Welfare Act of 1970, contains sections which directly
per tain to the use of anes thes ia in research work and the respons ibil ity
of the veterinarian and investigator:

Section 3.109 - Veterinary Care

I n the case of a research fac ility ,  the program of ade-
quate veterinary care shall include the appropriate use of
anesthetic , analgesic , or tranquilizing drugs , when such use
would be proper in the opinion of the attending veterinarian
at the research facility. The use of these three classes of
drugs shall be in accordance with the currently accepted
veterinary medical practice as cited in appropriate profes-
sional journa ls or reference guides , which shall produce in
the individual subject animal a high level of tranquiliza-
tion , anesthesia , or analgesia consistent with the protocol
or design of the experiment .

I t shall be incumben t upon each research f acility through
its Animal Care Committee and/or attending veterinarian to
provide guidelines and consultation to research personne l
with respect to the type and amount of tranquilizers , anes-
thetics , or analgesics recommended as being appropriate for
each species of animal used by that institution .

The us e of these three cl asses of drugs shall e f fec tive ly
minimize the pain and discomfor t of the animals while under
experimentation .

Section 2.28 - Annual Report of Research Facilities

Each research facility shall submit on or before February
1, 1973, and on or before February 1 of each calendar year
thereafter to the Veterinarian in Charge in the State where
registered , an annual repor t signed by a legally respons ible
off ic ial cove ring the p rev ious calendar year and show ing that
professionally acceptable standards governing the care , treat-
ment , and use of animals, including appropriate use of
anesthetic , analgesic , and tranquilizing drugs , during exper-
imentation , are being followed by the research fac ili ty dur ing
actual research or experi..ntation . Such report shall
include 
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c. The number of exper iments  conducted involving neces-
sary  pa in  or d i s t r ess  to the animals  wi thout  the use of
appropr ia t e  anes the t i c , analgesic , or t r anqu i l i z ing  drugs and
a brief statement explaining the reasons for the same : pro-
vided , however , that routine procedure s (e.g., injections ,
tattooing , and blood sampling) do not need to be reported; and ,

d. Certification by the attending veterinarian of the
research f a c i l i t y  or by an i n s t i tu t i o n a l  commit tee  of at least
three  members , one of whom is a Doctor of Veter inary  Medicine ,
e s t a b l i s h e d  for the purpose of eva lua t ing  the care , t rea tment ,
and use of all warmblooded animals held or used for research ,
or expe r imen ta t ions , t h a r  the type and amount of anes the t i c ,
analgesic , and tranquili..ing drugs used on animals during
ac tua l  research or exper imenta t ion  was appropriate  to relieve
al l  unnecessary pa in  and d i s t ress  for the subject  an imals .

The National Institutes of Health issued a policy relating to lab-
oratory animals which went into effect 1 July 1971 (NIH Guide for
Gran t s  and Cont rac ts , No.  7, 14 Jun 1971). Animals used in activities
supported by NIH must receive appropriate care and humane treatment .
Grantees  and cont rac tors  w i l l :

a. Prove assurance of accredi ta t ion  by a recognized pro-
fe s s iona l  laboratory anima l accred i t in g  body or of the estab-
l i shment  of a committee , at least one of whose membership is
a Doctor of Veterinary Medicine , to evaluate the care of all
warm-blooded animals held or used for research , teaching, or
other activities supported by NIH grants , awards , or contracts;
and ,

b. Follow the guidelines prescribed in PHS Publication No.
1024 , applicable portions of PL 89-S44 as amended , the appended
NIH Guidelines for Use of Experimental Animals , and the pro-
cedures described in this issuance .

The experiment should be so conducted as to avoid all
unnecessary  s u f f e r i n g  and in ju ry  to the subject animals.

If the experiment is likely to cause greater discomfort than
that attending anesthetization , the subject animals must first
be rendered incapable of perceiving the pain and be maintained
in that condition until the experiment is ended . The only
exception to this guideline should be in those cases where
anestheti zation would defeat the purpose of the experiment ,
and then the procedure s mus t be care ful ly superv ised by the
p r i n c i p a l  i n v e s t i g a t o r .

The v e t e r i n a r i a n  should es tab l i sh  guidel ines  for the use of anesthe-
t ics , ana lges ics , and t r anqu i l i ze r s . All  personnel using animals should
consult with the veterinarian for guidelines regarding the above -
mentioned drugs as well as the care and use of warmblooded animals.

Many anesthetics , narcotics , and tranquilizers are included in the
Controlled Substances Act of 1970, PL 91-513. All personnel using these
items should be familiar with this act and know the classification of
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the drugs they are using and the appropriate recordkeep ing , inventory ,
and security and control requirements.

Pain

The public laws and NIH guidelines place the responsibility on the
veterinarian and investigator to recognize painful procedures and use
appropriate drugs to effectively minimize the pain and discomfort of
animals unde r experimentation (87B). It is not unusual for investi ga-
tors to consider the pain perception of animals to be less intense
than that of man and permit inhumane treatment of the animal on this
basis.

Pain perception and reflex motor activity generally function in
unison ; however , in many instances reflex activity may not be an
indicator of pain perception . Drugs such as curare and succinylcholine
paralyze the animal and prevent reflex movement , and the animal ,
althoug h unable to move , can perceive severe pain. Immobility, there-
fore , cannot be equated with a loss of the ability to perceive pain.

The perception of pain is a subjective response that occurs in the
cerebral cortex and brainstem reticular formation , and depressing these
two areas of the brain can alter pain perception . The status of pain
in an animal can be monitored by observing the animal and physiological
responses normally exhibited during a painful situation (87B). An
animal in pain usually displays one or more of the following signs:

1. Attraction to the area of pain.
2. increased skeletal muscle tone.
3. Altered electroencephalogram response.
4. Emotional response as demonstrated by increased blood

pressure and heart rate , pupillary dilation , and a
change in the respiratory pattern .

• PREANESTHETIC PATIENT EVALUATION

- - 
Most laboratory animals are normal and healthy and can be identi-

fied as good anesthetic risks. Experimental animals at the USAF Schooi
of Aerospace Medicine (USAFSAM) are standardized before being issued
to an investi gator. Standardization at USAPSAM consists of a quaran-
tine period of 30 days for quadrupeds and 60 days for nonhuman primates.
The animals are treated for endoparasites and ectoparasites and are
immunized for the appropriate diseases. An intradermal tuberculin test
is administered to primates at 2-week intervals. All animals must be
in good physical condition and have a complete blood count within
normal limits before they are released from quarantine. Before an
anesthetic is administered , a physical examination should be given ,
weight and tempetature recorded , and a preanesthetic blood samp le for
a baseline complete blood count obtained.

When anesthesia is to be administered for surgery or to facilitate
disease therapy in a sick animal , the risks of the anesthesia and the
patient must be careful)y assessed. Clinical laboratory tests eval-
uatii~g renal , hepa tic , and cardiovascular function , as well as fluid

- 
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and electrolyte balance and pH , may be necessa ry before appropriate
care and anesthetics can be intelligently selected. The anesthetist
should he aware of the pharmacological action of the drugs he is
using and their relationship to the underlying d isease . An ex amp le
would be a male cat which has obstructive urolithiasis with secondary
renal injury and uremia. An anesthetic may be needed to facilitate
relieving the obstructed urethra; however, an agent such as a barbitu-
rate or ketamine would be contraindicated since it must be excreted
through the renal system. The anesthetist should be familiar with the
anesthetic agents he routinely uses and know the permissible drugs and
those to avoid for the commonly encountered clinical conditions (2).

The anesthetist should also be aware of indications for continuing
or discontinuing drugs used to treat a medical problem prior to the
administration of anesthesia (2).

Cortisone and related steroids--Continue administration . Pro-
longed administration causes hypoFunction of the adrenal glands .
Adrenal failure , characterized by hypotension , may result from the
stiess of surgery .

Phenothiazines- -Discontinue the day before . An antinorepinephrine
action hypotension which is unresponsive to therapy may result.

Rauwolfia alkaloids (reserpin~}-Discontinue several weeks before .These drugs are antihvpertensive and may produce hypotension by deplet-
ing serotonin and antagonizing norepinephrine .

Nonphenothiazine tranquilizers- -Continue up to the time of the
operation and resume afterward .

Narcotics and hypnotics- -Use the same dose for premedication as
the patient has been receiving .

Antihistamines - -Continue use.

Antibiotics and Sulfonamides- -Neomycin and kanamycin in large
doses or if used with ether or muscle relaxants produce a neuromuscular
blockade when given intravenously or intraperitoneally. Sulfonamides
may produce methemoglobinemia and cyanosis.

Digitalis - -Continue use.

Ant iconvulsants- -Continue use.

Choliner~ ic drugs- -D i scon t inue  6 hours before  anes thes ia . May
cause secretion of mucus , bronchospasm , or reflex card iac effects.

Thiazide derivatives (diuretic-~~ -Discontinue 4 days p r io r  to
anesthesia. Produces hypotensive action due to diminished pressor re-
sponses to epinephrine.

If possible , deficiencies such as anemia, dehydration , nephritis ,
and cardiac insufficiency should be corrected or compensated. Food and
water are withheld 12-24 hours immediately before anesthesia to prevent
regurgitation and subsequent inhalation pneumonia.
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RESTRAINT

Laboratory animals come in a variety of sizes and dispositions.
Before an anesthetic agent can be administered , adequate restraint ,
either physical and/or chemical , is necessary . Physical restraint of
common laboratory animals is discussed and illustrated in an earlier
aeromedical review (64). References on the restraint of large domestic
animals (65), the laboratory dog (87H) , and wild animals (69, 87K) are
also available.

PREMEDICATION

There are three primary reasons to administer premedic ation before
anesthesia:

1. Relieve app rehension and facilitate restraint .

2. Obtain an additive effect between depressant drugs of low
analgesic or anesthetic potency .

3. Provide prophylaxis to prevent undesirable physiolog ical
effects of an anesthetic or surgical procedure; e.g.

a. Counteract hypotension.

b. Decrease vagal effects.

c. Reduce cardiac irritability .

d. Decrease secretions.

e. Decrease muscle tone .

Anticholinergics , tranquilizers , narcotics , and muscle relaxants
are commonly used for preanesthetic medication .

Anticholinergic s (4lC, 69, 122)

The two most frequently used anticholinergics are atropine and
scopolamine. They are belladonna alkaloids which compete with acetyl-
choline for the parasympathetic nerve endings , thereby preventing the
transmission of impulses to the cholinergic effector organs. Scopola-
mine is the stronger blocking agent for the iris , c ili ary body , salivary ,
bronchial , and sweat glands. Atropine has a more pronounced action on
the heart , intestine , and bronchial musculature . They are rapidly
absorbed from the gastrointestinal tract , mucous membranes , and to some

-
• extent from the skin. Most of these alkaloids are destroyed by enzy-

m a t i c  hydro lys i s  in the l i ve r , hut some are excreted unchanged by the
kidney.

Advan tages of anti chol inergics as preanes thetics:

1 . Decrease secretions from the mucous membranes and sal ivary
• glands.
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2. Block vagal effects on the heart , thereby increasing heart
rate.

3. Decrease tone and motility in the gastroinestinal tract.

4- . Di la te  the bronchus .

Possible complicating factors in research :

1. Electrical activity of the brain may be reduced with decreased
alpha rhythm frequency , as seen in the electroencephalogram .

2. In t raocu la r  pressure i n i t i a l l y  ab ,ve normal is elevated fur-
ther.

3. The rabbi t  has a high tolerance due to atropine esterase in
the blood and liver.

4.  R e s u l t s  may be complicated in learning and performance tests
r e q u i r i n g  memory and a t t en t ion .

5. Normal cardiovascular  physiologic responses may be altered.

Tranqui l izers  (4 1E , 69,  122)

Tranqu i l i ze r s , wh ich produce calmness of mind , have been classi-
fied by their chemical structure into four groups :

1. Phenothiazine derivatives .

2. Reserpine and related alkaloids .

3. Diphenylmethane derivatives. - 
-

4. Propanediol derivatives .

The phenothiazine group i.s most frequently used in veterinary
medic ine .  These drugs depress the brain stem and its connections to
the cerebral cortex and block autonomic ganglia. They also possess
adr~’nolytic , anti acetylcholine , and antihistamine activity . They are

• generally not good analgesics.

Advantages of the phenothiazine tranquilizers as preanesthetics
(69)

1. Decrease restraint required for refractory animals.

2. Potentiate anesthetics and analgesics , thereby resulting in
smaller doses.

3. Prevent emesis.

4. Improve muscle relaxation.

S. Calm recovery from anesthesia.
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6. Prevent epinephrine-induced ventricular fibrillation and

vasoconstrict ion .

7. For hypothermia , disrupt hypothalamic temperature - regulating
controls.

Possible complicating factors in research :

1. Psychology studies--results of learning and performance test-
ing may be complicated.

2. Blood and bone marrow--agranu locytosis , aplastic anemia , pan-
cytopenia , and o ther  blood dyscrasias may occur.

3. Cardiovascular physiology- -phenothiazines are alpha blockers
but , individually, vary greatly in their adrenergic-blocking ability .
They produce direct effects on the heart and blood vessels and indirect
changes through th~ central nervous system and automatic reflexes.Vasod ila t a t ion , hypotension , and myocardial  depression may occur .  Hyp o-
tens ion can be reversed by norepinephrine ; epinephrine is i n e f f e c t i v e .

4. Body temperature--temperature-regulating mechanisms in the
hypothalamus are disrupted.

5. Endocrine system-—actions of man y endocrine glands are altered
due to the phenothiazine group ’s ac tions o~ the pituitary gland .

The fol lowing ph. no th i az ine  derivatives are used as preanes thet ics
(69):

Chlorpromazine I-Id (Thorazine)--considered the prototype of the
phenothiazine derivatives.

Promazine HC1 (Sparine)--effects similar to chlorpromazine , with
less hypnosis and fewer side effects.

Triflupromazine HC1 çVetauej..--comparable to promazine in its
e f f e c t s :  10 times the antiemetic e f f ec t  of chlorpromazthe and 3-S times
the t r a n q u i l i z i n g  potency .

Acetylpromazine Ma leate  (Acepromazine)--potent neuroleptic agent
w i t h  low toxic i ty . It  has been used in a wide variety of wild animal
spec ies.

P rop~ opromazine HC 1 (Tranveti-  -more sedative and produces greater
potentiation of barbiturates than chlorpromazine.

Methotrineprazine HC1 (Levoprome)--powerful nonaddictive analgesic
sedative; l~ mg met~ótrimeprazine is equivalent to 10 mg morphine . A
narcotics license is not required.

Xyiazine (Roinpun)--potent nonnarcotic sedative , analgesic , and
muscle relaxant. A sleeplike state lasts 1-2 hours , while analgesia
lasts 15-30 minutes.
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Narcotics (41D , 69, 122)

Narco t i c s  are the best  parentera l  analgesics  ava ilab le for  use as
an adjunct for surgical anesthesia and postoperative relief of pain.
They (natural and synthetic) are controlled drugs and require strict
secur i ty  and records .

Narcotics produce marked analgesia , seda tion hypnos is , euphoria,
respiratory depression , nausea , emesis , and some peripheral vasodila-
tion and hypotension . Morphine is conjugated in the liver and excreted
in the urine .

Advantages of narcotics as preanesthetics (69):

1. The animal is quieted and more tractable.

2. Emesis and defecation are produced.

3. Anesthetic need is decreased.

4. Calm recovery from anesthesia is provided.

5. Postoperative pain is reduced and shock made less likely.

Possible complicating factors in research :

1. Respiration and blood pressure are depressed.

2. Morphine is unrel iable  in many species. Exci tement  may be
produced in c a t t l e , horses , swine , and cats .

3. The dog, rat , and mouse have a high tolerance and can degrade
meperidine  HC 1 (Deinerol) more rapidly  than man . These species should
not be used if toxicology s tudies are to be correlated for  the human .

4. Demerol should not be used on primates treated with isoniazid
w i t h i n  30 days ; they may go into convulsions (107) .

5. The heat-regulating ~nechanism of the hypothalamus may bealtered.

Narcotic Agents--Mo rphine, Dilaudid , codeine , apomorph ine, and
heroin are derivatives of opium. Other narcotics , such as methadone
and meperidine , are synthetic.

Morphine: the principal alkaloid of opium and one of the most
effect ive analgesics.

Meperidine I-Wi (Demerol): analgesic effect is intermediate between
codeine and morphine , without excitatory effects that morphine causes
in many species . It significantly augments other sedatives.

Etorphine HC1 (M-99): chemically related to morphine but more
potent. Used ~rimiri1y Tor restraint of wild animals.

1’ 16
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Apomorphine: primary action is to stimulate the emetic center;
emesis occurs within 3-10 minutes. This is a depressant  and is c on t r a -
indicated in the presence of previous central depression .

Fentany l c i tr a t e - d r o p e r i d o l  ( Inn ovar -Vet J :  a combina t ion  n a r c o t i c —
analgesic (fentanyl) and tranquilizer (droperidol) used to produce
neuroleptanalgesia. It produces sufficient analgesia and sedation to
p e r m i t  minor  surgica l  procedures.  Fentanyl  is 500 t ime s more po ten t
than  meper id ine .  A n a l g e s i a , sedat ion , and respiratory depression are
produced in 3-5 minutes. Droperidol produces sedation with decreased
motor activity .

Pentazocine (Talwin): derived from a compound related to a narcotic
antagonist (41fl , 69, ill , 122). Pentazocine has approximately one-
third to one-fourth the analgesic potency of morphine . Pentazocine is
not c l a s s i f i e d  as a narcot ic  and is not subject to narcotic controls
since it is not addicting and may actually precipitate withdrawal symp-
toms in subjects physically dependent on morphine . It is absorbed well
from the oral , IM , and subQ routes . Pentazocine is not routinely used
as a preanesthetic because it is a poor sedative . It is primarily used
for postsurgical analgesia. Naloxone HC1 is the only narcotic antagon-
ist that is effective for pentazocine .

Narcotic Antagonists (specific antagonists of narcotics)--

Levallorphan tartrate (Lorfan) and nalorphine HCI (Nalline): within
90 seconds following IV injection , almost all signs of morphine hypnosis
disappear; I mg nalorphine is administered for each 10 mg morphine or
20 mg meperidine . When given without prior administration of a narcotic
or in excessive doses , central nervous depression is produced.

Naloxone HC1 (Narcan): 13 times more potent than nalorphine and 3
t imes  more potent than levallorphan . Its chief advantage is that it
does not produce the respiratory depression seen in other narcotic
antagonists.

Cyprenorphine CM-285) and Diprer.orphine (M-5050): potent antagon-
ists used to reverse etorphine in wild animals. Because diprenorphine
has very few side effects , i t  is replacing cyprenorphine .

Muscle R e l a x a n t s  (4 1F , 69 , 122J)

Depo la r i za t i on  and con t rac t ion  of muscle fibers are initiated by
the transmission of chemical  med ia to r s  ( ace ty icholine )  from p resynap t ic
neurons to the motor end plates. Repolarization occurs when acety l-
choline is removed from the synapse by the enzyme acetylcholinesterase.

The compet i t ive  neuromuscular  blockers (d - tubocur ar ine  ch lo r ide
and gallamine) combine with the choline receptor sites and block
acetyicholine . Ether , halo thane , cyclopropane , streptomycin , neomycin ,
and polymyxin may have a synergistic effect on the competitive neuro-
muscular blockers . The dosage of ether and halothane should be halved
when they are combined with muscle relaxants. Both d-tubocurarine and
gallamine have a rapid onset (3-S minutes) and are effective for 15 to
45 minutes. Antagonist to the curariform muscle relaxants are the
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~~ anticholinesterase drugs neostigmine (Prostiginine) and edrophonium
(Tensilon). Neosti gmine is administered at a rate of 0.03-0.10 mg/b
lb (4.5 kg) and may be supplemented in 5-8 minutes as needed at a dose
ra te  of 0 . 0 15 - 0 . 0 0 5  m g/ 4 . 5  kg.  Edrophonium is administered at a rate
of 0 . 5 - 1 . 0  m g / 4 . 5  kg and may be supp lemented in 2-4 minutes at a dose
rate of 0.25 mg/4.5 kg. Atropine 0.2 mg/lb (0.04 mg/kg) is administered
with both neostigmine and edrophonium (69).

The d e p o l a r i z i n g  blockers (succinyicholine , decamethonium ) produce
depolarization at the neuromuscular junction . Patients exposed to
cholinesterase inhibitors (found in certain insecticides) and anthel-
mintics (e.g., f le a col lar s) have a more rap id and prolon ged para lys is.

Muscle re laxants  produce progressive para lys is  which includes the
resp i ra tory  muscles .  These agents should not be used without adequate
means of artificial ventilation . None of the muscle relaxants produce
analgesia  and should not be used for pa infu l  procedures wi thout
adequate anesthesia or analgesia. Advantages of muscle relaxants:

1. Relaxation during induction of anesthesia.

2. Relaxation for intubation in animals such as the miniature
swine.

3. Supplement to spinal and regional anesthesia.

4. Apnea for thoracic surgery .

5. Muscle relaxation to facilitate surgical manipulations as in
orthopedic surgery .

Gallamine and other neuromuscular blocking agents combined with
local anesthesia  have been used widely to produce long -term immobili-
zation of experimental preparations for neurophysiologic and neuro-
pharmacolog ic investigations. It has been learned , however , that the
neuromuscular blocking agents produce significant changes in CNS
excitability . Data from experiments in which these agents were used
should probably  be reevaluated. If neuromuscular blocking agents are
to be used for studies involving the CNS , it is recommended that two
or more immobilizing agents be tried serially to rule out the possi-
bility of a centra l effect produced by the paralyzing agent (48).

INJECTABLE ANESTHETIC AGENTS

Barbiturates (41J , 69, 122)

The barbi turates are derivetives of barbituric acid. Hundreds of
derivatives have been discovered ; however , only a few are sui table for
clinical use as anesthetics and sedatives . The barbiturates are divided
into two classes , oxybarb iturates and thiobarbiturates. Structural
changes wh ich increase the fat solubility of the barbiturates increase
the rapidity of onset and decrease the duration of action . The thio-
barbiturates contain a sulphur radical which makes them highly fat
soluble; therefore , their action is short lived.
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The ma jo r  b a r b i t u r a t e s  used in v e t e r i n a r y  medicine  are :

Duration of Action

Phenobarbi tal  Na (phenobarbi tone)  long

Barb i ta l  Na (barbi tone)  long

Amobarbital Na (Amytal) intermediate

Pentobarbi ta l  Na (Nembuta l )  short

Secob arb ital Na (Secona l ) shor t

Thiopental  Na (Pen to thal )  u l t rashor t

Thiamylal Na (Surital) ultrashort

Thialbarbitone Na (Kemithal) ultrashort

Pentothal , Surital , and Kemithal are thiobarbiturates, and when
administered intravenously in the dog their duration of action is
approximately 1 hour . The period of surgical anesthesia is much
shorter , approximately 15-20 minutes. Pentobarbital sodium has a
dura t ion  of action of approximately 1-3 hours following IV administra-
tion in the dog. The thiobarbiturates and pentobarbital are the most
popular barbiturates used in veterinary medicine , primarily because of
their short duration of action compared to the other barbiturates.

The barbiturates are nonspecific depressants and exert their
action on nervous , muscle , hepatic , and other tissues of the body.
The central nervous system is very sensitive to the depressant action
of these drugs; they would be of no clinical use if the CNS were not
more sensitive than the other tissues .

The barbiturates are poor analgesics and muscle relaxants. Nar-
cotics and/or nitrous oxide plus muscle relaxants are frequently used
with the barbiturates to obtain adequate analgesia and relaxation .
When analgesics and muscle relaxants are used , the barbiturate dosage
may be halved. If more analgesia is needed during a surgical procedure ,
an analgesic should be given rather than more barbiturate .

The barb itura tes are rea dil y absorbed and have been adm in istered
by a number of rou te s - - in t r avenous , oral , in t ramuscu la r , intraperi-
toneal , and intrathoracic. The onset and depth of anesthesia is
d i f f i c u l t  to control  by any route other than intravenous . The other
routes are used due to ease of administration , espec ia l ly  in w i ld
a n i m a l s  or smal l  laboratory animals  such as rodents where it is diffi-
cult to perform a venipuncture . The inhalation anesthetics and some
newer injectable anesthetics have a wider margin of safety than the
barb iturates and should be used in those animals where it is not fea-
sible to administer drug s IV.

The barb iturates are very alkaline (pH near 11) and are irritating
to tissues. When barbiturates are injected outside of a vein , they can
produce tissue necrosis and sloughs. These sloughs can usually be
prevented by infilt rati ng the ti ssues with a local anesthetic to produce
vasod i la ta t lon , which aids diffusion and neutralizes the alkaline pH ,
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or by infiltrating the tissues with saline to dilute the barbiturate.
Corticosteroids may be used to reduce the inflammatory response .

The long-acting barbiturates such as phenobarbital and barbital
are not metabolized by the liver and are excreted unchanged by the
kidneys . The intermediate and short-acting oxybarbiturates are trans-
formed in the liver , whereas the ultrashort-acting thiobarbiturates
are metabolized by the liver as well as other tissues (kidney , brain) .
Hepatic or renal disease can result in toxic accumulation of the bar-
biturates , with resultant coma and death.

Al l barbiturates possess approximately the same marg in r~~ safety.
The anesthetic dose is approximately 50%-70% of the minimum lethal
dose. Death is usually the result of respiratory failure due to
depression of the respiratory centers. The heart usually continues to
be at until it becomes hypoxic. With adequate artificial ventilation ,
many barbiturate deaths can be prevented.

The barbiturates , due to their general depressant characteristics ,
produce the following changes:

Respiratory . All respiratory driving forces are depressed (pneuino-
taxic , CO 2 and pH , and hypoxic). Adequate management of ventilation is
required to prevent respiratory acidosis and eventual metaboli c aci-
dosis.

Cardiovascular. The vasomotor center and the heart are depressed
by the barbiturates. Cardiac output decreases , peripheral resistance
increases , and heart rate may increase or remain stable. Variable
changes occur in blood pressure .

Renal. Urine production decreases as a result of hypotension
(prerenal uremia) and direct depression of tubular cells. Renal
depression may result in uremia and decreased excretion of the barbit-
urates , thus prolong ing anesthesia. -

He~atic. Inadequate circulation to the liver will delay hepatic
m e t a b o l i s m  of the b a r b i t u r a t e s .  I-hypothermia , acidosis , low oxygen
tension , and hypotension , which can occur during barbiturate anesthesia ,
all contribute to reduced hepatic function .

Central nervous system. The CNS , neuromuscular junctions , and
au tonomic  gangl i a  are depressed.

Uterine. Anesthetic doses depress uterine contraction and cross
the placental membrane to depress the fetus .

Barb i turates are potent enzyme inducers and may influence the
metabolism of subsequently administered drugs (23).

Urethan (Urethane , Ethyl Carbamate)

The ure thanesare  feeble and toxic hypnotics (4lJ) and have been
used-primarily in laboratory animals and fish. In large doses they
produce bone ma rrow depression , and they are hepatotoxic. The urethanes
are carcinogenic in mice , ra ts , rabb its, and are therefore a potential
hazard (5 , 143). 20
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Chloral Derivat ives

Chloral  hydrate and trichloroethanol are halogenated e thano l s .
The CNS depression produced by chloral hydrate is bel ieved to be due to
t r i ch lo roe thano l  to which chloral  hydrate is rapidly  reduced (4 1J) .
Chlor al hydrate is a poor analgesic. The respiratory and vasomotor
centers are severely depressed . It has a low margin of safety and is
not a satisfactory anesthetic (69).

Chloralose (alpha-D-glucochloralose , Chloralosane) produces light
anesthesia lasting for several hours. It has been used primarily in
studying cardiovascular physiology because it depresses motor and
sensory spinal centers without interfering with respiratory and cardio-
reflexes (54). Respiration is not depressed. Tachycardia is usually
present and blood pressure is normal or increased. Its main disadvan-
tage is its insolubility .

Dissociative Agents

This relatively new group of drugs are termed dissociative agents
because they selectively interrupt association pathways to the brain
before blocking proprioceptive and tactile sensation . Their effects
are dose dependen t; low doses produce immobilization , and high doses
provide analgesia and anesthesia. Unconsciousness is characterized by
catalepsy (loss of voluntary motion , muscle rigidity with the muscles
remaining in a f ixed posit ion , eyes open , and many reflexes remaining
in tac t ) . The dissociat ive agents , in contrast to the paralyzing
agents , provide good analgesia and amnesia at anesthetic dosage. There
is tremendous species variation for these agents. Many species are
stimula ted to the point of clon ic convulsions , rather than being
depressed. In species that can safely receive these agents , they pro-
vide excellent restraint and analgesia-anesthesia with a wide margin
of safety and minimal respiratory or cardiovascular depression . The
following dissociative agents are currently being used clinically or
experimentally :

Phencycl idine ~Serny lan 1 Serny1~ CI-3953 (20, 42 , 85, 10SF)--
Phencyclidine is recommendea for use in nonhuman primates only . It is
administered by the intramuscular route. There is a species variation
in the primates for onset and duration of effects. The onset ranges
from 5 to 30 minutes , and duration of action can be from 15 minutes to
several hours . In the nonhuman primate , low doses produce calmness;
as the dose is increased , analges ia , catalepsy , and anesthesia are
produced. Muscle relaxation is poor.

When used in conjunction with the barbiturates , there is a syner-
g i s t i c  effect . The u l t rashor t -ac t ing  barbi tura tes  should be used to
achieve precise t i t r a t ion . Respiratory depression does not occur when
phencyclidine is used by itself; however, severe depression may occur
when i t is used with the barbiturates.

Undesirable side effects are salivation , disorientation , hypo-
thermia , and mi ld excitement to convulsions and hallucinations during
recovery . Hyperactivi ty is observed in rats and mice . Low dosage
produces a calming effec t in the pigeon , guinea pig., hamster , rabbit ,
cat , dog, and monkey. Convulsive seizures occur in the pigeon , guinea
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p ig, dog , and monkey at doses higher than required for general anes-
thetic. For species such as the dog, there is a narrow marg in between
the anesthetic and convulsive dose. Phencyclidine is not used in
human anesthesiology because of the incidence of psychotic behavior
that follows its use.

Ketamjne (Vetalar 1 Ketalar CI-58lJ (42, 70)--Ke tamine is a
derivative of phencycl idine wit1~t o n e - s i x t h  i t s  potency . Ketamine is
approved for use in felines , nonhuman primates , and humans . It can be
administered by the intramuscular or intravenous routes. Ketalar is
the human product , and Vetalar is the veterinary counterpart. It has
a wide marg in of s a f e t y  w i t h  less side e f fec t s  than phencyc l id ine .
-\nesthesia is characterized by rapid onset , pro found analgesia ,
minimal respiratory depression , sUght cardiac stimulation , and intact
laryngeal and pharyngeal reflexes. Ketamine is detoxified and ex-
creted by the liver. At anesthetic doses , the duration of action is
approximately 30 minutes. Undesirable side effects are similar to
those described for phencyclidine . Myoclonic jerking or tonic con-
vulsions are not dose dependent and occur in 2%-5% of the cases. They
can be controlled by ultrashort barbiturates or phenothiazine tran-
qui 1 izers .

Tiletamine CI-634) (42)--Tiletamine is a new product being used on
a t r i a l  bas is  and is not on the commercial market .  I t  is one-hal f  as
potent  as phencyc l id ine  and three times as potent as ke tamine . It  may
be administered by the intramuscular , intravenous , or subcutaneous
routes. Pharmacologically it behaves like ketamine. Anesthesia and
ana lge s i a  are s u f f i c i e n t  for minor surgical procedures. Tiletamine
possesses a wide margin of safety for a number of different species ,
and is effective in primates , felines , carnivores , ruminants , and birds.
Induction is quiet , and recovery occurs within 1 hour. It is non-
cumulative in action when administered repeatedly. It crosses the
p lacental barrier but is rapidly metabolized by the neonate. Undesir-
able side effects are similar to those of phencyclidine and ketamine .

CI-744 (14, 42)--This is an unnamed combination of tiletamine
( C I - 6 3 4 )  and a t r a n q u i l i z e r  (CI-716). CI-634 and CI-716 are synergistic
and , together , provide an excellent anesthetic without the many undesir-
able side effects of dissociative agents when used alone . CI-744
provides rapid immobilization with a wide margin of safety in many wild
and domest ic  an imals .  Un l ike  phencyclidine and ketamine , it can be
used in the dog. Anes thes ia  w i t h  good muscle re laxat ion is sa ti s f ac to ry
for  m a j o r  surgery . The anes the t i c  t ime is dose dependent.

INHALATION ANESTHESIA

Inhalation anesthetics provide the safest type of anesthesia if
they are properly administered. The anesthetic level can ~~ easilycontrolled. If ventilation and circulation are adequate , the anesthe-
tist can increase or decrease the degree of anesthesia rapidly by
varying the amount of anesthetic delivered to the lung . Insignificant
amounts of inhalant anesthetic are biodegraded; therefore , detoxifica-
tien is not dependent on the liver and kidneys .

A l t h o u g h  the i n h a l a n t  anes the t ics  are safe , they are the most
complex to administer , requiring a trained anesthetist and often
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sophisticated and expensive equipment. If the inhalant anesthetics are
not adm inis tered properly,  they may possess a narrow margin of safety.
Some agents a lso  have the disadvantage of be ing explos ive or able to
support combustion , i r r i t a t i n g  to the respiratory system , and poss ibly
a factor in producing hepatic or renal pathology .

The depth of general anesthesia  varies d i r ec t l y  w i t h  the partial
pressure  of the anes the t ic  in the brain t issue , which app roximates  the
anesthetic level in arterial blood. Several factors influence the
arterial and brain anesthetic level (4lL):

I .  Concentration of anes the t ic .

2. Pulmonary ventilation .

3. Transfer  of anesthet ic  from alveoli to circulating blood.

4. Loss of anesthet ic  from the a r te r ia l  blood to the body tissues.

These factors  are divided into three phases of anesthetic distribu-
tion--pulmonary , circulatory , and tissue (4lL) :

Pulmona ry Ph ase

Respirator’~ Rate and Tidal Volume--These directly affect the vol-ume of anesthetic gases and vapors delivered to the alveoli.

Vaporization- -The ease with which volatile anesthetics vaporize
depends on their physical properties. The concentration of vapor that
can be delivered by a sa turat ion vapor iza t ion  at room tempera ture
varies wi th  the vapor pressure of the volatile anesthetic.

Vapor pressure Concentration of Induction Maintenance
Anesthetic @ 20°C (mmHg) vapor @ 20°C ( % ) ( % ) ( % )
Ether  443 58 10-40 5-15
f-falothane 243 32 1-4 0 . 5 - 2
Chloroform 160 21 0.5-1.5 0.25-1
Methoxyflurane 24 3 3-4 0.25-1

Ether  and halothane vaporize  readi ly  at room temperature . Gases
at sea level produce a total of 760 minHg pressure . Ether when fully
vaporized composes 443 mmHg , or 5 8% of the total gas volume (443/ 760) .
Methoxyflurane vaporizes very poorly at room temperature and , when
fully saturated , makes up only 3% of the gas volume delivered to the
patient. Halothane is a potent anesthetic requiring only l%-4% concen-
tration for induction ; however , since it produces a 32% concentration
at 20°C , it requires a sophisticated vaporizer with accurate controls
to prevent an overdosage . The safety in methoxyflurane lies in i t s  low
vapor pressure.  At room temperature it is almost impossible to produce
a concentration that will result in overdosage ; however , if the tem-
perature in the vaporizer is raised above 20°C , an increased vapor
concentration and overdosage will be produced .

Concentration Effect (31)--During anesthetic induction , the con-
cen tration of anesthetic is high in the alveoli compared to in the
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pulmonary blood. The anesthetic diffuses rapidly from the alveoli to
the blood until an equilibrium is approached. A hi gh concentration of
anesthetic must replace that lost to the pulmonary blood to maintain
the g r a d i e n t .  I nduc t i on  concen t r a t i on  and f low are i n i t i a l l y  hi gh
(4% halothane) and then reduced to a maintenance leve l (0.25%-2%
h a l o t h a n e )  once the a l veo l a r  and blood concen t r a t ions  are e q u i l i b r a t e d .

D i f f u s i o n  Hypoxia ( 3 3 ) - - D i f f u s i o n  hypoxia is the reverse of the
concentration effect and occurs during recovery when there is a high
level of nitrous oxide in the blood and the patient is taken off of all
gases and oxygen . The gradient is reversed and the nitrous oxide
enters the alveoli in an attempt to produce an equilibrium ; as a
r e su l t , the re is l i t t l e  space for air  to en te r  dur ing  insp i r a t i on . For
t h i s  reaso n , 100% oxygen should be given for 3-5 minutes after taking
the p a t i e n t  o f f  of h igh  levels  of n i t rous  oxide .

Second-Gas E f f e c t  ( 3 2 ) - - T h e  uptake of 1% halothane is more rapid
when a d m i n i s t e r e d  wi th  70% N 2 0 than wi th  10% N20. Because of the
co n c e n t r a t i o n  e f f e c t , 70% N2 0 d i f fu se s  more r ap id ly  from the a lveol i
into the blood than does the 10% concentration . The ability of one
gas to i n f l u e n c e  the uptake of a second gas because of the concentra-
tion effect is known as the second-gas effect.

Circulatory Phase

The gases diffuse across the alveolar and capillary epitheliuin and
are dissolved in the pulmonary capillary circulation and transported to
the body tissues. The uptake of gases into the blood depends on the
s o l u b i l i t y  of the gas in blood and the rate at which the anesthetic is
transported from the lungs (cardiac output).

Some tissues are preferentially supplied by blood and therefore
are affected more rapidly by the anesthetic. The brain is 2.2% of the
body weight and receives 14% of the cardiac output; therefore , a large
percentage of the anesthetic rapidly diffuses into the brain. Hyper-
carbia due to poor ventilation or inadequate C02 reabsorption in a
closed system increases cerebral blood flow and , thus , anesthe -t i . c
delivery to the brain.

Tissue Phase

The anesthetic diffuses from the circulation into both nervous and
nonnervous tissues. A stable cerebral anesthetic concentration is
desired and requires equilibration with the concentration in the non-
nervous body tissues.

The blood and t i s sues  of the bod y act as a reservoir  or sponge to
absorb the anes the t ic  agent ( lOSE) . When the tissuec and blood are
saturated with the anesthetic , the partial pressure of the gas in -t
arterial blood will increase significantly, resulting in increased con-
centrations of anesthetic being delivered to the brain. During induc-
t i o n , gases which  are very soluble are easily absorbed into blood and
tissues- -which act as a b u f f e r and prevent a rapid increase in arterial
partial pressure of the gas . During recovery , the large quantity of
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so lub l e  anes the t ics  s tored in the budy tissues are released slowly
from these tissues , maintaining an elevated arterial concentration and
prolonging recovery from anesthesia. Insoluble anesthetic gases are
not readily dissolved in blood and tissues; therefore , the b lood
partial pressure can be rapidly increased or decreased by controlling
the a l veo l a r  concentration , with resultant rapid induction and recovery .
Order of solubility :

1. Diethyl ether--most soluble , slow induction , slow recovery .

2. Methoxyflurane (Penthrane , Metofane).

3. Chloroform .

4. Halo thane  (F luo thane) .

S. N i t r o us oxide .

6. Cyclopropane--least soluble , quick induction , quick recovery .

Most a n e s t h e t i c  agents have s imi la r  blood and tissue solubility
coefficients. Halothane , however , is over twice as soluble in brain
tissue as in blood and is therefore rapidly absorbed into the brain.

Diffusion of anesthetic from one tissue to another may be signif-
icant. A reequilibration of anesthetic may occur where there is a
sudden a l t e r a t i on  of f lu ids , as seen in cardiopulmonary bypass ,
excessive dermocysis , and peritoneal lavage .

VOLATILE ANESTHETICS

The volatile anesthetics are extremely potent and relatively
soluble in blood and tissues. Chemically the volatile anesthetics are
divided into the ethers and halogenated hydrocarbons .

Halothane (Fluothane ) (411 , 12 2)

Chemical Propert ies-  -Halothane interacts with rubber and some
plas t ics;  therefore,  t~he vapor izer  is usually drained between uses and
the rubber hoses washed out . It might cause the plastic valves in the
a n e s t h e t i c  machine to s t ick , so the valves should always be checked
before  surgery .

General Anesthetic Action--Halothane is a poor analgesic , recom-
mended only in combination with N20. It is also potent and should only
be used w i t h  an accurate out-of-circle vaporizer. Halothane produces
poor muscle relaxation . Inha l an t  induct ion is fairly rapid in combina-
tion with N20 (l%-4% for induction and 0.5%-it for maintenance).

1. Cardiovascular effects. Blood pressure , myocardial contractile
force , cardiac output , and to tal per ipheral resistance (i.e., peripheral
vasodila tation) are reduced. The heart rate slows with deep anesthesia
and is an indication of depth of anesthesia .  The myocardium is sensi-
tized to catecholamines , and arrhythmias may occur . Bradycardia is
usually allev iated with atropine .
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2. Liver. Centrolobular necrosis has been observed in a small
percentage of humans 5 days to 3 weeks following halothane anesthesia.
A cause-effect relationship has not been established.

3. Respiratory effects. Tidal volume is decreased while heart
rate increases slightly. Halothane inhibits laryngospasm and coughing
but produces  b r o n c h i a l  d i l a t i o n .

4. Gastrointestinal effects. Motility is depressed.

5. Ute rus .  C o n t r a c t i o n  is i n h i b i t e d .

Ha lo t hane  is popular  for  balanced anes thes ia .  There is a sma l l
m a r g i n  b e t w e e n  a n e s t h e s i a  and t o x i c i t y ,  but th i s  danger is lessened by
sophisticated vaporizers and N20- -which reduces the halothane dosage
by o n e - h a l f  to t w o - t h i r d s .  I t  is not recommended for  smal l  laboratory
animals. Depth of anesthesia can be altered rapidly and careful
monitoring is mandatory. Halothane , especially in combination with
s u cc i ny i c h o l i n e , has bee n i m p l i c a t e d  i n the p rod uc t i on of ma l i gnant
h y p e r t h e rn i a  ( h y p e r p y r e x i a )  in man and some strains of minipigs.

Methoxyflurane (M~tofane , Penthrane) (41!, 122)

Chemical Properties- -Methoxyflurane is a clear , colorless liquid
with a fruity odor. The low vapor pressure at room temperature is
bar e ly  s u f f i c i e n t  to induce anes thes ia .

General  A n e s t h e t i c  Action - -Veterinarians generally consider this
a complete anesthetic because of its good analgesia and muscle relax-
ation. Human anesthetists routinely supplement methoxyflurane with
N20 and muscle relaxants. Inhalan t induction and recovery are slow ,
with odor persisting on the breath for several days . It can be vapor-
ized with an in-circle wick vaporizer. The maximum concentration that
can be attained at room temperature is 3%-4% for induction (0.25%-it
for  m a i n t e n a n c e ) .

1. Cardiovascular effects. Effects are similar to those of
halothane , but to a lesser degree . There may be some hypotension due
to reduced cardiac output . Sinus bradycardia may occur and can be
reversed with atropine. Essentially no arrhythmia occurs .

2. Respira tory  e f fec t s .  Respira tory depress ion is marked , there-
fore , an endotracheal tube should alway s be used. Vaporizing to lethal
concentrations is considered difficult , but this can occur if inten-
tionally hyperventilated.

3. Uterus. Contractility is not affected.

4. Gastrointestinal effects. Nausea and vomition occasionally
occur.

The low vaporization pressure and complete anesthesia make methoxy-
flurane ideal for the less experienced anesthetist. It does not require
expens ive  equipment  and can be used for small  laboratory an ima l s .  I t s
main disadvantage is the nausea and vomiting it produces. Methoxy-
f l u rane ~~~ been implicated as a cause of hepatic damage.
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Diethyl Ether (Ether) (411 , 122)

Chem ical Properties--Ether is a colorless , highly volatile liquid
which has a pungent odor and irritating vapor. It is marketed in
m e t a l  con ta ine r s  l ined wi th  copper to retard oxidation . Ether and air
s lowly  form e ther  perox ides  which react wi th  alcohol to form acetalde-
hyde . These compounds are unstable and are flammable and exp losive .

General Anesthetic Action- -Ether is a potent and complete anes-
thetic. The analgesia and muscle relaxation are exceptionally good .
Inhalant induction is slow and difficult (l0%-40% for induction , 5%-lS%
for maintenance).

1. Analgesia. Even at subanesthetic levels , analgesia is excel-
lent.

2. Cardiovascular effects. Myocardial contractility is signifi-
cantly depressed ; however , the sympathetic stimulation ether produces
usually results in a normal cardiac output and blood pressure . Heart
rate is frequently increased. Normal blood pressure may be maintained
in Stage III , planes 1 and 2; but at a deeper level , the blood p re s su re
decreases. During induction there may be atrioventricular nodal rhythm
disturbances against which atropine is not effective . At light levels
there is peripheral vasodilatation .

3. Respiratory effects. Ether is irritating to the respiratory
passages and s t i m u l a t e s  bronchial  secretions . The secret ions can be
blocked with atropine or scopolamine . Respiratory rate and tidal
volume are increased even in deep anesthesia. It is generally consid-
ered contraindicated in any respiratory impairment .

4. Gastrointestinal effects. Nausea and vomiting occur.

5. Genitourinary effects. Urine production is decreased with
renal vasoconstriction , decreased glomerular filtration , and tubular
water reabsorption . Uterine activity is only slightly affected by
ether.

6. Liver. Hyperglycemia and metabolic acidosis frequently occur
in the dog.

7. Body distribution. Induction is so slow that  20 hours is
required before 90% of inspired tension is reached in arterial blood
(very soluble in tissues); also , ether requires several hours to leave
the body t i s sues .

Ether is a versatile anesthetic, bu t its flammab i lity and mucosal
irritation have decreased i ts  use. It is currently only used in
pediatrics where spontaneous respiration is encouraged or when good
anesthetic equipment is not available.

Chloroform (41 1)

Chemical  Properties-  -Chloroform is a s w e e t- s m e l l i n g  li quid .  It
is marketed in a brown bottle to retard decomposition and oxidizes to
irritating phosgene .
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General Anesthetic Act ion--It once enjoy-ed wide use , particularly
in obstetrics. An accurate viporizer is required for good control;
however , such vapor izers  were not avai lable  during the t ime of i t s
popularity. Historically, death occurred early in anesthesia; excited
patients with high catecholamine levels would go into ventricular
fibrillation when chloroform was given .

1. Res~ iratory effects. Rate increases and tidal volume decreases;
resp iration is rapid and shallow .

2. Cardiovascular effects. Myocardial contractility, ca rdiac
output , vascular smooth muscle contractility , and bl ood pressure
decrease. Arrhythmias occur. The myocardium is sensitized to catechol-
amines. Bradycardia and hypotension are danger si gns.

3. Liver. Central lobular necrosis and fatty degeneration fre-
quently cause clinical problems .

Effects of chloro form are similar to those of halothane , but bad
reputation of toxicity has caused its discontinued use. It is contra-
indicated in cardiac , renal , or hepatic disease.

ANESTHETIC GASES

Anesthetic gases are chemicals that are generally present as gases
• at room temperature and must be stored in cylinders under pressure .

Nitrous Oxide (N 20) (4 1H)

Chemical Properties--It is a colorless gas with a sweet odor and
is marketed in steel cylinders as a colorless liquid under pressure.
It is nonexplosive and nonflammable , but will support combustion-. It is
the only inorganic gas that is practical for clinical anesthesia.

General Anesthetic Action - - Its anesthetic action is weak and it
cannof produce surgical anesthesia by itself. The agent is most useful
at 35%-59% when combined with halothane. Care must be taken that the
inspired gas mixture contains at least 20% oxygen.

1. Analgesia. It produces excellent analgesia and is frequently
used by itself iij humans to decrease pain , without decreasing uterine
contraction , during the second stage of labor.

2. Cardiovascular effects. Effects are negligible; ~0% N20slightly depresses myocardial contractility and slightly increases the
response to norepinephr ine.

3. Respiratory effects. Effects are negligible; 50% N20 slightly
e leva tes  the res t ing  minute volume without  a f f e c t i n g  the C02 response.

4. Gastrointestinal neuromuscular, liver, kidney 1 and hemato-
poiesis. Effects are negligible.

N20 is exce l l en t  for basal anesthesia and analgesia if combined
w ith other drugs. If hypoxia is avoided (i.e., diffusion hypoxia) , it
is essenti ally innocuous.
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Cyclop ropane (trimethylene) (4lH)

Chemical Properties--It is a colorless gas with a characteristic
odor and is stored in metal cylinders as a liquid under pressure . It
is heav ier than air, flammable , and exp losive.

Genera l Anesthetic Action - - It is the most potent of the commonly
used anesthetic gases and is an excellent analgesic. There is a wide
marg in  of s a f e ty .  I t  should be used in a c losed-c i rc le  system to
prevent explosive concentra t ions  in the room a i r .

1. Cardiovascular effects. Except for its effects on cardiac
rhythm , effects are relatively beni gn. The myocardium is sensitized
to catecholamines. Many a r rhy thmias , e spec ia l ly  A-V noda l rhy thm and
premature ventricular contractions , are produced. Generally, there is
an increased sympathetic tone with a slightly increased cardiac output
and peripheral resistance . Blood pressure is slightly elevated. Heart
r ate  is normal or somewhat slow .

2. Respiratory effects. No stimulation during induction , and
slightly decreased ventilation during surgical anesthesia.

3. Liver. There is a transient reduction in function as deter-
mined by BSP and glucose tolerance .

4. PVCs. There is an increase as a result of plasma volume de-
crease.

5. Gastrointestinal effects. Tone increases.

Because of its potency and controllability , cyclopropane is a
popular anesthetic despite its explosiveness. It is frequently used in
poor-risk patients with cardiac disease. The addition of curariform
muscle relaxants can reduce the required anesthetic concentration and ,
therefore , si gn i f i can t ly  reduce the danger of arrhythmia. In human
hosp itals , only an anesthesiologist may administer cyclopropane.

ENDOTRACHEAL INTUBAT ION

All animals under anesthesia should be intubated. This procedure
is necessary for e f f ic ien t  adminis t ra t ion  of inhalant anesthet ics  and
for thoracic surgery ; it also enables unrestricted ventilation when
noninhalant anesthetics are administered. Secretions or vomitus are
prevented from entering the trachea , especially when the animal has
lost its swallowing re f lexes .  The endotracheal tube should be le f t  in
the patient following anesthesia until the swallowing reflexes have
returned. Care must be taken that the patient does not chew the tube
and possibly inha le portions into the bronchus .

Endotracheal catheters are available in many sizes and varieties ,
and a wide array should be purchased. A set containing the following
would be a minimum for preparation of all sized patients.

14 French I.D. 3.5 mm 30 French - I.D. 7.8 mm
28 French I.D. 6.5 mm 36 French - I.D. 8.5 mm
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The largest diameter endotracheal tube that will easil y fit into
the trachea should he selected. The ane s the t i s t  should take care not
to insert the tracheal tube too far down the trachea , to prevent the
ti p from entering one niainstem bronchus while occluding the other
b r o n c h u s .

•-\ clear p lastic tube is preferred so that materials (fluids , blood)
i n s i d e  m ay he v i su a l i : c d .  Unc lean  tubes are a source of in fec t ion .
- \ l l  t ubes  s h o u l d  have  an operational cuff. Failure to have a good cuff
or to use the correct size tube may allow leaks around the tube and
result in failure to achieve the desired depth of anesthesia.

Technics

Tracheal  tubes may be p laced  through the larynx w i t h  the aid of a
~a r yn g o s c o p e  o r t i s s u e  forceps , or passed b l i n d l y  using the f ingers  of
one hand to  g u i d e  it into the larynx . The tubes are generally placed
through the oral pharynx into the trachea (Fig. 1), but smaller ones
may be passed through the nose , especially for oral surgery .

ENDOTRACHEAL CATHETER
WITH CUFF INFLATED

I
,

EPIGLOTTIS
TRACHEA

Figure 1. Endot racheal  ca thete r  wi th  in f l a tab le  cuff  in position .

It is easier and safer to intubate after the laryngeal reflexes
have been rendered inactive by anesthesia- -barbiturates administered
i n t r a v e n o u s l y  or gas anesthesia  adminis tered by a face mask.  I t  is
a d v i s a b l e  to spray t h e  l a ryngea l  area w i t h  a local anes the ti c to reduce
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laryngospasm , especially in cats and primates. The tracheal tube should
be lubr ica ted  w i t h  an agent such as K-Y Jelly, or at least moistened with
w a t e r .  A f t e r  the tube is inserted , there may be some coughing from its
phys i ca l  presence in the trachea. Atrop ine sho~uld be administered priorto in tuba t ion  to help prevent vagal s t imu la t ion  and r e f l ex  b r a d y c a r d i a .

A strip of moistened gauze is tied around the tracheal tube and
then tied around the maxilla unless this area is in the surg ical field ,
in which  case the tube can be t ied  to the mand ib l e .  In p r i m a t e s , the
tube may be sutured to the li ps with a sing le stitch.

Miniature swine are difficult to intubate because of their laryngeal
anatomy and the long dis tance f rom the snout to the l a rynx . To enable
v i s u a l i z a t i o n  of the arytenoid ca r t i l ages , the pig is p laced in s t e r n a l
recumbency. Two technicians hold the pig ’s mouth open with gauze strips
and retract the tongue. A portable surgery lamp is directed over the
shoulder of the person intubating the pig so th at t he epi g l o t t i s  and ary-
tenoid cartilages may be seen . A sponge forcep ho ld ing  a 4 x 4 - i n  (10- x
10-cm) gauze sponge is used to clear the pharynx of secretions and then
to grasp and retract the epiglottis. A slightly curved wire stylet is
inserted into the endotracheal tube. The curve of the tube is directed
dorsally into the larynx and then rotated ventrally into the trachea to
bypass the middle laryngeal ventricles. Whereas a large dog cam be in-
tubated with a 40 French tube , miniature swine weighing 30 to 60 kg often
cannot be intubated with a tube larger than 32 French. The key to suc-
cessful intubation of the pig is adequate visualization of the arytenoid
car t i l ages , w i t h  the pig sedated s u f f i c i e n t ly to prevent laryi~geal spasmwhen a tube is passed . Benzocaine (Cetacaine) may be sprayed topically
to help contro l laryngospasm during intubation .

Complications

With intubation , complications due to animal phys io logy  or to
handling technic can occur. Some of these are seen in Figure 2.

Figure 2. Complications of endotracheal intubation : A--Asym-
metrical balloon ; B--Balloon too close to end of
tube ; C--One bronchus occluded ; D--Both bronchi
occluded.

An asymmetrical balloon can force the end of the tube against the
wal l  of the trachea , causing the tube to be occluded. If placed too
close to the end of the tube , a ball oon tha t is ove rinf l a ted will
expand over the end of the tube and reduce gas flow . Overinflation of
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the cuff can traumatize the trachea and obstruct blood flow , resulting
in pressure necrosis. If the tube is jammed into one mainstem bronchus ,
the balloon can block one lung ; if th e en d of the tube i s  occl ud ed ,
both lungs can be blocked.

Internally, a soft tube may double in the trachea and become
c r i m p e d .  E x t e r n a l l y ,  a t ube may be bent over the teeth or at its end
near the connector. A right-angle (90 0 ) connector can prevent this
type of crimping. A recovering patient should be observed frequentl y ;
upon awakening, the patient may bite down on the tube and occlude it.

Laryngeal edema may occur; the cat and primates are especially
susceptible. If edema does occur , it may be treated with steroids and
diuretics ; but the best “treatment ” is a prophylactic (gentle) intuba-
tion technique .

Bradycardia and arrhythmias have been reported because of increased
vagal tone during insertion of the tube. Preanesthetic use of atropine
w i l l  preven t  vagal  s t i m u l a t i o n .

Laryngospasm can be reversed by intravenous atropine . Topical
anesthetics applied to the larynx may help prevent laryngospasm.

INJECTABLE ANESTHETIC TECHNICS

Intravenous Route (82G, l22G)

The area for venipuncture is shaved , cleansed , and disinfected.
A tourni quet is applied or an assistant’s hand is used to immobilize
the vein and prevent venous drainage , thereby causing the vein to dis-
tend . The needle is introduced through the skin and into the vessel
w i t h  the  bevel up,  and should be threaded up the vein. Intravenous
c a t h e t e r s  are easy to use and e l i m i n a t e  the p o s s i b i l i t y  of perivascular
i n j e c t i o n s .  Two types of intravenous catheters are in general use.
The type  selected w i l l  depend p a r t i a l l y  on personal preference and
partially on the intended use to which it will be put .

The Intracath* is a 12-in (30-cm) plastic catheter that fits
i n s i d e  of a 14- , 16- , or 18-gauge needle. Because the catheter As
s m a l l e r  in d iamete r  than the needle , there is a tendency for blood to
leak around i t  after the needle is withdrawn . This disadvantage can
be overcome by taping a co t tonbal l  over the s i t e  of the i n s e r t i o n  to
app ly  s l i g h t  pressure ove r the area .  The co t tonbal l  is u s u a l l y  l e f t
in place several hours after withdrawal of the catheter. A second
piece of tape is placed around the ca the ter  i t s e l f  and then passed
around the leg to anchor the catheter in place and prevent it from
slipping or accidentally being pulled out. Tape around the needle
g u a r d  w i l l  not anchor the catheter because the catheter will slip
freely through the needle. Paper masking tape works well for this
purpose since it does not stick to hair very well and is easy to remove.
Removal of the tape is also facilitated if the free end is turned under
against itself to form a small tab.

~~~ R. Bard , Inc., Murray Hill . N.J.
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Because of its length , the Intracath may be used in the jugular
vein even in large dogs to measure central venous pressure (GYP). It
may also be used in an exteriorized carotid artery (carotid loop) to
sample arterial blood and measure pressure in the aortic arch or
pro ximal descending aorta , or it may be passed percutaneously into the
femoral artery and advanced into the terminal  descending aorta for the
same purpose.

Intravenous catheters of the Jelco* or Longdwell** type fit over
the outside of the needle.  Since these catheters are larger in diameter
than the needle , they are less likely to leak blood around the catheter.
Although the end of the catheter  is beveled down to the needle , it may
be difficult to insert. It helps to slightly nick the skin with a
scalpel at the site of insertion . These catheters may be used to record
blood pressure , collect blood samples , or inject irritating solutions ;
however , since they are only 2-2.25 in (5-6 cm) long , they are too short
to be used for recording the CVP .

Whether making a single IV injection or introducing an IV catheter
for serial or continuous injections , certain veins are easily accessible.
The same veins are not prominent in all species; some veins that  may be
used in certain species are listed below :

P21

Cephalic vein

Recurrent tarsal vein

Jugular vein

Sub l ingual vei n (requires a small-gau ge needle (26-27 gauge) .
A subl ingual  hematoma may develop but can usually be con t ro l l ed
with pressure.

Cat

Cephalic vein

Great saphenous vein (medial side of hind leg)

Jugular vein

Primate (such as rhesus and cebus) 
-

Popliteal vein (posterior surface of “calf” of leg)

Pigs and rabbits

Mar ginal ear vein (on posterior or lateral edge of ear- -not
the center vessel which is an artery)

• * Jelco Labora tories , Raritan , N.J.
** Becton , Dickinson ~ Co. , Rutherford , N.J.
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Large animals (such as horse , cow , sheep , goat)

Jugular Vein

The b a r b i t u r a t e s  are rout ine ly adminis te red  by the int ravenous
route. One half of the calculated dose is injected rapidly (5 to 10
~ccond s)  so that  the animal passes fairly quickly through the excita-
tory stage into li ght surg ical anesthesia. The second half of the dose
is titrated slowly over a period of 5-10 minutes until the desired
d e p t h  of a n e s t h e s i a  is  achieved.  For the barbiturates , the IV route is
best since the desired anesthetic level is achieved rapidly  and the
d e p t h  of a n e s t h e s i a  is easy to t i t r a t e .  In smal l  animals a low-
c o n c e n t r a t i o n  a n e s t h e t i c  should be used to prevent accidental over-
dosage. Commercially prepared solutions may be diluted with sterile
water before injecting. When a sedative preanesthetic such as a nar-
cotic or tranuuilizer is used , the calculated dose of the injectable
anestheti : should be halved.

Apnea sometimes occurs when the barbiturate anesthetics are admin-
istered too rap idly. The larynx should be stimulated or the chest
oripres-.ed to initiate the respiratory reflexes and breathing . If

br e . * ’h i n g  does not  resume , an endot rachea l  tube should be inser ted at
onCe and the animal ventilated. Failure to do so usually leads to
c t rd i j c arrest and death.

The patient should be wei ghed on accurate scales immediately prior
~o h e i i i g  •~n e s t h e t i z e d  so t h a t  the correct dosage can be calculated for

-~n inje ctahie anesthetic. The solution should be prepared to the
desired concentration and accurately labeled with the date it was pre-
pared and the concentration. The percent solution of a liquid
anesthetic is calculated by the number of grams per 100 ml of diluent.
A 5% solution contains 5 g anesthetic per 100 ml diluent , or 50 ing per
m l .  Dosa~ e~ o f injectable anesthet ics , as wi th  all  drugs- , should be
ca lcu 1ate~ i n  m i l l i g r a m s  and not in cubic centimeters  since concentra-
ti ~~ris f various preparations may be different .

Intramuscular Route (69, 87G)

Intramuscular injections are made into the heavily muscled areas
01 t h e  b o d y ,  the most  common s i t e  be ing  the rectus fenioris muscle of
the hind leg. The sciatic nerve should be avoided. Before injecting ,
car e must he taken that the needle is not in a vessel since some medi-
c:iti (,ns are extremely toxic if injected by the intravascular route ,
especially arterial. If blood enters the syringe when the plunger is
withdrawn , th e needle should be withdrawn and placed in a new site.

Anesthetics such as the dissociative agents and certain tranquil-
ize rs and narcotics may be safely administered by the IM route. In
the past , barbiturates have been administered TM because of insuffi-
cient knowledge of the IV technic; but the TM route is not recommended
for these agents. The barbiturates are very irritating to tissues and
are impossible to titrate by any route other than IV. The onset of
barbiturate anesthesia when administered 114 is from 15 to 30 minutes
following injection .
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Intraperitoneal Route (69, 87G)

The injection site , lateral to the umbilicus , is shaved and dis-
infected. A local anesthetic should be infiltrated into the injection
site. An assistant holds the animal in a vertical position so that the
abdominal organs descend toward the pelvic cavity . This route is not
recommended because anesthetics cannot he titrated , absorption is slow
and var iable , and there is danger of injecting the anesthetic into one
of the abdominal  organs .

Intrapleural Route (69, 87G)

The injection site is low in the 8th or 9th intercostal space.
This route is not recommended. Besides the disadvantages of the intra-
muscular and intraperitoneal route for barbiturates , considerable
pathology to the pleura , lungs , and hear t may be produce d .

Subcutaneous Route (SubQ)

The subcutaneous region is located between the skin and muscles.
A fold of skin is held between the thumb and index finger and elevated.
The needle is inserted up to the huh into the fold of skin. The skin
fold may be released once the needle has been inserted.

INHALATION ANESTHESIA EQUIPMENT

There are a number of technics and types of equipment for admin-
istering inhalation anesthesia; the choice for laboratory animals depends
on the animal (body size , circulation , respiration) and the anesthetic
agent. The following anesthetic systems will be discussed:

1 . Semiopen

a. Open drop

b. Boxes and chambers

c. Ayre ’s T tube

d. Magill

e. Masks

f. Insufflation

2. Nonrebreathing

Digby Leigh and Stephen Slatter valves

3. Rebreathing

a. To-and-fro

b. Circle (closed and semiclosed)
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Semiopen Systems

The respiratory system is open to the atmosphere on both inspira-
tion and exp iration . The degree of rebreathing exhaled gases depends
upon fresh gas flow into the system . Open-drop and chamber systems are
seen in Figure 3.

~~~~

Figure 3. Semiopen systems : A--Anesthetic chamber; B--Open-
drop technic.

Open Dr~p (69 , 122)

Equipment: Wire mesh mask is covered with 8 layers of 16-ply
surgical gauze or a cone is loosely filled with cotton to permit un-
restricted air flow during respiration .

Techni c: Liquid anesthetic is dropped slowly and evenly over the
entire mask or cone. Initially the mask is held slightly away from
the face. As induction proceeds , the mask or cone is placed directly
over the nose and face to minimiz e dead space. If breath-holding
occurs , the mask is removed completely from the face to prevent the
accumulation of a high concentration of anesthetic from being inhaled
when the animal resumes r~spiration . Diethyl ether is the agent most
common ly used. Methoxyfiurane may be used for small animals such as
roden ts. Halothane is not recommended because of its potency and the
wastefulness of this technic.
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Advan tages:

1. No valves , therefore little respiratory resistance.

• 2 .  Su i tab le  for smal l , easily restrained animals.

Disadvanta&es:

1. Uneconomical , wastes anesthesia.

2. Va r i a t i on  in anes the t i c  concent ra t ion .

3. No method to support ventilation.

4.  Exh aled CO2 th~ t accumulates in dead space may be rebreathed
unless a source of oxygen is introduced under the mask.

5. Danger of combustion when flammable anesthet ics  such as ether
are us ed.

Boxes or Chambers- -

Equipment: A pledget of cotton soaked with anesthetic may be
placeUfn a Bell jar or beaker that has a lid. The Bell jar should
have a wire floor between the animal and cotton to prevent direct
contact with the liquid anesthetic.

Airtight chambers possess inherent dangers in that the anesthetic
concentration varies depend ing on the size of the box , temperature , and
tidal volume . The animal can become anoxic unless oxygen is supplied.
Ideal anesthetic chambers for small laboratory animals have been adapted
to u t ’l i z e  precis ion vaporizers  and a l low adequate c i rcula t ion  between
the chamber and carbon dioxide absorber (11 , 16 , 119) .

Technic:  Diethy l ether or methoxyflurane may be safely adminis-
tered in a aell jar . The animal is left in the jar until the desired
level of anesthesia is achieved . Potent anesthetics such as halothane
require precision vaporizers .

Advan tages: Ideal for anesthetic induction of rodents and small
animals that are difficult to restrain .

Disadvantages: Vary with the complexity of the system. The simple
Bell jar presents problems of hypoxia, hypercarb ia, and unknown anes-
thetic concentration .

Ayres l Tube (60 , 69 , 121 , 122)--

Equipment: Consists of a T-shaped tube with inspiratory and expir-
atory arms [Fig. 4). The inspiratory arm is connected directly to the
endotracheal tube . The gas source is delivered from a vaporizer. The
bas ic T-tube may be modified as follows :

1. Reservoir tube . Gases are inspired from both the inspiratory
and expiratory arms . To prevent rebreathing of expired gases and pro-
vide proper elimina tion of carbon dioxide , a reservoir tube can be
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a t t a c h e d  to  the  ex p i r a t o r y  arm . The r e servo i r  tube shou ld  be o n e - t h i r d
the  a n i m a l ’ s t i d a l  volume .

2. Rebreathing bag. The reservoir bag aLtached to the expiratory
arm aids in positive pressure ventilation and increases the capacity of
t he r e s e r v o i r  t u b e .

4.” 
D -~~~~~~~1

Fi gure 4. Ayres 1-tube : A--Outflow vent ; B--Reservoir bag ; C--
Exp i r a t o r y  arm ; D- - I n s p i r a t o r y  arm ; B- -Gas source.

Technic: The Ayres I tube is recommended for animals below 5 kg
in weight. Rebreathing of exhaled gases will not occur if the oxygen
flow is greater than the resp i r a t o r y  m i n u t e  volume . When a re -~ervoir
tube is used , the gas flow should be 2.5 time s the respiratory minute
volume , and 3 times the minute volume when a reservoir bag is attached
to minimize rebreathing. A cuffed endotracheal tube enables positive
pressure respiration when the open end of ~he reservoir limb or the
exhaust port on the reservoir bag is occluded.

Advan ta g :~~~
1. No valves are present; therefore , low respiratory resistance~

2. Dead space is minima l in the small T-tube.

3. A n e s t h e t i s t  can rap id ly  contro l the anesthetic concentration .

Disadvantages: Expensive because of high gas and anesthetic flow
rates.

Magill System (18, 60, 69, 122)--

E~uipment (Fig. 5): Consists of a reservoir bag with a capacity
of 8 times the tidal volume , exhalation pop-off valve loc.~ted as close
to the anima l as possible , f l ex ible hose , and vaporizer.

Technic: When the animal exhales and the reservoir bag is max- •

imally distended , the alveolar gas containing high CO2 is at the leve l
of the pop-off valve and is vented into the atmosphere . Adequate gas
flow is needed to prevent rebreathing and to flush gases rich in C02
into the atmosphere . The recommended gas flows are 2 liters/mm for
animals up to 40 4b (18 kg) and 4 liters/nu n for animals weighing more
than 40 pounds.
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A ________

Figure 5. Magill system : A--Gas source ; B--Reservoir bag ;
C--Exh aust valve .

Advantages:

1. Only one exhaust valve with little resistance to respiration.

2. Minimal rebreathing when gas flow exceeds respiratory minute
volume.

Disadvantages: Expensive because of high gas and anesthetic flow
rates.

Masks (69, 81, 122)--

Equipment: A number of masks made of rubber , metal , or plastic
are available commercially. Transparent plastic masks are an advantage
in that the anesthetist can observe the animal ’s face . Masks designed
for cats can be used for rabbits and guinea pigs . The end of a Y-piece
can be placed over a bird ’s beak and used as a mask. Masks should pro-
vide a good seal and contain minimal air space (dead space).

Technics: The animal is restrained as gently as possible , and the
mask is placed near the face . The initial anesthetic concentration is
low . As the animal becomes increasingly sedated , the anesthetic concen-
tration is increased and the mask is placed snugly over the nose and
mouth. Induction is begun with 75% nitrous oxide and 25% oxygen ,
followed with halothane or methoxyflurane . Halothane is started at
0.25% and gradually increased by 0.5% increments up to 2%-4%. Following
induction the nitrous oxide is reduced to 50% and halothane is adjusted
to a mainten ance dose of l%-2.5%. A similar technic is used with
methoxyf l u ane , with induction concentration increasing by increments
up to 1.5% and maintenance at 0.25%-0.75%.

Insufflation (69)

Eguipment: Vaporizer , delivery tube , mask , or small endotracheal
tube without a cuff. The airway must not be restricted.
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Technic:  I n d u c t i o n  is by preanesthetic sedation or mask. The
anesthetic mixture plus room air is inhaled through and around the
loose-fitting mask or small endotracheal tube. The exhaled gases pass
around the endotracheal tube or mask into the atmosphere .

Gas flow should be 2 times the minute volume to prevent rebreath-
ing and to enable adequate flushing of expired gases into the atmosphere.

Ad van tages:

1. Minimal dead space and restrictions to breathing if the cathe-
ter is small.

2 .  S u i t a b l e  for  sma l l  laboratory animals in which dead space and
a i r w a y  r e s i s t ance are c r i t i c a l  fac tors .

Disadvantage s:

1. Waste of ‘~as and anes thes ia .

2. Loss of body heat and airway moisture .

3. I n a b i l i t y  to control  or ass i s t  breathing .

4.  Unknown a n e s t h e t i c  concen t r a t ion  due to d i l u t i on  w i t h  room a i r .

Nonrebrea th ing  Systems (60 , 69 , 121 , 122)

These sys tems contain both an i nha la t ion  and exhala t ion  valve ,
which prevents mixing the anesthetic mixture with atmosphere or exhaled
gases.

Equipment- -There are several basic designs (Ruben , Lewis-Leigh ,
Digby-Leigh , Stephen-Slater) . Equipment includes vaporizer , reservoir
han . i nhalat ion and nonrebreathing exhalation valves , and endo tracheal
tibe. The reservoir bag is located between the vaporizer and the non-
r eb r e a t h i n g  va lve .

Technic--This technic is ideal for animals weighing less then 7 kg .
The gas flow is adjusted so that the reservoir bag does not completely
col]apse on insp i r a t i o n .  If the gas flow slightly exceeds the minute
resp iratory volume , rebreathing is minimal. Excess gases will leak out
through the low-resistance expiratory valve . Respiratory assistance is
achieved  b y c lo s ing  the exhala t ion  valve and manually compress i ng the
reservoir hag.

Ad van tages:

1. No accumulation of carbon dioxide .

2. Rapid induction ; inhaled anesthetic mixtures are not diluted
b y exhaled gases.
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3. Small dead space , only up to inhalation valve .

4.  L i g h t w e i g h t  valves  produce minimal respiratory resistance .

Rebreathing Systems (60, 69 , 121 , 122)

The r eb rea th ing  sys tems are c l a s s i f i ed  as closed or semiclosed.
In the closed system there are no leaks , and only f resh gases in amounts
necessary to supply the animal’ s metabolic needs and maintain anesthesia
are added. In the semiclosed system , part of the exhaled gases are
passed back into the system and par t  escape into the atmosphere . Wi th
high oxygen flows , the semiclosed system approaches a nonrebreathing
system , with most of the expired gases being flushed through the pop-off
valve out of the system . For both the closed and semiclosed systems ,
the carbon dioxide is chemically removed from the exhaled gases before
they are r ebreathed.

Two basic types of anesthetic machines are used , the t o - a n d - f r o  and
the circle systems .

To and Fro (69 , 122)

Equipment :  A reservoir  bag , CO2 absorbent canister , pop-o f f  va lve ,
inlet for fresh gases , flow me ter , and vaporizer (Fig. 6).

B
A R

F

• 
Figure 6. T o - a n d - f r o  rebrea th ing  sys tem:  A --Oxygen  supply;

• B--Flowm eter; C--Vaporizer; D--C02 absorbent ;
B - - P o p - o f f  valve ; F- -Reservoi r  bag .
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Advantages:

1. Efficient CO2 absorption since both inspired and expired gases
pass through the soda lime .

. Conserva t ion  of body hea t  and mo i s tu re .

3. R e b r e a t h i n g  h ag convenient  for  a n e s t h e t i s t s.

4. Valves  are not necessary .

Disadvantage s:

1. Dead space with animals weighing less than 30 lb (14 kg).

2. Heat produced by the C02 absorber (its proximity may allow the
animal to become overheated).

Ci rc le  (60 , 69 , 121 , 12 2 ) - -

E q u ip m e n t :  A reservoir  bag , CO2 absorbent canis ter , u n i d i r e c t i o n a l
inhalation and exhalation valves , breathing tubes with a Y-p iece , inlet
for fresh gases , pop-o f f  valve , and pressure manometer ( F i g .  7 ) .

B
A

1.
~~ i”~~w~ T

~~J~~~G 1/
[ J  ‘ F

Fi gure 7.  Circle system : A--Oxygen supply ; B- -Flowmeter;
C - - V a p o r i z e r  (out  of c i r c l e ) ;  D - - C 0 2  absorbent ;
I - - P o p - o f f  v a l v e ; F - - R e s e r v o i r  bag ;  G - - E J n i d i r e c - -
t i o na l  va lve .

Advan t ages :

1.  Conservation of body heat and moisture .
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2.  Economical  use of a n e s t h e s u a .

Disadvantage: Dead space is large for small am imil s.

C02 Absorbent Cani ster (121)

In a rebreathing system , the carbon d i ’~- id c gener. iten ‘- ~ the
patient must be removed; for this , a CO2 absorbent c .inls’-e r cc - ’ •‘ ‘

either soda lime or Baralyme is used. Soda lime is a mu~~tu ri~and calcium hydroxide . Baralyine consists of barium and calcit Pi dro s
ide ; it produces less heat and is less caustic than snd-~ h i p  In t ’ .c
canister , C02 combines with water to form carbonic acid ~.hich is neutral
ized by 0 H .

The average canister is effective for 3-6 hours of con’’ntiou~
anesthesia , depending on the size of the animal. ‘Inst CO2 i~ s rber s
contain an indicator that changes color as the chemicals ii exhau~- te d(usua l ly  from white to pink to violet); however , this color change may
rever t  on s tanding to a “safe ” color , so the color of the chemicals can
be m i s l e a d i n g .  The chemicals should be examined after each use and
replaced if one-half has changed color. Active absorbents :an be
easily crumbled between the fingers; with loss of activity , they become
hard and b r i t t l e  carbonate s a l t s .

If the absorbent becomes exhausted du r ing  a surgical procedure ,
the patient will become hypercapnic (elevated CO2) without signs of
cyanosis since adequate 02 is being administered (69). Elevated C02
levels , if uncorrected , will produce acidosis , cardiac arrhythmias , and
eventually cardiac arrest. Signs observed during hypercapnia are ele-
va ted hea rt ra te and blood pressure which may produce increased bleed-
ing at the surgery site. The respiratory tidal volume may also increase.
These signs may be misinterpreted as indicating the patient is not
receiving adequate anesthetic. A further increase in anesthetic at
this time , combined wi th  the elevated C02 , would caus e the adverse
effects to progress at a faster rate.

The following recommendations have been made for proper packing of
the canister to increase the eff ic iency of the absorbe nt (122):

1. The canister should be tapped gently as it is being filled to
permi t  maximum filling. Open spaces do not absorb C02 and let it be
recirculated to the patient.

2. The opening through wh ich the absorbent is poured should be
large enough to prevent fragmentation of the granules.

3. Supply stocks of the absorbent should be resealed tightly.
The mo is ture content of the absorbent is impor tant because C02 mus t
combine with water to form carbonic acid.

4. The canister should not be filled with an absorbent that is
too dusty. After the canister is filled , dus t should be removed by
blowing through the canister.
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Vaporizers (121)

The concen t r a t i on  of a v o l a t i l e  ane s the t i c  agent  de l i ve r ed  from a
vaporizer depends on several factors: (1) the ch aracter isti c v apor
;~ressure of the anesthetic agent and the liquid temperature ; (2) the
evapo r atio n surface o f the vapo r i z er ; (3) the level of the ane sthetic
a~’e n t ;  and (4 )  the f low of the  ca r r i e r  gas through the v a p o r i z e r .

The s a t u r a t e d  vapor pressure varies with the liquid temperature ,
increasing as temperature rises. As the saturated vapor is removed
from the vaporization chamber and evaporation takes place , the li quid
temperature falls. This will change the pressure of the saturated vapor
and less will be available for dilution ; therefore , one of the most
important functions of a vaporizer is to maintain a constant liquid tem-
perature , desp ite the cooling process of vaporization.

The evaporation surface of a vaporizer can vary with design . In
the more simple glass vaporizers , it may be limited only to the gas -
l i q u i d  i n t e r f a c e  c rea ted  by the diameter of the bottle. Under this
small interface , the output of the vaporizer will be l im i t ed . The vapor-
ization surface can be increased without enlarging the vaporizer by
p lacing a series of wicks into the vaporization chamber , thus increasing
the surface area for evaporation , or by placing a bubbler in the system ,
enabling the gas to bubble through the liquid anesthetic.

A disadvantage of the g l a s s  vaporizer  is tha t  the concen t ra t ion  of
a n e s t h e t i c  vapor de l ivered  is not constant and will vary with the flow
of oxygen , the temperature of the anesthetic liquid , and the amount of
l i qu id  anes the t i c  conta ined w i t h i n  the vapor ize r .  When a high gas flow
is used , the temperature  of the anesthet ic  l iquid  w i l l  decrease rapidly
during vaporization unless an external source of heat is provided; a
drop in concentration of vapor parallels the temperature change. The
thermal conductivity of glass is poor , and heat is not readily conducted
i n t o  the l i q u i d .  A more cons tant  tempera ture  can be ma in t a ined  by
adding an external source of heat or by substituting a metal container
for the glass container (Copper Kettle). If temperature changes can be
prevented , a constant output can be anticipated from any vaporizer.

The deficiencies of the glass vaporizers are partially eliminated
in the precision vaporizers (the thermocompensated vaporizers and the
“heat sink” vaporizers ; i.e., Fluotec , Pentec , Fluomatic , Pentomatic ,

— and Ethermatic vaporizers). These enable delivery of a controlled
concentrat ion of anesthetic vapor for a long time , independent of ambi-
ent temperature and carrier gas flow.

Vap ori zers for halo thane mus t be finely calibrat ed s ince halo thane
ha~ hi gh vapor  pressure and is highly volatile . High concentrations can
he obtained even at low oxygen flows . The following vaporizers are used
f o r  d e l i v e r i n g  ha lo thane  (122) :

1 . lluotec Mark I (Fraser Sweatman , Inc.): temperature compensated.
D i i i  ‘~ett ings for percent del ive ry do not correlate wel l  w i th  output
concentrations when flow rates are below 4 liters/mm .
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2. Fluotec Mark II (Fraser Sweatman , Inc.): both temperature

and f low compensated.  Cons i s t en t  concentra t ions  of halothane are
delive red at both high and low gas flows .

3. Fluonatic (Foregger): temperature and flow compensated. Good
c o r r e l a t i o n  between anesthetic concentration and dial settings at flow
rates above 1 liter/mm .

4. Copper Kettle (Foregger) : anesthetic concentration determined
by a slide - rule calculator containing variables for total gas flow , gas
flow delivered to the vaporizer , anesthetic partial pressure , and
vaporizer temperature .

Methoxyflurane has a low vapor pressure and needs a large surface
area or a high gas flow to deliver adequate concentrations of anesthetic.
Methoxyflurane may be safely delivered by nonprecision vaporizers or the
open-drop technic. The following vaporizers are used for delivering
methoxyflurane :

1. Pentec (Fraser Sweatman , Inc.): calibration curves established
for gas flows of 5 liters/mm . Gas flows for snall animals are usually
below S liters .

2. Pentomatic (Foregger): similar to the Fluomatic.

3. Copper Kettle (Foregger): excellent for methoxyflurane .

4. Glass vaporizers designed for diethyl ether are satisfactory
for methoxyflurane. They are uncalibrated; therefore , the anesthetic
concentrat ion is unknown .

The vapor izer  may be located either within or out of the circle.
In-circle vaporizers u t i l i z e  the animal ’s t i d a l  volum e to vaporize the
anesthetic , while out-of-circle vaporizers use fresh oxygen being
delivered to the circle. The out-of-circle vaporizers possess a number
of advantages over the in-circle.

Table 1 compares the effects of ventilation , fresh gas flow , and
different types of vaporizers with the location of the vaporizer (out-
of-circle or in-circle) (122).

Troubleshoot ing

If the patient fails to go under anesthesia , the following areas
should be checked:

1. Endo t rachea l  tube in esophagus.  Palpate esophagus or visually
examine the pharynx . The p a t i e n t  will usually cough when tube is in
larynx during induction period . If an animal that has been intubated
is mak ing any k ind of sound, such as wh ining or snor ing , the endo-
tracheal tube may be misp laced and should be checked and repos itioned
prope rly. In a properly intubated animal , the larynx and oral cavity
a re bypassed and no sound can be made .
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2. Anesthetic level in vaporizer too low . The anes the t i c  should
he above bottom of wick in a methoxy flurane vaporizer. When filling
v a p o r i z e r , d i sconnec t  from p a t i e n t  to prevent an excessivel y high anes-
thetic concentration being given.

3. Defective valve in vaporizer allowing oxygen to bypass. The
anesthetic odor should he noticeably stronger when the vaporizer is
turned on high .

4. Inhalation breathing tube disconnected from vaporizer or endo-
tracheal tube.

5. Oxygen turned off.

6. Water on vaporizer wick (methoxyflurane), usually caused by
maintaining too low a level of anesthetic in vaporizer.

7 . Hypercarbia (excessive CO2 in blood). CO2 absorber is defec
tivt or not full , or ventilation is poor.

If the patient is under anesthesia too lightly even with vaporizer
turned on full , check the following:

1. Endotracheal  tube down too f a r .  The tube may be i n t o  one
bronchus and delivering anesthetic to only one lung .

2. Endotracheal tube too long. If the tube extends very far
beyond incisors , it will produce excessive dead air space . This may he
c r i t i c a l  in sma l l  an ima l s .

3. Too small an endotracheal tube . The largest size that will
conveniently pass into the trachea should be used.

4. Cuff on endotracheal tube not inflated or not inflated ade-
quatel y. If the cuff is not inflated properly, you can hear air exhaled
f rom l a r y n x  around the tube and detect odor of the anesthetic agent from
the patient’ s mouth .

5. Bypass valve in vaporizer not working properly, aflowing too
much oxygen to bypass the vaporizer.

6. Broken gasket or leaking gasket on vaporizer jar (methoxy-
flurane).

7. Leak around soda-lime canister.

8. Leaks around breathing tubes , rebrea thing bag , or holes  in the
bag.

9. Leak around the connector.

10. Y connecter valve may be open.

11 . Valves sticking (interrupts circle breathing).

12. Water on vaporizer wick (methoxyflurane).
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TABLE 1. COMPARISON OF IN-CIRCLE AND OUT-OF-CIRCLE LOCATIONS

~~porizer out of circle Vaporizer in circle

Ventilation

a. Changes in vent i la t ion  wi l l  not a. Sudden changes in ventilation
a f f e c t  the output of the can produce dangerously hi gh
vaporizer , inspired concentrations.

b. An increase in ventilation will b. An increase in ventilation due
reduce inspired concentration to light anesthesia will
because of an increased uptake automatically increase the
of anesthetic agent by the inspired concen t ra t ion .
an imal and a constant output
of the vapor izer .

c. Assisted or controlled ventila- c. Assisted or controlled venti-
tion can be used with a l a t ion  at any given s e t t i n g
greater degree of safety. will greatly increase in-

spired concentrations.

Fresh Gas Flow

a. For any setting, the lower the a. For any setting , the lowe r
fresh gas flow , the lower the fresh gas flow , the
will be the inspired concen- higher the inspired concen-
t r a t ion  being del ivered from tration . The lower the
the vaporizer. The lower fresh gas flow , the greater
the fresh gas flow , the the economy .
greater  the economy .

b. Economy does not introduce the b . Economy is at the expense of
r i sk  of high concentrations . potentially high inspired

concentrations.

Vaporizer

a. High-efficiency vaporizers are a. Low-efficiency vaporizers ran
— essential . be used.

b. Known concentrat ions  can be b.  Cal ibra ted  vaporizers  are
del ivered to the breathing meaningless because ventila-
c i r cu i t , and an e s t i m a t e  of t ion a f fec t s  the inspired
the inspired concentrations concentration to a marked
can be made w i t h  no degree .
difficulty.
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Equipment Maintenance

Pr ior  to Use - -A rou t ine  functional check should be performed before
each procedure .

1. Check the 02 and N20 sources to assure adequate gases to com-
plete the contemplated procedure . Turn on the valves and check the flow -
meters for proper operation .

2. Assure that there is adequate volatile anesthetic agent in the
vapor izer .  The f l u i d  leve l should cover the wick or bubbler (methoxy-
f l u r a n e ) .

3. Check the C0 2 absorber (soda lime or Baralyme) for  level and
color change to assure adequate C02 absorption .

4. Check the one-way valves by inhaling and exhaling through the
trachea tube adapter . These valves can stick .

5. Check the pop-off valve . It should be open unless thoracic
su rge ry  i s  con templa ted .

t~. Check the endotracheal tube for cleanliness , correct size ,
patency , and a functional inflatable cuff.

A f t e r  Use - -A routine procedure should be performed.

1. Turn vaporizer control to OFF .

2.  Turn gas (02 and N20) pressure valves to OFF. They should be
closed tightly or the gases will escape through the flowmeter valve .
Note: Always turn off the pressure valve before turning off the
flowmeter valves.

3. Turn off the flowmeter control valves. Thtse controls -are
fine needle valves made of soft brass and should be only finger tight.
Excessive tightening deform s the valve , caus ing inco rrec t flow , and
will not prevent the gases from escaping while the machine is not in
use if the pressure valve is inadvertently left on.

4. Check the C02 absorber and replace it if the color change is
extensive . The color change is best checked at the end of a procedure
because some of the color will change back before the machine is used
again.

5 . Refill vaporizer (methoxyflurane or halothane) with corre ct
amount of agent. (If ether , discard at end of 1 day ’s use.) The
volatile agents cause deterioration of rubber and plastic parts of the
anestheth. machine; these agents should be drained from the vaporizer
and the  removable tubing flushed when the machine is not in use.

6. Cover the machine to avoid dust accumulation which may alter
efficient operation (especially if the machine is not used frequently).

7. Keep mach ine , cont ro ls, and al l  accessories clean and free of
blood and h a i r .  The preservative in halothane and methoxyf lurane
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leaves a sticky residue that will cause yalves to stick . The vapo-
rizers should be flushed weekly with ether to dissolve the residue .

8. Flush or brush endotracheal tube after each procedure . Avoid
getting water into the cuff. Do not immerse the tube in water; the
cuff will stick and may not inflate properly. There have been reports
of infectious tracheitis spread by dirty endotracheal tubes.

INHALATION ANESTHES IA TECHNIC

Halothane

Premedicate--Atropine (0.04 mg/kg) or scopolamine (0.01-0.02 mg/kg) ,
alone ; or atropine or scopolamine , plus dissociative agents (primates),
narcotics , or tranquilizers as desired.

Deni t ro~ e n a t e - - l 0 0 %  02 for  2-3 minutes with frequent bag flushes.

Ind uct - -

1. With a mask:

a. Up to 80% N20 (increased slowly to 80 % ) and 20% 02 for  no
longer than 2-3 minutes (to prevent induction hypoxia), fo llowed by:

b.  50% N20 and 50% 02 wi th  3% ha lo thane , given un t i l  intuba-
t ion is poss ible (swa llowing reflex abo lished).

c. In tuba te  and continue induction un t i l  the desired surgical
stage of anes thes ia  is reached.

2. With a barbiturate: After induction with an IV barbiturate ,
in tuba te , deni t rogenate , and go s t ra ight  to maintenance levels of gas
anesthetic.

Maintenance--35%-50% N2O and S0%-65% 02 with 0.5%-2% halothane
( i . e . ,  35% N20 and 65% 02 plus the desired concentra tion of halo thane ;
up to 50% N2O and 50% 02 with the desired concentration of halothane
to maintain surgical anesthesia). Total gas flow should be high enough
so that the bag occasionally requires emptying . Oxygen flow should b~high enough to supply the patient ’s metabolic requirements.

Recovery- -About 10 minutes from complete closure of the skin
incision, turn off the halothane and maintain patient on 35%-50 % N20
and 50%-65% 02. When the skin incision is closed , turn off the N20 and
maintain on 100% 02 for at least 2-3 minutes (to prevent diffusion

— 
. hypoxia from the N2 O leaving the body rapidly) ; then af ter  the first

2-3 minutes of bagging with 100% 02 to keep the patient  well  venti lated ,
stop bagging and allow C02 to build up in the pat ient until spontaneous
respiration returns . (May require 2-3 minutes with only an occasional
squeeze on the bag before CO 2 will build up enough to start the res-
piratory dr ive . )  A Pa~ø, s l igh t ly  higher than normal may be required
due to an increased thre~ho1d of the drive mechani sm to C02 . An occa-
sional animal may not return to spontaneous respiration within a few
minutes , and a respiratory s t imulant may be helpful in such ins tances .
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A f t e r  spontaneous resp i ra t ion  returns , turn off the gases and
complete the routine for shutting down the anesthesia machine . Extubate
th e j~atient when the swallowing reflex returns.

Me thox yf l u r ane

The technic for administering methoxyflurane is similar to that
for halothane . Methoxyflurane may be used in a glass bubble-through or
w i c k  v a p o r i : e r .  Since 3 % - 4 %  is the highest concentration possible at
room temperature , the vaporizer is turned on high until surgical ames-
thes li is attained. Then the concentration is turned down for mainte-
~~~~~~~~~~~~~ 

Glass vaporizers are not calibrated. The numbers on them (1-10)
on 1 v show the d i rec t ion  to turn the valve to increase or decrease the
anesthetic concentration . Since the solubility of methoxyflurane is
gre~it ei than that of halothane , induction , recovery , and changes in
anesthetic level will be slower than with halothane .

VENTILATING THE ANESTHETIZED PATIENT

Normal resp iration is passive . The intrapleural pressure is
always suhatmosp heric and fluctuates with the respiratory cycle (Fig. 8).
The negative pleural pressure relative to atmospheric pressure varies
from -4 to -8 cm H20 at the height of insp iration and from -2 to -4 cm
1J20 at the end of expiration as the chest wall expands and contracts.
The e l a s t i c  lungs  expand as the in t rapleural  pressure decreases , allowing
air to passively enter the lungs. Expiration is due to passive relaxa-
tion of the chest.

A

EXPtRATION
INSPIRATION

Figure 8. Passive ventilation . Pleural pressures are sub -
atmospheric compared to lung pressures.

When gener al anesthes ia is induced , respiration become s shallow and
weak and alveolar units begin to collapse. The reflex-induced large
brea th  (yawn or s i g h )  disappears or is infrequent and ineffective . Dur-
ing surgery  the position of the patient and the use of retractors may
furthe r interfere with respiration. It is important that the anesthe-
t i s t  m a i n t a i n  the st ructu r a l  in tegr i ty  of the lung by replacing the
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yawn with intermittent deep inflations and by augmenting the tidal
vo lume . Tida l volumes of 6 mi/k g are p robably adequate to prevent the
co l l apse  of the  lung and the development  of a t e l e c t a s-I s .

Physiolog ical dead space consists of the tracheobronchial tree
(anatomical dead space) and nonperfused alveoli (alveolar dead space)
where gas exchange does not take place. The gases composing the physio-
logical dead space , which are inhaled and exhaled with each breath , do
not contribute to respiratory exchange and constitute wasted ventilation .
The anesthetist may increase this dead space during anesthesia. Pre-
medication with atropine may increase the anatomical  dead space by 20%
to 50% , depending on the state of the vagal tone and the dose admin-
istered. Masks used for induction of anesthesia and other resp iratory
apparatus constitute variable additions to mechanical dead space , wh ile
the process of tracheal intubation eliminates a large fraction of the
a n a t o m i c a l  dead space (unless the tube is too long) . General ly , the
reduction in dead space by tracheal in tuba t ion  is of the same order as
the increase in dead space due to the effects of anesthesia. The
respiratory dead space constitutes 30%-40% of the tidal volume for
normal or increased tidal volumes. In pontaneously breathing animals ,
however , the e ffec t of general anesthesia is us~ually to decrease thet i da l  volum e , and in these c i rcumstances  the e f f ec t i ve  dead space or
wasted ven t i l a t i on  may cons t i tu te  more than half of the tidal volume .
A large dead space combined with shallow r.~spiration (small tidalvolume) results in the animal rebreathing the same gases which it has
attempted to exhale. It is generally better to ventilate at a tidal
volume larger than indicated and at a slower respiratory rate than the
awake animal selects.

The anesthetist can provide adequate arterial oxygenation without
ventilating the patient by enabling 100% oxygen to flow into the lungs.
Ventilation , however , is still required to remove carbon dioxide . The
tension of carbon dioxide in the blood (PCO2) can be used tu measure the
efficiency of ventilation . When the animal is hyperventilated , carbon
dioxide is removed from the body faster than it is being produced ,
resulting in respiratory alkalosis (low 

~~~~~~~~~~~~ 
high pH). Carbon dioxide

removed at a rate less than the rate of metabolic production , because
of hypoventilation , results in respiratory acidosis (high PCO2, low pH ) .
Changes in pH may lag behind those of the Pace-, bec au se of renal com-
pensation (i.e., change in rate of excretion aild retention of HC03
and/or H~). Small immediate changes in acid-base balance are controllc 1

by the  lungs , whi le  larger long-term changes are controlled by the
kidneys . Ven t i l a t ion  dur ing anes thes i a  is , thus , a breath-by-breath
contro l of the patient’s acid-base balance.

Considerable resistance to breathing is added by any breathing
circuit used during ane~ thesia. The best modern circle rebreathing
systems- -with jumbo-size carbon dioxide canisters and large-bore corru-

.5 ga ted tubing and low-r e sis tan ce , li ghtweig ht , one-way va lves--double
or triple the overall resistance to brea thing. Nonrebreathing circuits
with the valves designed for man are only slightly better.

To m inimize al veolar collapse , hypoxia , and acido s is , the tidal
volume should be la rge . The lightly anes thet ized an imal common ly
brea thes rapidly and shallowly . These factors constitute a strong
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argument  t o r  a ss i s ted  or con t ro l l ed  resp i ra t ion  during ba lanced  gen er al
a n e s t h e s i a .  The ra te  of v e n t i l a t i o n  should be monitored by determining
arterial pH and blood gases to prevent an acid-base imbalance from
developing.

“Intermittent Positive Pressure Breathing ” (IPPB) is the tern used
to desc r ibe positi ve pr essure re sp ir ation produced by ma n u a l l y squee z-
ing a r e se rvo i r  bag or b y us ing  a r e s p i r a t o r .  Wi th  IPPB , the a n i m a l ’ s
resp i r a t i o n can be ass i s ted  or c o n t r o l l e d .  W i t h  as sisted respiratio n
the an imal  b rea thes  spon taneous ly ;  the a n e s t h e t i s t  o c c a s i o n a l l y  increases
the t i d a l  volume by squeez ing  the reservoi r  bag every 20 -30  seconds .
Assisted respiratlor dilates the alveoli , which may have collapsed , and
assists in removing carbon dioxide . The anesthetist initiates contr~ 1led
r e s p i r a t i o n  by v e n t i l a t i n g  the animal  to l owe r the PCQ2 to a leve l where
it no l onge r  s t imu la t e s  the resp i r a to ry  d r ive  mechan i sms . The a n i m a l
ceases to b reathe on his own and the anesthetist “breathes ” for him.

Positive pressure respiration may alter venous circulation to the
heart. The intrapleural pressure is relatively negative during unassist-
ed insp iration (-6 cm H2O) compared to expiration (-2 cm 1-120). Venous
r e t u r n  and ca rd iac  output  increase  w i th  insp i ra t ion  because of decreased
ex t e rna l  p re s su re  on the t h i n - w a l l e d  veins in the t h o r a c i c  c a v i t y  and
lurgs. When respiration is assisted by positive pressure , the lungs
dilate by internal pressure. At 20 cm H20 pressure , the lung cap il-
l an es are closed and venous return to the heart is greatly reduced ,
adversely affecting cardiac output .

When a thoracic incision is made , the subatmospheri . pressure in
the chest equalizes with the atmosphere ; therefore , the pressure on the
inside of the lungs is the same as that on the ou ts ide  ( F i g .  9). Under
these conditions , the expansion and contraction of the chest wall has no
effect on the intrapleural pressure ; for adequate ventilation , air must
be forced into the lungs by means of positive pressure ventilation .

A
~~
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THORACIC IN CISION
Figure 9. Thoracic inci sion . Pleural (A) and lung (B) pressures

are e q u a l .  P o s i t i v e  pressure  v e n t i l a t i o n  is required
for  v e n t i l a t i on .
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The following guideline s should be used when respiration is
controlled in an anesthetized animal:

1. Divide the resp i ra to ry  cycle into a ratio of insp iration (1/3)
and exp i r a t i on  (2/ 3)  to ensure an adequate t ime interval for venous
return during exp iration .

2. Produce inspiration by a rapid strong squeeze on the reser-
voir bag to bring the inspiratory pressure up to 15 cm 1120. Then
re lease  the bag immediately so that the pressure returns to zero ,
thereby increasing the time period for venous return . An animal should
not  be bagged at pressures ove r 20 cm H2 0 unless  for  a spec i f i c  reason ,
such as reinflating an atelectatic lung after it has been packed off.

3 . For a dog ,  the respiratory (bagging) rate should be between
1 5 - 2 0 / m m . The rate should  not be more than 20/mm unless intentional
hy p e r v e n t i l a t i o n  is desired , as for brain surgery where a deliberate
resp iratory alkalosis (low P

~o2) may be desired to decrease blood flowto the brain and surgical field. The optimum respiratory rate will
vary  w i t h  th e species  and su rg ica l  procedure .

Respiratory volumes for laboratory animals have been measured and
a f o r m u l a  was der ived which gives a relatively satisfactory correlation
between weight and respiratory volume : Respiratory volume per minute
in  c u b i c  c e n t i m e t e r s  = 2 . 1 0  x weight  ( g r a m s ) .

me average resp i r a t o r y  volumes t ha t  were measured were : (47 )
- Resp vol / mm (cm 3

Wt (g) Resp/min Tidal air (cm 3) Actual Calculate

Mice 19.8 163.4 0.15 24.5 19.9

Cotton
rats 76.8 94.5 0.35 39.6 55.5

Hamsters 91.6 73.6 0.83 60.9 62.1

White
rats 112.8 85.5 0.87 72.9 72.9

Guinea
pi gs 466.0  90 .3  1.75 155.6 210.6

Rabbits 2069.0 800.0 634.0

Monkeys 2682.0 40.0 21.2 863.0 785.0

Tidal volume has been calculated by multiplying the factor
0.0062 x body weight (1).
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MONITORING ANESTHESIA

For safe administration of general anesthetics , the patient must
he oh~ erved for various change s in reflexes . A somewhat predictable
seque. ce of events occurs from the early stages of anesthesia to the
stage of complete medullary paralysis w it h  resp i ra tory  or cardiac
arrest. Un fortunately, the sequence of signs indicating depth of anes-
thesia will vary between the individual patient , species , type of
anesthetic , and preanesthetic agents.

Determination of anesthetic depth is important in establishing
criteria for safe anes thes ia .  Many reflexes  and the re laxat ion  of
certain musc le  groups occur at various levels of anesthesia , and being
a~ are of the cessation of function of these protective reflexes is
important in anesthetic management .

The sequential effects of increased arterial concentrations of a
general anesthetic a --e :

1. Anal gesia and amnesia.

2 . Loss of consciousness and motor coordination .

3. Reduction of protective reflexes.

4. Blockage of afferent stimuli.

5. Muscular relaxation .

6. R e s p i r a t o r y  and card iovascula r  depression .
-
. Depression of cardiovascular and respiratory reflexes.

8. Apnea.

9 .  Ca rd iac  s t a n d s ti l l .

The dept h of anesth esia may al so he ~1ass i f ied  by four  stag~~ :

1. I n d u c t i on and anal g e s i a .

a. Beginning of anesthesia to the loss of consciousness

b. Anal gesia and consciousness with disorientation (subjective
in  n a t u r e  and can be r e l a t ed  on ly  to m a n )

2. Delirium or involuntary movement.

a. Loss of consciousness and subsequent excitement (delirium
and uninhibited actions).

3. Surgical anesthesia. Divided into planes or levels character-
i zed by a progressive depression of respiration , circulation , protective
r eflexe s , and musc l e  tone .
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4. Death. Respiratory arrest followed by circulatory arrest.

The following systems and reflexes are monitored to control the
depth of anesthesia.

Cardiovascular System

Cardiac Auscultation- -With esophageal stethoscope or stethoscope
positioned on the chest wall , listen to type, characteristics , and change
of heart sounds .

Heart or Pulse Rate--Determine every 10-15 minutes. Cardiac moni-
tors which respond to high-voltage R waves (beepers) are frequently
used. Such monitors indicate only the heart rate ; they do not give
early warn ing of many impending conditions , nor do they differentiate
between fibrillation and cardiac standstill.

Arte r ia l  Blood Pressure--Measurement  can be direct  ( i n t r a - a r t e r i al
catheter to mercury manometer or pressure transducer) or indirect
(sphygmonianometer) . Pressure is the product of cardiac output and periph-
eral arterial resistance (P CO x R). Peripheral resistance
frequently maintains a deceptively normal arterial pressure during
low-cardiac-output shock.

Central Venous Pressure- -CVP can be measured with a water manometer
connected to a centrall y positioned intravenous catheter and indicates
the e f f e c t i v e n e s s  of the cardiac  pump in re la t ion to the c i r c u l a t i n g
blood volume . D u r i n g  periods of hypotension , fluids may be administered
i f the CVP is low ‘~r no r m a l .  Fluid administrat ion should be slowed or
stopped if the CVP begins to rise above normal .

Capillary Refill Time- -Place pressure on the oral mucous membranes
to produce blanching. The length of time for  the normal color to re-
turn is the capillary refill time . A delayed refill time indicates
arteriolar constriction seen during hypotension or shock .

Oral Mucous Membranes-- Paleness indicates hypotension or shock .
Bluish ness indicates poor ventilation and low P02.

Electrocardiograph (ECG)--Potential cardiac trouble (indicated by
arrhythmias and changes in wave form), cardiac arrest , and fibrillatioi.
are displayed and may be d i f f e r e n t i a t e d  on a cardiac monitor (strip
chart or oscilloscope) .

Respiratory System

Tidal Volume- - May be measured with a ventimeter mounted in the
expiratory circuit of the anesthesia machine , an excellent indication
of respiratory ventilation . Tidal volumes may be added consecutively
so that minute volume is also measured.

Blood Gases- -These (P~2 and 
~CO2) depend on the interrelationship

w ith the resp iratory sys tem , c ircu latory sys tem , and cellular metabolism.
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-~~ I t  is poss ib le  to m a i n t a i n  a normal Po; and still have the pa t i en t
de t e r i o r a t i n g  w i t h  a hig h PCO2 if v e n ti l a t i o n  is inadequate to carry
off  the  COB . Other  blood tes ts include pH , lactates and pyruvates and
t h e i r  r a t i o , base excess and equ iva len t , s tandard HCO 3, b u f f e r  base ,
and a l k a l i  reserve (C02 combining power) .

Temperature

Temperature may be continually monitored with a rectal thermister.
Primates and other small species have a tendency to lose body heat very
rap i d l y  under anes thes ia .  Any animal w i l l  lose body heat rapidly
d u r i n g  open-ches t  surgery . Excessive heat loss may be pre vented by
using a warm-water circulating blanket. Electric heating pads may also
he used but must be waterproof to prevent electrical shock (to the
patient and the surgeon); these must not be used above the LOW setting
for long periods , or severe skin burns m ay result. A rapid increase in
temperature may be the first indication of hyperpyrexia seen in some
strains of m ini pigs and occasionall y in dogs.

Urine Output

U r i n e  output indicates renal function and is a good monitor for
renal p e r f u s i o n  dur ing  shock.  Renal shutdown is not common in the dog ,
but it is in man , primates , and possibly other species.

Electroencephalograph (E~.G)

Al though  rou t ine ly  used in man , the EEG is difficult to interpret
in animals and has not been generally used in veterinary anesthesia.

Eye Position and Pupil Size

Depth of anesthesia with some agents (e.g. , halo thane)  can be
m o n i t o r e d  by examin ing  the eye .

1. Eye fixed centrally and pupil constricted--light surgical
anesthesia.

2. I- ye deflected ventrally and pupil not visible--surgical
a n e s t h e s i a .

3. Eye f i x e d  c e n t r a l l y  and pupil  beginning to dilate--very deep
surgical anesthesia and approaching death as pupil continues to dilate.

Pup i l  d i l a t a t i o n  or cons t r i c t ion  wi l l  be mis lead ing  if atrop ine
has been used , but ventral deviation of the eye will still occur.
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Reflex es

The stage of anesthesia at which individual reflexes are abolished
may vary with the anesthetic agent.

Palpebra l Reflex- -Closing eyelids in response to medial canthus of
the eye being tapped.

Corneal Reflex- -Closing eyelids in response to cornea being touched
with a wisp of cotton.

Swallow ing Reflex--Swallowing in response to jaws being separated
and tongue pulled .

Sighing Reflex--Sighing in response to jaws being separated.

Coughing Reflex- -Coughing due to upper tracheal or laryngeal irri-
tation .

Patellar Reflex- -Extension of the leg in response to the quadriceps
tendon being tapped.

Anal Ref lex -  -Cons t r i c t ion  of the anal sphincter in response to
dilation .

Head-righting- -Ability to maintain the head in an upright position
without support .

Ear- twitch Reflex- -Twitching of the ear in response to breath blown
in ear.

Skin Reflex- -Pain reaction in response to a needle prick or knife
incision.

Tail Waving- -Tail is straight and flaccid in the surgically anes-
thetized monkey and pig.

Pedal Reflex- -Flexing the leg in response to toes being squeezed.

— Monitoring Anesthesia at [JSAFSAM

Animals  anesthetized for surgery at the Surgical Support Branch ,
USAFSAI4, are monitored and supported during surgery as follows : The
electrocardiogram and hear t  rate are displayed on a cardiac monitor
(Elect ronics  for Medicine , In c . ) ,  and arterial blood pressure is meas-
ured through a catheter with either a pressure transducer (Statham
Instruments) or a mercury manometer. Lactated Ringer ’s solution or
other appropriate fluid is administered through the percutaneous venous
catheter that was previously placed for anesthetic induction . This
indwelling ca theter may also be used for administering emergency drugs
if their use becomes necessary . A similar cathe ter placed in the
ex ternal jugular vein and advanced into the thorax may be used to meas-
ure central venous pressure on a water manometer .  Deep-core body
temperature is monitored continually with a rectal telethermometer
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(Yellow Springs Instrument Co., Inc.). Hypothermia is controlled by
a wa te r - c i r c u l a t i n g  pad p laced beneath the animal during surgery , and
fo r  sma l l  p r i m a t e s , b y a pediatric incubator in the postoperative
recovery phase of anesthesia. Until the animal has recovered his pro-
tective reflexes , the anesthetist continuously monitors and periodically
records on a specially designed report form (Fig. 10) the animal’ s vital
si gns , anesthetic concentrations , fluids , and drugs administered.

ANEST HE TIC EMERGENCIES

The period of time from when effective ventilation or circulation
stops to the development of i rreversible brain damage is usually 4-6
minutes. During these few minutes , death is usually reversible. Clin-
ical death occurs when the first vital system is damaged beyond repair ,
usually the brain. At this time there will be an absence of the
electroencephalogram (EEG) and the pupils will be fixed in dilatation.
The primary purpose of resuscitation is to restore effective circula-
tion and ventilation to the vital organs . The keys to success are to
have a plan before the situation occurs , be able to m ak e dec i s ions
without hesitation , and to have the necessary technics perfected. The
following drug s are frequently used in treating anesthetic emergencies.

~p~nephrine_ (41B) is a potent vasopressor , increasing both systolicand purse pressures. It is also a powerful cardiac stimulant. Cardiac
systole is shortened and more powerful , cardiac output increases , and
the heart ’s oxygen consumption and work increase. Ventricular extra-
systoles , tachycardia , and fibrillation may be precipitated by the
release of endogenous ep inephrine when the heart has been sensitized by
certain anesthetics such as halothane .

Levartereno l (Nore~ inephrine) (418) is predominantly an alpha
stimulator and acts to increase systolic , diastolic , and pulse  p ress ure.
-\ marked venoconstrictjon contributes to an increased vascular resist-
ance. Cardiac output is unchanged or decreased. Levarterenol may
produce arrhythmias .

Isoproterenol (Isuprel) (41B) is a powerful beta stimulator which
lowers peripheral vascular resistance and increases venous return to
the heart. Cardiac output increases due to the chronotropic and ~no-tropic action )f isoprotereno l on the heart and the increased venous
return. Isoprotereno l may produce arrhythmias.

Atro~ ine (418) abolishe s many types of reflex vagal cardiac slowing
or asystole. Its main cardiovascular effect is cardioacceleration , by
blocking vagal effects on the S-A pacemaker.

Lidocaine (41G) is a local anesthetic and is also used to treat
ven tricular arrhythmia s encountered during cardiac surgery or myocardial
infarction. When administered intravenously, its antiarrhythmic activ-
ity develops rapidly; and it declines quickly when the infusion is
d i s c o n t i n u e d , p qr n i i t t i ng  t i t r a t i o n  of ven t r i cu la r  ectopic a c t i v i t y .
L i d o c a in c  depresses the au tomaU ci ty  of the Purk inj e  f ibers . In anes-
thetized dogs , doses up to 2-3 mg/kg produce little change in A-V
conduc t ion  t ime , c o n t r a c t i l i t y , i n t r a v e n t r i c u l a r  conduction , or heart
r a t e .  P r e p a r a t i o n s  of lidocaine that contain epinephrine should not
he used .
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Calcium &luconate (41K)  a s s i s t s  in regula t ing  the p e r m e a b i l i t y  of
cell membranes to sodium and potassium . An excess of calcium diminishes
and a decrease of calcium augments permeabili ty of the cell membranes.
An increase in calcium concentration increases the excitation threshold
of the cardi ac muscle. There are certain similarities in the effects
of calcium and the cardiac glycocides.

Doxapram HC1 (Dopram) (59, 109 , 110) is a potent respiratory stimu-
lant which increases minute volume by increasing both rate and tidal
volume . It is also noted for its ability to speed awakening and return
reflexes after anesthesia. There are species variations. Resp iratory
stimulation is slight in the rat , moderate in the cat , and marked in the
dog and horse. Its ability to decrease sleep ing tine is poor in the
cat compared to the dog. The manufacturer ’s recommended dosage for dogs
and cats is 2.5-5 .0 mg/lb (5.5-11 mg/kg) IV for barbiturate anesthesia
and 0.5 mg/lb (1.1 mg/kg) IV for gas anesthesia. The dose for horses is
0.25 mg/lb (0.6 mg/kg) IV for chioral hydrate and barbiturates and 0.2
mg/lb (0.4 mg/kg) IV for ~as anesthesia. The dosage can be repeated in
15-20 minutes.

Pulmonary Arrest (88, 122K)

Pulmonary arrest may follow cardiac arrest; however , it is usually
due to an anesthetic overdose or hypoxia secondary to pulmonary disease
or an obstructed airway .

Pulmonary complications due to anesthesia may be prevented if
anesthetics are carefully administered using proper technic , anesthe-
tized animals are intubated to minimize dead space , and anesthetic
equipment is routinely checked for defects such as stuck valves and
leaks in the rubber hoses. To minimize dead space , proper anesthetic
equipment should be used in accordance with the size of the animal.

I f  pulmonary arrest occurs , all anesthetics should be terminated ,
airway patency checked , and an endotrachea l tube inserted if one is not
already in place . Controlled ventilation , pre ferably with 100% oxygen ,
should be initiated. An indwelling venous catheter should be inserted
and lactated Ringer ’s solution administered by slow drip to insure that
a route is available for emergency IV drugs. Acidos is usually occurs
‘luring pulmonary arrest and can be controlled with sodium bicarbor1ate
administered in accordance to base deficit , as determined by blood gas
analysis or at a rate of 2 meq/kg IV every 10-15 minutes. Resuscitative
efforts should be continued until the animal is able to breathe un-
assisted. If spontaneous respiration does not beg in within a few minutes ,
a respiratory stimulant such as doxapram may be administered. Respira-
tory stimulant drugs should be used with caution : Respiratory depression
may return after the analeptic drug is metabolized , and an overdose m ay
result in convulsions. When an anesthetic is overdosed , respiration
often must be controlled and supportive treatment continued until the
anesthetic is metabolized. This support may be required for an hour or
longer if a long-acting barbiturate is overdosed.

R e s p i r a t i o n  is o f ten  con t ro l led  d u r i n g  anes thes ia .  If the animal is
b r e a t h i n g  100 % oxygen and is hyperventilated to produce a low 
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respiratory drive may be terminated. The ventilation rate may need to
be decreased to enable the C02 to increase to a level where the respira-
tory drive will be initiated following the termination of anesthesia.
As long as the anima l does not become hypox ic , controlled ventilation
may be decreased to once every 15-30 seconds until spontaneous ventila-
t ion begins .

If respiratory depression is due to narcotics , specific antagonists
such as nalorphine 5-10 mg IV or le-vallorphan 1-2 mg IV, may be admin-
istered to effect.

Laryngeal spasms may be controlled by administering a topical anes-
thetic to the larynx and inserting an endotracheal tube. A muscle
relaxant may be needed to facilitate intubation . Ideperidine 1-2 mg/kg
IV may be administered to decrease tracheal-bronchial irritation .

Cardiac Arrest (73 . 80 , 88 . 93 . 94 . 97 , 1221 , 127)

When effective circulation suddenly ceases , cardiac arrest occurs
and results in an inadequate supply of oxygenated blood to the vital
organs- -one of the most important being the brain. The heart also has
a high requirement for oxygen . When it fails to receive adequate oxygen ,
the cells become irritated and fail to conduct the electrical impulses
in an efficient , orderly manner ; the heart fails to contract  and pump
blood as it should , which means that the heart ’s own coronary circula-
tion is impaired . The abnormal electrical impulses of impending cardiac
arrest show up as arrhythmias in the EKG . Frequently seen arrhythmias
are ectopic ventr icular  contraction and ventricular tachycardia , wh ich
if uncorrected may result in fibrillation or asystole .

When ventricular tachycardia occurs , therapy is directed at main-
taining adequate cardiac output and coronary flow. The lungs should be
adequately ventilated . Lidocaine hydrochloride is applied topically to
the heart or administered intravenous ly (1-2 mg/kg) at a rate of 1-4
mg/am until the electrocardiogram becomes stable.

Bradycardia is often a sign of impending cardiac arrest. Atropine
0.01 mg/kg IV is effective in countering the vagal influence on heart
rate.

Cardiac arrest or fibrillation can be verified by absence of pulse
and heart sounds and by the electrocardiogram . If cardiac arrest occurs ,
the anesthetist should stop all  anesthet ics  and institute 100% 02 by
endotracheal tube and posi t ive pressure vent i la t ion. The crania l  end of
the animal should be lowered 30% to facilitate venous return , and airway
patency should be assured. Cardiac massage should be initiated at a rate
of 60-80 times per minute. Arterial blood pressure will indicate the
effectiveness of cardiac massage ; a systolic pressure of 80 mmHg should
be maintained. To counter acidosis , sodium bicarbonate 2 meq/kg is admin-
istered intravenously every 10-15 minutes during the resuscitation period.
Epinephrine 1:1000 (0.25 to 0.5 cm-’)is administered intravenously or
direc tly into the chamber of the left ventricle to convert the heart from
standstill to myocard ial activity. If fibrillation occurs , it can be
reversed by internal (10-30 watt-second) or external (100 watt-second)
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defibrillation . If an electrical defibrillator is not available , drugs
such as 2% lidocaine at a dose of 1-2 mg/kg may be administered by the
intravenous or intraventricu lar routes as a bolus , followed by an intra-
venous drip. Potassium chloride (4%) at a dose of 5 in ]. may be injected
into the ventricle to stop fibrillation ; however , depression may be so
great that it is difficult to reestablish spontaneous rhythm. Calcium
gluco na te  may be needed to restore cardiac tone . A f t e r  no rmal cardiac
acti v ity has resumed , 10% calc ium gluconate in 5-cm 3 increments can be
admin i s t e red  to s t i m u l a t e  myocardial  con t rac t ion  and improve cardiac
o u t p u t .  I soproterenol , 1 mg in 500 cm 3 of dextrose and sa l ine , is
a d m i n i s t e r e d  in an intravenous dr ip  to s t imula te  myocardia l  con t rac t ion
and venous re turn .

Shock (104, 122E)

Shock is the clinical syndrome in which the cardiovascular system
is not able to adequately perfuse the body organs to sustain their
normal  func t ion . The or ig in  of shock varies from hemorrhage , hear t
fail ure , or neurogenic  or endotoxic causes which resul t  in a loss of
per ipheral  vascular  res i s tance .  I n i t i a l l y ,  blood pressure f a l l s .  The
cardiovascular  system t r ies  to main ta in  blood pressure by vasoconstric-
tion . Capillary shutdown and shunting helps maintain blood pressure ;
however , tissue perfusion and oxygen utilization decrease. Metabolic
acidosis  occurs due to anaerobic metabolism. Decreased capillary wall
i n t e g r i t y  due to toxins resul t s  in plasma loss , hemoconcentration , and
sludged blood . Vascular  collapse and pooling of blood and f lu ids  occur.
Poor renal perfusion and renal shutdown contribute to toxin accumula-
t ion . When many cells die because of hypoxia, shock becomes irreversible
and the animal dies.

Treatment is aimed at establishing an acceptable relationship
between the vascular and blood volumes. Both blood pressure and blood
flow must be corrected. To correct one and not the othe r can be dis-
astrous. The following steps are taken in treating shock :

1. Circulating blood volume should be maintained. Whole blood
is adm ini stered if the PCV is below 30% ; blood expanders such as
dex tran, plasma , or 5% dextrose in sal ine , are infused if the PCV is
elevated.

2. High viscosity and sludg ing of the blood can be controlled by
low-m olecular-weight dextran (2-10 cm 3/ lb , or 4-22 cm 3/kg) repeated
every 30 minutes until the PCV is 40%-50%; 0.5 mg/lb (1.1 ms/kg) heparin
IV way also be administered.

3. Ischemia of the microcirculation , venous spasm , and decreased
venous return are t~~ated with the adrenergic blocking agents Dibenzy-line 0.25-1.0 mg/lb (0.55-2.2 mg/kg) in 500 cm 3 glucose administered over
1 to 2 hours or chiorpromazine HC1 0.1-0.3 mg/lb (0.22-0.66 mg~kg) IVor the Beta adrenergic s t imula to r  isoproterenol 1 mg in 500 cm3 glucose
IV to e f f e c t.

4. Vasopressors should be used only to maintain acceptable blood
pressure. Elevated blood pressure without concurrent microcirculation
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is of little value . Epinephrine 0.1%, 1 cjii3 diluted to 100 cm3, is
titrated one drop at a time , or 1 m l of 0.2% norepinephrine in 250 cm3
5% dextrose is administered 2-10 drops at a time, until blood pressure
returns to above 80 amHg.

5. Cort icosteroids and antihistamines are administered to prevent
cellular injury and control histamine release. Hydrocortisone succi-
nate  2- 10 mg/ lb  ( 4 - 2 2  mg/kg) IV per hour . Diphenhydramine HC 1 0 .5- 1.0
mg/ lb  ( 1-2 mg/k g)  IV per hour , repeated as needed.

6. Intravenous antibiotics are administered to prevent bacterial
proliferation . Crystalline potassium penicillin G 50,000 units and 1 g
streptomycin in 500 cm 3 saline is administered at a rate of 10-20
ml/lb (22-46 mi/kg) as a Continuous drip . It may be repeated every
6 hours.

7. Sodium bicarbonate 2 meq/kg IV is administered to counter
acidosis. It may be repeated every 15-30 minutes .

8. If the ar ter ia l  
~~~ decreases below 70 mmHg , the an imal should

be intubated and ventilation assisted with 40%-100% oxygen , or the
animal may be placed in an intensive-care cage in which the oxygen
content and temperature can be controlled.

9. Body temperature should not be allowed to decrease below 940F
(350C). Temperature may be maintained with water-circulating heating
pads.

ANESTHETIZING DOGS

Preanesthetics

Anticholinerg ics-

1. Atropine sulfate 0.04 mg/kg IM or subQ (122).

2. Scopolamine 0.01-0.02 mg/kg (2, 122).

Tranquilizers- -

1. Chiorpromazine HC1 (Thorazine) 0.5 mg/lb (1.1 mg/kg) IV ,
1 mg/lb (2.2 mg/kg) IM, 1,5 mg/lb (3.3 mg/kg) per os (69).

2. Promazine HC1 (Sparine) 1.3 mg/lb (2.9 mg/kg) IV (69).

3. Triflupromazine HC1 (Vetame) 0.5-1 mg/lb (1.1-2.2 mg/kg) IV,
1-2 mg/lb (2.2-4.4 mg/kg) 114 (69).

4. Acetylproaazine maleate (Acepromazmne ) 0.25-0.5 mg/lb (0.55-
1.1 mg/kg) IV , IN, or subQ (69).

S. Xylazine (Roapun) : Xylazine is an adrenergic-cholinergic
neuron inhibitor with sedation , analgesia, and muscle-relaxation prop-
erties. Dosage levels vary between 0.5 and 2 mg/lb (1.1-4.4 mg/kg).
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Analgesic effects last 15-30 minutes , followed by seda tive ef fec ts
lasting up to 3 hours . Barbiturate anesthesia can be reduced 75%
following IV xylazine and 30%-50% following lid xylazine . Supplemental
anesthesia has to be administered to enable intubation of dogs. Xyla-
zine decreases respiratory and heart rates and produces a transitory
drop in blood pressure ( 9 0 ) .  I t  has been used successfully for
cesarean sections , supplemented wi th  2% l idocaine at the incis ion s i t e ,
wi thout adverse ef fects  to the puppies. Fifteen minutes after adminis-
t r a t i on , dogs are able to walk even though they are in a drowsy resting
state (144). Increased doses do not increase the depth of sedation but
do increase the duration of e f f ec t .  It is recommended that  atropine be
administered prior to xylazine (2, 122).

6. Triflupromazine : A number of anesthetics , narcotics , and tran-
quilizers were analyzed for their effects on the transit time of barium
in the gastrointestinal system . Triflupromazine hydrochloride 0.5 mg/lb
(1.1 mg/kg) IV , followed by a 15-mm period before administration of
bar ium , produced predictable effects and decreased stomach and intestinal
motility to a speed that enabled radiographic examination . Restraint
was adequate for 3 hours (145).

Narcotics - -
1. Morphine sulfate: Effects (sedation or excitement) are species

and dose related. Depression and analgesia occur at the lower thera-
peutic doses. Strychnine-like convulsions and death may occur at the
higher doses. A dose of 0.5-0.75 mg/kg is adequate for premedication .
Sedative aspects are miosis , resp iratory depress ion , bradycardia , hypo-
thermia , and reduced response to external stimuli. The excitement
aspects are mydriasis , nausea, panting, and convulsions (122).

2. Meperidine (Demerol): Premedication 2.5-6.5 mg/kg ; post-
operative analgesia 5-10 mg/kg (122).

3. Methadone hydrochloride 0.1-0.5 mg/kg (122).

4. Apomorphine sulfate 0.1 grain (6.5 mg) subQ/dog (2, 122).

5. Pentazocine (Taiwin) 1.5-3 mg/kg . High doses of 6-10 mg/kg can
produce tremors and convulsions (122). Pentazocine (3.3 mg/kg IM) was
compared with meperidine (5.5 mg/kg TM) and morphine in the dog (111).
Pentazocine increased the tidal volume and produced a transitory 18%
decrease in blood pressure , compared to a decreased t idal  volume and a
75% and 25% decrease in blood pressure for meperidine and morphine
respec t-~.vely. Meperidine was considered more effective for controlling
pain after surgery of the extremities and thorax . For both pentazocine
and meperid ine , the dogs tended to relax and sleep . The advantages of
pentazocine are that it is not subject to narcotic controls and it does
not decrease the tidal volume or blood pressure to the degree seen with
meperidine and morphine.

6. Innovar-Vet : Produces sedation , immobilization , adrenergic
blockade , bradycardia, and decreased blood pressure . When used as a
preanesthetic for major surgical procedures , Innovar--Vet is administered
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at a dose of 1 ml/40 lb (18 kg) IN, followed in 10 minutes with an IV
barb iturate; or 1 ml/25-60 lbs (11-27 kg) IV, followed in 15 seconds
with an IV barbiturate . When used alone the dose is 1 mnl/20 lb (9 kg)
IM or 1 ml/25-60 lbs (11-27 kg) IV. Innovar-Vet may be used in combi-
nation wit h a local anesthetic for major surgical procedures such as
cesarean section . Atropine sulfa te  should be administered to prevent
defecation, salivation, and bradycardia.

Narcotic Antagonists- -

1. Nalorphine HCI (Nalline) 5-20 ing IV.

2. Levallorphan tartrate (Lorphan) 0.5-2 mg IV.

Neuromuscular Blockers- -

1. Succinylcholine 0.3 mg/kg produces paralysis for 5-10 minutes
(l22J)

2. D-tubocurarine 0.4 mg/kg. The effects may be reversed with
atropine sul fa te , to counter the muscarinic  e f fec ts  of neost igmmne ,
followed with neostigmine in a 0 . O S %  solution at a dose of 0.5 to 1 ml
IV (l22J) .

3. Gallaiuine 1 mg/kg produces complete paralysis for 15-20 minutes .
Gallamine may be reversed with neostigmine (122J) . Gailamine is excreted
unchanged in the urine and , therefore , is coutraindicated in renal
failure .

Inhalation Anesthesia

Halothane and methoxyflurane are the inhalation anesthetics most
frequently used In the canine . The technics described on page 49
are routinely used to administer halothane anesthesia to canines at
USAFSAI4.

The effects of halothane and halothane-nitrous oxide (N20) anes-
thesia in the dog with controlled and spontaneous ventilation have been
studied (125, 126). Halothane is a dose-dependent cardiopulmonary
depressant . With controlled ventilation , adding 75% N20 did not alter
the circulatory depression seen with halothane alone . With spontaneous
ventilation, there was no difference between the circulatory depression
of ha lothane versus halothane plus 25% NzO; but wi th  halothane plus 75%
N20, a significant increase in cardiovascular performance was observed.
The reason for an increased sympathetic response and improved cardio-
vascular performance was not determined; however , it was postulated that
it was due to the undesirable effects of inefficient spontaneous respi-
ration and resultant hypercapnia, hypoxemia , and acidosis rather than a
beneficial effect from N20.

Halotharie may increase the sensitivity of the heart to the arrhyth-
mic actions of adrenergic agents (epinephrine , norepinephrine , metara-
minol, deoxyepinephrine , adrenalone , nordefrin , and dopamine .
Thiobarbiturates (thiamylal sodium and thiopental sodium) used for
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anesthetic induction frequently produce arrhythmias . Dogs that were
pretreated with chiorpromazine hydrochloride (2 mg/kg IV), acetylproma-
zine maleate (1 mg/kg TV), or propranolol (1 mg/kg IV) were protected
agains t  the arrhythmic e f fec t s  ( f i b r i l l a t i on )  of epinephrine , halo-
thane, and thiobarbiturate combinations (141).

Postoperative renal dysfunction may occur in man following methoxy-
flurane anesthesia. Renal studies in dogs have shown that  renal
dysfunction apparently does not occur during acute exposure of methoxy-
flurane (84).

Injection Anesthesia

Barb i tu ra tes  - -
1. Pentobarbital sodium (Nembutal) 13 mg/lb (28.6 mg/kg )  IV.

Duration of surgical anesthesia from the initial dose averages 30
minu tes .  Complete recovery occurs in 6-18 hours (69).

2. Thiopental so-dium (Pentothal) 20-30 mg/kg (69).

3. Thiamylal sodium (Surital) 17.5 mg/kg IV produces surgical
anesthesia l a s t ing  approximately 15 minutes (69) .

The technics described on page 32 are used to administer intra-
venous barbiturates.

Dissociative Agents- -

1. Ketamine anesthesia was used in 327 dogs representing 35
breeds . The dogs were given 0.02 mg/lb (0.04 mg/kg) atropine sulfate
and 0 .25 mg/lb (0.55 mg/kg) Acepromazine , followed in 10-15 minutes
with ketamnine 5-10 mg/lb (11-22 mg/kg) IN. Dogs less than 20 lbs
(9 kg) received 10 mg/lb (22 mg/kg) ketamine , while larger dogs
received 7 mg/lb (15 mg/kg) for major procedures and 5 mg/lb (11 mg/kg)
for minor pr ocedures. For major surgical procedures the dogs were
given thiamylal sodium 5 minutes after administration of ketamine . The
amount of thiamylal required was usually less than 25% of the normal
dose. Adverse effects were tonic-clonic convulsions in 3.4% of the
dogs within 2-7 minutes after the ketamine was administered . Thiamylal
sodium alleviated these seizures. Salivation was not controlled by
the normal dosage of atropine 0.02 mg/lb (0.04 mg/kg) (55).

2. CI- 744 5.5-9 mg/kg IM was satisfactory for anesthesia. Induc-
tion averaged 7 m i n u t e s ;  sleeping time , 42 minutes; and total immobi-
lizat ion, 126 minutes . Cardiovascular effects were slight at 5.5 mg/kg
IM. Tachycardia was consistent. Blood pressure and cardiac output
changes were var iable .  P~ 02 decreased , PCO2 increased , and pH change
was usual ly  s l i gh t  (134).
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ANE STHETIZING CATS

Preanesthetics

Anticholmnergics--Atropine sulfate 0.04 mg/kg subQ .

Tranquilizers - -
1. Chlorpromazine HC1 (Thorazine) 0.5 mg/lb (1.1 mg/kg) IV , 1 mg/lb

(2.2 mg/kg) TM , 1.5 mg/lb (3.3 mg/kg) per os (69).

2. Triflupromazine HC1 (Vetame) 2-4 mg IM (69).

3. Acety lpromaz mne maleate  (Acepromazine) 0.5-1 mg/lb (1.1-2.2
mg/kg) IV, IM, or subQ (69).

4. Xy laz ine  (Ro mpun) 0 .5- 1 mg/lb (1.1-2.2 mg/kg) IM or subQ .
Xylazine possesses a wide margin of safety . Increased doses do not
increase the depth of sedation but do increase the duration of effect.
Atropine should be administered prior to Xylazine (69). Xylazine 0.5
mg/lb (1.1 mg/kg) may be used as a preanesthetic emetic in cats , much
as morphine is used in the dog. Subsequent sedation lasts 30-90 minutes.
Analgesic  e f f ec t s  are not observed at this dosage ( 4 ) .

Narcotics- -

1. Meperidine (Demerol) .  Sedation is poor in the cat. Analgesic
properties have not been evaluated. The dose should not exceed 11 mg/kg
subQ or IM. Meperidine alone or in combination wi th  a t r anqu i l i ze r
potentiates general anesthetics ; therefore, even though the cat does not
appear depressed , the anes the tic and le thal doses of general anr.sthetics
are lowe red (2 , 122).

2. Morphine 0.1 mg/kg has been administered to cats if a tranquil-
izer such as promazine 2 mg/kg was given simultaneously to depress the
excitatory effects. The standard dose of 0.5 mg/kg for the dog may
produce rest lessness and convulsions in the cat (2 , 12 2 ) .

Morphine 0.1-0.5 mg/kg and meperidine 2 . 5 - 5  mg/kg have been toler-
ated in the cat. Dosages above these produced salivation , agitation ,
mydr ias is , and vocalization . Respiratory depression was pronounced at
dosages above 0.5 mg/kg morphine and 5 mg/kg meperidine . Preanesthetic
meperidine or morphine in the cat is probably of no value in ketamine
anesthesia (49).

Neuromuscular Blockers- -

1. Succinylcholine 1 mg/kg produces paralysis for 2-3 minutes (122).

2. D- tubocurarine 0.3 mg/kg is a paralyzing dose (69).

3. Ga11-’mine triethiodide (Flaxedil) 1 mg/kg produces complete
paralysis for 10-20 minutes (69, 122.7).
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I:nhalatjon Anesthesia

A n i m a l s  which  u s u a l l y  weigh less than 7 kg ,  such as cats , should
not be anes the t i zed  by c ircle  systems because of r e sp i ra to ry  r e s i s t ance ,
c~ rbon dioxide accumulation , and respiratory acidosis. Nonrebreathing
systems such as the Ayres 1-piece are recommended . Cats are induced
with thiamylal sodium or thiopental sodium or by face mask with 2
l i t e r s / m m  1:1 oxygen/n i t rous  oxide plus 4 % - S %  ha lo thane . The cat is
thcri intubated with a 16-18 French neonatal  endotracheal  tube and m a i n -
tam ed on the halothane mixture . Atropine (1/320 grain subQ) is the
only preanesthetic used. The phenothiazine tranquilizers are alpha
bl ocker s , narcot ics  are respi ra tory  depressants , and ketamine masks
norma l  r e f l e x e s  to evaluate anesthesia; therefore , these preanesthetics
are not used (102 ) .

In newborn kittens , methoxyflurane was satisfactory for induction
and maintenance of anesthesia. A 2-mi plastic syringe case was used as
a face mask. Atropine 0.06 mg/kg was administered prior to induction .
The barbiturate~, pentobarbital and thiamylal and inhalation anestheticether were considered unsatisfactory (115).

Halothane inhala tion anesthesia is administered at USAFSAM by the
technics described on page .49.

Injection Anesthesia

Ketamine (CI-58l)--Young and hyperexcitable cats may require higher
dosages , and very old cats a smaller dose. Induction time , depth and
dura t ion  of ane s the s i a , and recovery tine are dose rela ted. In one
study , induction time was 3 minutes or less. Doses below 22 mg/kg TM
produced chemical restraint , and 25-44 mg/kg produced cataleptoid
anesth~ sia lasting 20-40 minutes- -adequate for short surgical proce-
dures. Complete recovery required 6-7.5 hours . Cardiac output and
systolic blood pressure were increased. Mild respiratory depression ,
tachycardia , and clonic muscle spasms were adverse side effects in a
small percentage of cats. When ketamine was used for surgical  anes-
thesia , alone or supplemented with a vola t i le  anesthetic , the body
tempera tu re  decreased as much as 80F (4.40C) . Recovery stress was re-
duced when the cat was placed in a warm , dark, quiet recovery area.
Body t empera ture  should be monitored and supplemental heat provided.
If clonic spasms or mild convulsions occur during recovery , they may be
controlled with one-sixth to one - fourth the normal dose of sodium
thiamylal. Ketamine is excreted primarily through the urine and should
not be used if there is urinary tract obstruction (urolithiasis) or
rena l impairmen t (6).

When xy l az ine  was used as a preanesthetic before administering
ketamine , muscle  s t i f f n e s s  has been eliminated and the cat remained
sedated through the recovery period . A dose of 0.5 mg/lb (1.1 mg/kg)
IM xylazine followed in 20 minutes with 7-10 ag/lb (15-22 mg/kg) 114
ketamime produced 30 minutes  of analgesia and relaxation with a quiet ,
uneven tful recovery period . Xylazine produces vomiting 3-S minutes
after administration . Maintenance doses of 1~~tnmtne may be adminis-tered to prolong anesthesia without overriding the relaxation effects
of xylazine (3, 4).

68

- 
-

-
- j 

~~~~~~~~~~ 
- -

~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~~~~~~~~~~~~~
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- .
I — —-—— — - - -  - --- --*—~

—----—-——-——---- ——~~-~~-~~~r, - -  - - -~~~~- • —



Tiletamine (CI-634)--Tiletamine, a phencyclidine derivative , admin-
istered at a rate of 11 mg/kg 114 produces immobilization within 2-3
minutes. Righting reflexes return within 2 hours. Cardiovascular
changes (blood pressure, heart rate) are not significant , but an irreg-
ular breath-holding pattern of respiration develops . Respiratory
depression produces respiratory acidosis and decreased oxygen tension .
After IV injection of tiletamine , arrhythmias are common . Blood pressure
and heart rate consistently increase (17).

CI-744- -Satisfactory anesthesia for abdominal surgery is obtained
with  doses of 6-16 mg/kg TM. Induction time averages 5.5 minutes , with
anesthesia lasting approximately 60 minutes. Ambulation occurs 2 hours
following anesthesia. Relaxation is adequate for surgery , and recovery
is smooth . CI-744 is free of the undesirable side effects of ketamine
in cats (134).

larbiturates--Pentoi,arbital sodium 13 mg/lb (28.6 mg/kg) IV pro-
duces surgical anesthesia lasting 30 minutes. Recovery is complete in
6-18 hours . The dose for thiopental sodium is 20-30 mg/kg IV (122).
Intravenous anesthetics are administered at USAPSAM by the technics
described on page 32.

ANESTHETIZING SHEEP AND GOATS

Sheep and goats do not have the regurgitation and salivation prob-
lems that cattle have.

Preanes thetics

Anticholinergics--Atropine sulfate 15 mg/SO lb (22.5 kg) prior to
anesthesia, with 3-Umg every 15 minutes thereafter (69).

Tranquilizers (69) - - -

1. Chlorpromazine HC1 (Thorazine ) 0 .5  mg/ lb (1.1 mg/kg) IV ,
1 mg/lb ( 2 . 2  m g/kg)  IM or per os.

2. Triflupromazine HCL (Vetame) 0.5 mg/lb (1.1 mg/kg) IV.

3. Diazepam (Valium) 0.25-0.5 mg/lb (0.55-1.1 mg/kg).

Neuromuscular blockers -- Succinyicholine 0.02 mg/kg produces
paralysis for 6-8 minutes.

Inhalation Anesthesia

Anesthesia equipment used for large dogs can be used for sheep and
goats. Induction may be attained by the intravenous administration of
short-acting thiobarbiturates or by inhalation anesthesia induction via
a face mask. Halothane is the inhalation anesthetic of choice because
of its ease of induction , potency , and rapid recovery period (122F) .

Halothane provides complete relaxation of the uterus and has been
used successfully for uterine surgical procedures in standard-sized
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and pygmy female goats. Premedication was atropine sulfate 2-6 ml of
a 0 .4  mg/mi so lu t ion  administered TV. Induct ion was with 4% thiamylal
sodium at a dose of 0.34-0.44 mi/kg IV. Following intubation , the
animals were maintained on halothane (29).

Injection Anesthesia

The jugular or cephalic vein may be used for intravenous injections .
Thiopental sodium and pentobarbital sodium are safe for short procedures
and induct ion pr ior  to inha la t ion  anesthesia.  A 2.5%-5% solution is
used for small sheep and goats , and a 10% solution for large adults.
The dose is 30-40 mg/kg IV titrated to effect (l22F) .

Cl-744 , the combination of a cataleptoid anesthetic (tiletamine
HC1) and nonphenothiazine tranquilizer (Zolazepan) in a 1:1 ratio ,
dissolved in sterile distilled water at a concentration of 20% , has
been used to anesthetize sheep . The initial dose of CI-744 was 8-16
mg/kg IV (jugular vein) by rapid injection . Induction was smooth and
rapid (15-30 sec). Surgical anesthesia was attained within 0.5-4.8
minutes and ranged from 0.8 to 3.7 hours . To prolong surg ical ames-
thes ia , maintenance  doses ~.ip to 50% of the original dose were adminis-
tered IV or TM. Following surgical anesthesia , the sheep we re able to
stand w i t h i n  an average of 42 minutes (22).

CI-744 10-20 mg/kg IV has provided satisfactory anesthesia , lasting
40 minutes , for neurosurgical procedures in sheep . Repetitive injec-
tions prolonged anesthesia without adverse effects. Following surgical
anesthesia there was an extended period of chemical restraint lasting
from 25-40 minutes. Bloating did not occur since the sheep continued
to eructa te  wh i l e  anesthet ized ( 134) .

Sheep were anesthetized with atropine sulfate 0.2 mg/kg TM , fol l owed
in 15 minutes with acetylpromazine 0.55 mg/kg IV and 10 minutes later
with ketamine 22 mg/kg IV or IM. For splenectomies, surgical anesthesia
was maintained from 1 to 1.5 hours by intermittent administration of
ketamine 2-4 mg/kg IV. Immobiiizntion was rapid following the ketainine
administration . The preanesthetics controlled salivation and increased
muscle relaxation . To prevent apnea , IV ketamine should be administered
slowly over a period of 45-60 seconds . Limb movement , open eyes , and
nystagmus are normal wi th  ke tamine  and are not associated with painful
stimuli (132) .

ANESTHETIZING CATTLE

Complications due to anatomy and physiology m ay be encountered in
cattle under general anesthesia. Respiratory embarrassment due to
intra-abdommnal pressure on the diaphragm may occur when cattle are
placed In lateral recumbency . Innertubes can be used for padding to
decrease such pressure . Rumenal tympany and regurgitation are controlled
by withholding food for 18 hours and water for 6 hours. An endotracheal
tube should be inserted to prevent inhalation of ingesta , and the head
lowered to enable saliva to flow from the mouth . It is difficult to
suppress salivation in cattle with drugs (122P).
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Preanesthetjcs

Anticholinerg ics--Atropine sulfate 0.2 mg/lOO lb (45 kg). It is
of limited value in large ruminants (69, 122).

Tranquilizers- -

1. Chiorpromazine HC1 1 mg/kg TM as a preanesthetic or 1.5 mg/kg
TM when used alone. Maximum effect occurs within 30-60 minutes. Cattle
are unable to rise for 1-2 hours. Chlorpromazine is more effective than
promazine or trimeprazine in cattle (l22F) .

2. Promazine HC1 0.5 mg/lb (1.1 mg/kg) IV (69).

3. Triflupromazine (Vetame) S mg/lOO lb (45 kg) IV (69).

4. Diazepam (Valium) 0.25-0.5 mg/lb (0.55-1.1 mg/kg) (69).

Neuromuscular Blocking Agents- -

1. Succinylcholine 0.02 mg/kg produces paralysis for 6-8 minutes
( l 2 2 F )

2.  D- tubocurar ine  0 .05  mg/k g is safe in young cattle. Very small
doses , however, of ten produce dea th in adul t ca tt le (l 22F ) .

3. Gallamine 0.4 mg/kg is effective for calves; however , prolonged
apnea may be produced. Adult cattle experience respiratory difficulty
at doses above 1.5 mg/kg (122F).

Basal Narcosis- -Chloralhydrate in a 10% solution is administered
at a dose of 10-12 g/l0O kg IV to produce hypnosis and sedation to
facilitate restraint and casting. To decrease undue excitement , range
cattl e and bull s should be tranquilized before chioral hydrate is
administered. Chloral hydrate in doses sufficient for surgical anes-
thesia is dangerous ; it should be used only as a sedative (l22F) .

Inhalation Anesthesia

Induc tion is usually with intravenous barbiturates. Large anima i
inhalation equipment is needed for adult cattle. Calves up to 5 months
old may be maintained on equipment suitable for large dogs. Halothane
is the inhalation anesthetic of choice because of its potency and
safety (l22F).

Calves , 2-4 weeks old and weighing 47.7-61.4 kg, present special
anesthesia and ventilation problems when subjected to cardiovascular
surgery and cardiopulmonary bypass. In one study (30), the calves were
premedicated with 8 mg atropine sulfate TM 30 minutes before anesthetic
induction with halothane-N20-02 administered through a facial mask.
Calves were then intubated and maintained on inhalation halothane anes-
thesia. Moderate to severe respiratory acidosis occurred in calves
that were allowed to breathe spontaneously before thoracotomy. Large
tidal volume and high-pressure (30 cm H20) controlled ventilation was
required to prevent hypoxia; however , undesirable hypocapnia and
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metabo l i c  acidosis were side effec t s .  Small t idal  volume and low -
pressure ventilation resulted in hypoxia , hypercapnia , and atelectasis.
Calf lungs are composed of thick pleura and extensive supportive tissue .
Other factors which contribute to the requirement for high ventilation
pressures are positioning during surgery , small amounts of surfactant ,
and pressure from abdominal viscera. Additional problems concerning
anesthetic maintenance , extracorporeal circulation , card iac surgery , and
the postoperative care of calves undergoing cardiac surgery have been
discussed in detail (108).

Intravenous Anesthesia

Barbiturates are used for induction prior to i~ha1ation anesthesiaor for short  procedures , but are not recommended for long procedures
because of prolonged recovery periods . Calves below 4 months of age
have difficulty in eliminating barbi turates and may experience prolonged
anes thes ia  las t ing 2-3  days . Intravenous anesthetics are administered
in the jugu la r  vein . Thiopental sodium and pentobarbital  sodium are
frequently used. The dose for each is 1 g/lOO kg. Each gram is dis-
solved in 5 ml of solution to enable the total dose for a 400-kg animal
to be administered via a 20-cm3 syringe (l22F).

ANESTHETIZING SWINE

Pigs are considered poor anesthetic risks. Borderline water intake
and increased excretion of fluids due to stress may precipitate salt
poisoning. Bec%use of the anatomy of the larynx and soft palate , pigs
under deep anesthesia and not intubated suffer from respiratory embarrass-
ment. The pig heart is smaller in proportion to body size than is the
heart of other domestic animals , and the small heart size may be a dis-
advantage during periods of anesthetic stress (24).

Preanesthetics

Anticholinergics--Atropine sulfate 0.04 mg/kg.

Muscle Relaxants- -

1. Succinylcholine chloride 2.2 mg/kg produces paralysis lasting
2-3 minutes (122J). The minimum dose to produce neuromuscular block is
0.4 mg/kg (69).

2. 0-tubocurarine 0.25 mg/kg IV (122J) .

3. Gallamine triethiodide 2 mg/kg (122.7).

Tranquilizers- -

1. Triflupromazine HC1 40 mg/100 lb (45 kg) IV, 60 ag/l00 lb
(45 kg) IM (69).

2. Diazepam 0.25-0.5 mg/lb (0.55-1.1 mg/kg) (69).
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Anesthet ic  Tech.nics

Pigs are difficult to anesthetize because their size and tempera:
ment make them hard to restrain , superficial veins are often not readily
ava il able , and laryngospasm can complicate intubation . Several differ-
ent agents are administered as sedatives for restraint , muscle relaxants
for intubation , and inhalation agents for anesthesia. It is easier ,
therefore , to discuss the complete anesthetic regimens that different
investigators have used rather than discussing each anesthetic agent
independent of one another.

Pentobarbital sodium 22 mg/kg IV has been administered through the
subcutaneous abdominal vein (cranial superficial epigastric vein) (120).
A dose of 10-30 mg/kg IV has provided anesthesia for 15-45 minutes (69).

The optimum dose of 10% thiamylal sodium was considered to be
2 ml/lOO lb (45 kg) up to 400 lb (180 kg) and 0.5 ml for each 100 lb
above 400 lb , up to a maximum of 10 ml administered through the marginal
ear vein (86). A dose range of 10-20 mg/kg thiainylal sodium has also
been recommended (69) .

Methods for anesthetizing pigs for heart-lung bypass have been
investigated (96). The following technics for induction were evaluated:

1. Thiamylal sodium 10% injected into the marginal ear vein at a
dose of 12-18 mg/kg. Pigs were intubated and administered 2.S%-3%
halothane for induction which was reduced to 0.75%-l% for maintenance.
Pigs were often difficult to intubate due to laryngospasm.

2. Succinylcholine chloride 1 mg/kg TM provided relaxation . A
canine face mask was used to administer oxygen. After 1-2 minutes the
pigs were intubated and maintained on halothane . Succinyicholine pro-
vided consistent relaxation and immobilization.

3. Fentanyl 0.4 mg and droperidol 20 mg/l4 kg TM plus atropine
sulfate 1 mg/20 kg were administered as preanesthetics . Following
tranquilization , 4% halothane was administered through a canine face
mask. The pigs were intubated and maintained on 0.5%-l.S% halothane.
The addition of 50% nitrous oxide decreased induction time by half and
reduced the amoun t of halo than e used prior to intubation. This was
the technic of choice for induction .

During cardiopulmonary bypass , volatile anesthetics could not be
used because of pulmonary artery occlusion . Anesthesia was maintained
by titrating 10% thiamylal into the reservoir of the oxygenator. A
second technic utilized 0.3 mg/kg d-tubocurarine chloride , followed
with 0.5 mg fentanyl and 12.5 mg droperidol in 100 ml of saline adam -
istered as an IV infusion in a 1-hour period. After the first hour ,
anesthesia was maintained with IV infusion of 0.5 mg fentanyl in 500 ml
saline at a rate of 0.1 mg/hr. Fentanyl administered at a rate
faster than 0.1-0.2 mg/hour produced hypotension. Atropine 1 mg/20 kg
had tc be administered every 2 hours to prevent bradycardia. Fentanyl-
droperidol anesthesia was considered superior to thiamylal-halothane
ane sthes ia , which produced a marked negative effect on myocardial con-
tractivity and increased peripheral vascular resistance . The potent
analgesic effect of fentanyl was considered advantageous during the
recovery period.
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Three of six pigs died in ventricular fibrillation 30-60 minutes
after being removed from positive pressure ventilation where they had
been ventilated 20 cycles/nm , +25 and -6 cm 1120. This technic
resulted in respiratory alkalosis and lowered arterial pressure . Prob-
lems of fibrillation due to ventilation were eliminated when arterial
Pc02 and pH were maintained at normal values using a rate of 12/mm at
pressures of +15 and -6 cm H20 (96).

Pigs have been premedicated with 30 mg/lb (66 mg/kg) Innovar-Ve t
and 0.4 mg/lb (0.88 mg/kg) atropine sulfate ; 20 minutes later , halothane
was administered through a face mask. When a light plane of anesthesia
was achieved , 0.5 mg/lb (1.1 mg/kg) IV succinylcholine chloride was
administered in the marginal ear vein and the pig was intubated. Res-
p iration was controlled for 5-6 minutes until spontaneous respiration
resumed. The anatomy of the pig larynx and pharynx and the technic
used by the authors to intubate pigs were described in detail (27).

Succinylchol ine  0.88-1.1 mg/kg IV administered through a 25-ga
needle  in the  marginal  ear vein has resulted in muscle re laxat ion and
cessation of spontaneous ventilation for 4-7 minutes. An endotracheal
tube and esophageal s te thoscope were passed , and the animal was anes-
thetized with halothane during the period of muscle relaxation (28).

Forty sows weighing 140-473 kg were premedicated with 2.5 mg
at ropine  su l f a t e  subQ , followed with  1.5-2 mg/kg phencyclidine R d .
The sows became recumbent within 5 minutes. A mask was used to admin-
ister an initial concentration of 7% halothane in a 3:2 H2O-02 gas
mixture. Halothane was reduced to l.5%-2.5% for maintenance. Concen-
trations as high as lO%-l2% halothane were administered for short
periods to provide sufficient relaxation for intubation (130).

The greatest difference between doses of phencyclid ine in the pig
is duration of effect. In one study (129) the average time for the
normal gait  to be restored was 2 hours at 1 mg/kg , 3 hours at 2 mg/kg,
and 24 hours at 8 mg/kg. There was a high degree of individual varia-
tion. The optimum dose rate for the production of sedation with
complete ataxia and no evident toxicity appeared to be 2 mg/kg. In
some he avy an imal s over 125 k g,  a dose of 2 mg/kg was not sufficient to
produce recumbency. Half the original dose was repeated 10 minutes
after the first injection to achieve recumbency .

K etamine  was evaluated in swine as an anesthetic and immobilizing
agent. As the sole anesthetic agent , ke tamine 20 mg/kg IM was adequa te
for short surgical procedures lasting 10-20 minutes . Prolonged surgery
required supplementation with either 2% lidocaine by local infiltration ,
thiopental sodium 6.6-11 mg/kg IV , ketamine-thiopental sodium combina-
tion followed by 2% halothane in oxygen via endotracheal tube , or 2%
halothane via face mask. Atropine sulfate 0.04 mg/kg IN was administered
to control salivation . Excitement frequently occurred during the
recovery period in animals that were not supplemented with thiopental
sod ium or halothane . Two boars that received ketamine died during the
recovery period. Ketamine in swine appears to offer its greatest advan-
tage as an immobilizing agent (131).

Pigs weighing between 50-100 kg were anesthetized with ketamine
15 mg/kg IM for induction , followed by suxamethonium (succinyicholine)
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1 mg /kg  IV in the lateral ear vein to facilitate endotracheal intuba-
tion . Maintenance anesthesia was with nitrous oxide-oxygen 3:1 liters/
mm plus supplemental barbiturate as required . Further relaxation was
achieved with gallammne or tubocurar ine . Gal lamine  t r i e th iod ide  120 mg
was administered as soon as respiration recommenced , and was supplemented
with 80-120 mg as required (average dose 0.07 mg/kg per hour). The
adult human dos~ sof neostigmine and atropine counteracted both gellamineand tubocurarine . Gallamine 720 mg adminis tered  over a 9 0 - m m  per iod
could be reversed with 0.6 mg atropine and 1.25 mg neostigmine (101).

Malignant hyperthermia has been triggered in swine (P~ 1and China ,
Landrace , rietrain) by halothane , chl oroform , succinyicholine Cl , and
stress , but not by thiopental or nitrous oxide . Early blood changes
include hypercapnia , acidosis , high inorganic phosphate , and excess
lact ic  acid. Cl in ica l  signs began with tachycardia , hypervent i la t ion ,
r i g i d i t y ,  and b lo tchy  skin cyanosis , and progressed to hypertherinia
(average 110°F) (43°C) , cardiac arrhythmia , bradycardia , and death (53) .

At USAFSAJ4 we use 2 . 5 %  pentothal  sodium (10 mg/k g IV) administered
through the lateral ear vein or venous sinus located at the medial
canthus of the eye. The barbiturate anesthesia is titrated to produce
l i gh t  anes thes ia .  Halothane at a 4% concentration is administered by
means of a face mask until relaxation is sufficient to enable endo-
t racheal  in tubat ion  by the technic described on page 30. Anesthesia  is
maintained with l%-2% halothane. Pentothal is our anesthetic of choice
for induction . Induction is quick and its e f fec t s  are not present when
the halothane anesthesia is terntinated. We have used a mixture of 1.5
mg Acepromazine , 4 mg Demerol , and 0.04 mg atropine per kg IM as a
preanesthetic. With this preanesthetic the swine do not become sedated
before 15-20 minutes and still often resist manual restraint . Phency-
clidine administered as a preanesthetic at a dose of 6 mg/kg TM has
been recommended by one author to provide at least 2 hours of anesthesia
under which swine could be intuhated (95). We were not able to intubate
swine with phencyclidine without supplemental halothane to relieve the
laryngospasm. Thirty miniature swine received 6 mg/kg phencyclidine
and 0.4 mg/kg atropine sulfate and were maintained on halothane for
10-15 minutes to enable muscle relaxation sufficient to obtain baseline
electrocardiograms . Two of these pigs remained recumbent for 24-36
hours before dying. Pigs anesthetized for cardiac bioinstrumentation
with phencyclidine and halothane had prolonged recovery periods com-
pared to pigs anesthetized with a pentothal-halothane combination.

ANESTHETIZ INC HORSES

Difficulties in handling and managing horses are primarily due to
their size and weight. Nervous and highly excitable animals may injure
themselves and their handlers . Special precautions are needed to pre-
vent injury when a horse falls following administration of an anesthetic
and struggles during recovery (122D) .

Anes thetic comp lication s in the horse usual ly  involve the respira-
tory and cardiovascular systems and occur most frequently dur i ng
induction , the early phases of maintenance , and recovery . Recognition
and treatment of the most frequently encountered anesthetic complica-
tions in the horse have been described (113).
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Preanesthetics

Antlcholinerglcs -Atropine sulfate 0.04 mg/kg subQ or IM (112),
or up to 65 zig (l22D), may be administered 20 minutes before anesthesia .

Narcotics - -

1. Neperidine Rd 0.5 mg/kg IM is administered 45 minutes before
anesthetic induction . It may be administered by the IV route during or
immediately following surgery for analgesia. Doses of 500-1000 mg TM
have been used for pain of colic and postsurgery (122D) .

2.  Morphine - -Horses  become exci ted  at doses above 200 mg IV;
below 200 mg ,  sedat ion is not ou t s t and ing .  To avoid exci tement , mo r-
phine should be combined with a tranquilizer (122D) .

3. Pentazocine (Taiwin) 200-400 zig IV (122).

Tranquilizers - -

1. Chlorpromazine hydrochloride is contraindicated in horses. It
produces severe hypotension and excitement ( l22D) .

2. Promazine hydrochloride 0 . 5 - 1  mg/k g IV or TM ( l22D) .

3. Acepromazine 0.05-0.1 mg/kg. Large doses produce excitement
( 122D)

4. Xylazine (Rompun) is currently considered the best sedative in
horses. Within 15-20 minutes , it produces deep sedation that lasts for
30 minu te s  ( l22D) . Xylaz ine  by the IV routes has sedated horses to the
point  where they were almost unable to support themselves ; 1.1 mg/kg IV
or 2 . 2  mg/kg TM provided good sedation . Atropine su l fa te  0.0 11 mg/kg
IV was administered to prevent second-degree atrioventricular block
induced by IV xy l az in e . Fol lowing adminis t ra t ion  of xylaz ine , horses
were s a t i s f a c t o r i l y  anes the t ized  wi th thmamyla l  sodium and halothane (56) .

- 

Muscle Re l axants ( l 2 2 D ) - -M u s c l e  relaxants are used to f ac i l i t a t e
endotracheal  intuba t ion , control  movements and kicking during inhalation
anesthesia induction , and provide relaxation as indicated for surge~ry.Muscle  r e l axan t s  should not be used withou t  adequate equipment for
a r t i f i c i a l  v en t i l a t i on  nor used wi thout  analgesics.

1. D-tubocurarine . Doses which prevent motor response to stimula-
tion also impair respiration . A dose of 0.2 mg/kg produces respiratory
pa ra lys i s.

2. Gallamine triethiodide 0.11 to 0.22 mg/kg produces complete
musc le  r e l a x a t i o n  and resp i ra tory  arrest for 10-20 minutes , which can
be reversed with 30-60 mg atrop mne plus 10 mg neostiginine . Its use in
the horse  is  not recommended.

3. Succinylcholine chloride 0.12 to 0.15 mg/kg IV will produce
paralysis without serious respiratory embarrassment . Doses of 0.1 mg/kg
may be administer ed as required during surgery . Dilute solutions may
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be infused  at a rate of 0 .03  mg/kg per minu te .  I t  is rapidly hy dro-
lyzed , therefore short-acting (2-3 m m ) .  IV administration produces
tachycardia , inc reased blood pressure , and arrh ythmias . Doses of 0 . 18
mg/k g IV have been used to cast horses; however , i ts use for this
purpose is questionable since bradycardia , cardiac irregularities , and
card iac arrest may occur. A large percentage of horses develop endo-
cardial  hemorrhage.

4. Guaiacol glycerine ether produces depression and drowsiness.
To cast a horse , 0.08-0.1 g/kg IV is administered in a 5% so lu t ion .
A 500-kg horse would receive 1 liter of a 5% solution . Action lasts
10-15 minutes , and there is a wide margin of safe ty . Thiopental  sodium
may be combined at a dose of 5 mg/ kg .

A general anesthesia should be used with muscle relaxants. The
effectiveness of local anesthetics is difficult to assess in a paralyzed
animal.

Basal Narcosis--Basal narcosis is depression without analgesia.
Chloral hydrate 4.0-4.5 g/50 kg IV is administered as a 10% solut ion .
Chloral hydrate is irritating and should not be administered outside
the vein .  ~iorses recover s u f f i c i e n t l y  to be able to stand w i t h i n  1 hour .
To prolong narcos is , pen tobarb i ta l  sodium IV should be admin i s t e red
slowly to effect. Basal narcosis is often supplemented with regional
anes thesia (122D ) .

Inhalation Anesthesia

Inhalation anesthetics are administered to horses by the semiopen
or closed (or semiclosed) technics. Chloroform is the only agent that
can be s a t i s f a c t o r i l y  adminis te red  through a face mask containing a
sponge soaked wi th  the anes thet ic .  Anesthet ic  c i rcu i t s  (circle and
to-and-fro) have been devised for large anima ls. Because of its
potency and low toxicity , halothane is the inhalation anesthesia of
choice in the horse ( 122D) . -

Technics for preoperative preparation and intubation of the horse
have been described and i l l u s t ra t ed  by a series of photograp hs (83) .

Preanes the t ic  med ica t ion  is used to decrease excitement in the
horse prior to anesthesia (112). Agents frequently used are tranquil-
izers acetylproniazine 0.04 mg/lb (0.09 mg/kg) IV, promazine 0.5 mg/lb
(1.1 mg/kg) IV , and xylaz ine 0.25-0.5 mg/lb (0.55-1.1 mg/kg) IV; the
narcotic meperitline 0.5 mg/lb (1.1 mg/kg); and atropine 0.02 mg/lb
(0.04 mg/kg) subQ or IN. Induction technics include inhalation anes-
thesia via a mask or rapid IV injection of sodium thiamnylal or sodium
thiopental 3 g/l000 lb (450 kg) if t ranqui l ized  or 4 g/ 1000 lb (450 kg)
if not tranquilized. Animals must be protected from injury when they
fall. Gradual induction may be achieved by administering a muscle
relaxan t, 1000 ml 5% glyceryl guaiacolate , plus 2 g thiamylal or thio-
pental  IV for a 1000-lb (450-kg)  horse. Following induction the horse
is lntubated and maintained on halotbane or inethoxyflurane.  The
i n i t i a l  concentrat ion of halothane administered is 5% , which is reduced
to 0 . 5 % - l %  for maintenance. Methoxyflurane is i n i t i a l l y  adminis tered
at a 3% concentrat ion and reduced to 1% for maintenance.  The most
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dangerous  t ine  is o f t en  during recovery ‘when animals sometimes become
f r a c t i o u s ; they can injure themselves and their handlers (112).

Halo thane  anes thes ia  produces resp iratory depression characterized
by a decrease in rate and tidal volume . Alveolar collapse and right-to-
left shunts result In hypercapnia and respiratory acidosis. Assisted
respiration has prevented alveolar collapse and maintained normal pH and
carbon dioxide tension . Horses with assisted respiration had higher 02
t e n s i o n  va l ues and were able to regain their fee t  in less t ime a f te r
anesthesia than horses whose respiration was unassisted. Premedication
with a tranquili :er (12.8 mg/kg TV prop iopromazine) and atropine sulfate

mg/100 kg plus thiopental sodium 0 .8  g/ lOO kg IV for ane s the t i c
i n d u c t i o n  produced only  s l i gh t  changes in Pc02 and pH (116).

Large animal anesthesia equipment is available from several  manu-
facturers ; the references for equine anesthesia (83, 112 , 113 , 116 , l22D)
should be consulted for detailed description of such equipment.

Intravenous Anesthesia

Thiopental sodium 1 g/90 kg may be administered by rapid IV injec-
tion . Within 30-40 seconds the horse is unconscious and relaxed , and
surgical anesthesia is sufficient to perform short surgical procedures
and c a s t r a t i o n .  To prevent violent recoveries , a tranquilizer should
be admin i s t e r ed  as a p reanes the t ic .  Hobbles should be applied to
prevent  the horse from r i s ing  as anesthesia  lightens . Following admin-
istration of thiopental sodium , a light dose of succinyicholine 0.1
mg/kg IV may be aàministered to facilitate endotracheal intubation .
Pentobarbi ta l  1 g IV plus the recommended dose of promazine or acetyl
promazine  is used for sedation without  cast ing (l22D) .

ANESTHETIZ ING NONHUMAN PRIMATES

Preanesthetics

Anticho linergics- -Atropine sulfate 0.04 mg/kg TM.

Narco t ics -  -

1. Morphine 1-3 mg/kg subQ produces mi ld  depression and analgesia
in the chimpanzee. Mos t pr imates  require the same dose range as the
dog, 0 . 5 - 0 . 7 5  m g/ k g ,  or s l i gh t ly  h igher  to achieve sedation (122).

2. Meperidine is an excellent  preanesthetic for the chimpanzee at
a dose of 10 mg/kg TM. The analgesic  dosage is 3-5 mg/kg IM ( 15) .

Tranquilizers- -Tranquilizers are used as preanesthetics but should
not be used alone in large pr imates , such as chimpanzees , which may
present  a f a l se  appearance of sedation . The following t ranqui l izers
have been used wi th  good resul ts  in the chimpanzee (15 , 46 ) :

1. Chlorpronazine (Thorazine) 3-6 mg/kg TM.

2. Promaz ine  (Sparine) 100-300 mg TM.
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3. Propiopromazine 0 . 7 5  mg/kg IN.

4.  Oxazepa mn (Serax ) 10 mu g per os.

S. Prochlorperazine (Compazine) 10-20 mg 114.

Neuromuscular Blockers- -

1. Succinylcholine 2 mg/kg IV has been used for chemical restraint
and in conjunctionwith local or general  anesthetics (68) .

2. D-tubocurar ine . The paralyzing dose is 0.09 mg/kg (69).

Inhal ation Anes thes ia

A number of technics may be used for anesthet ic  induct ion pr ior  to
maintenance with an inhalation anesthetic:

1. The short-acting barbiturates such as thianylal 2.5% or thio-
penta l  sodium .5% IV may be administered through a catheter placed in
the cephalic or pop liteal vein , followed by intubation (79).

2. Halothane (3% concentration) has been administered through a
human ped ia t r i c  face mask.  For small primates such as prosimians , the
open endotracheal tube can be used to cover the nos t r i l s .  Inha la t ion
induct ion is ideal for small  p r imates  whose veins may be d i f f i c u l t  ~o
catheterize (79).

3. Baboons anes the t i zed  for neurosurgery have been induced w i t h
phencycl idine HC 1 1 mg/kg IM plus 2 . 5 %  th iopenta l  sodium IV to e f f ec t .
The larynx was sprayed wi th  cetacaine and an endotracheal tube was
passed. N 2 0 (60%) and 02 ( 4 0 % )  were administered at 3 l i t e r s/m m for
2 - 3  minutes , with every th ird or fourth inspirat ion assisted.  The total
flow was decreased to 2 liters/mm with l : l .H 2 0 - 02  and 0 . 2 5 %  halothane.
The halothane was gradual ly increased by 0 . 1 %  increments up to a max-
imum of 1% as the phencyclidine was metabolized and excreted by the
kidneys (99).

4. Anesthetic chambers have been used to induce primates that
are fractious or difficult to restrain (58).

An anesthetic chamber containing 4% halothane in oxygen has been
used for anesthetic induction of the squirrel monkey . Following induc-
tion the animals were intubated and maintained on l%-2% halothane (63).

At USAFSAJ4, induction is with 2.5% thiopental sodium 25 mg/kg IV,
titrated to effect. Atropine 0.04 mg/kg subQ is administered. Follow-
ing intubation , the inhalation anesthetic technic described on page 49
is used . Because of its rapid induction and recovery , halothane is
preferred over methoxyflurane (51). For small primates , a pediatric
circle system (semiopen) with high flow rates is used to decrease dead
space .

At the Holloman colony halothane was the inhalation anesthetic of
choice for the chimpanzee. Their technics for administering the halo-
thane have been described in detail (15, lOSA) .
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The ca rd iovascu la r  e f f e c t s  of halothane have been s tudied  in the
s tumpta i l ed  macaque (Macaca a r c to ide s) .  Dur ing both spontaneous and
con t ro l l ed  ventilation , cardiovascular function progressively decreased
as anesthesia increased from 1 to 2 MAC (minimum a lveo la r  c o n c e n t r a t i o n
of a n e s t h e t i c  to prevent  gross , purposefu l  movement  in response to a
p a i n f u l s t i m u l u s ) .  Mean a r t e r i a l  pressure  decreased 4 0 % - 5 0 % , and
cardiac output decreased 2 0 % - 6 0 % .  Ca rdiac dysrhy t h m i a s  occurred in a l l
monkeys , w i t h no r e l a t i o n s h i p between anes the t ic  level or v e n t i l a t i o n .
Cardio vascu la r  depression was less w i t h  spontaneous than w i t h  con t ro l l ed
ve n t i l a t i o n . Pos i t ive  i n t r a pl e u r a l  pressure  due to con t ro l l ed  ven t i l a -
t ion  decreased venous re turn ; hypocapnia due to con t ro l l ed  v e n t i l a t i o n
should  a l so  decrease s y m p a t h e t i c  s t i m u l a t i o n . Hype rcapn i a  and atelec-
tasis are problems of spontaneous ventilation ; therefore , it is recom-
mended that controlled ventilation be administered using a low inspired
to expired time ratio to decrease the total period of elevated intra-
thoracic pressure and at a rate to maintain normal ~~o2 v a l u e s .  Halo-
thane in M. arctoides had a greater depressant effect upon circulation
and a smaTTer marg in of safet y’ than in the dog or man (124)

The addition of N20 to ha lo thane  has resu l ted  in s i g n i f i c a n t l y  less
depression than halothane alone during spontaneous breathing . Similar
findin gs are obse rve d in man ( 1 2 3 ) .

Halothane anesthesia has been used for cesarean sections in pri-
- - mates . The mother  was ma in ta ined  on light surgical anesthesia. Depres-

sion of the infant disappeared after the first few breaths (79).

In j ec t i on  Anesthesia

Dissociative ajents- -

1. Phencyclidine (Sernylan) . Doses ranging from 0.25 to 5 mg/kg
IM produce sedation to catalepsis and analgesia. Doses above 5 mg/kg
TM produce tonic clonic seizures or involuntary movements resembling an
inadequa te  dosage. Since i t  provides l i t t l e  or no muscle re laxa t ion ,
phencyclidin e ’ s value as the sole anes the t i c  agent is ques t ionable  (79) .
Subcutaneous  a d m i n i st r a t i o n  prolongs the induction and recovery times
and , the re fore , i s  not  used.  IV admin i s t r a t i on  has the same e f fec ts  as
IM but with a shorter induction period. Table 2 shows the dose-related
effects of IM and oral phencyclidine in Macaca mulatta (82). Atropine
sulfate 0.04 mg/kg should be administered as a preanesthetic to prevent
excess salivation .

Phencyclidine supplemented with  shor t -ac t ing th iamyla l  or thiopen-
ta l  b a r b i t u r a t e s  prov ides good anes thes ia .  The barbiturates should be
titrated to effect since the dose is greatly reduced when combined with
phencyclidine (82). Phencyclidine combined with barbiturates may pro-
duce respiratory depression (99); therefore , all animals  should be
intubated and assisted every fourth or fifth inspiration .
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TABLE 2. ADMINISTRATION OF PHENCYCLIDINE TO MACACA MULATTA (82)

Ày .  t ime Av. t ime
Av. dose to onset to recovery
(mg/kg) (mm ) Effect (hr)

In t r amuscu la r

0 . 2 5  2 Calmness 0 . 5
0.5 2 Analgesia 1
0 . 7 5 3 Catalepsy 1.5
1.0 5 Surgical  anesthesia 2
1.5-5. 5 Surgical anesthesia 2-4
5 ~ over 6 Clonic spasms progressing to 4-6

i n t e r m i t t e n t  convulsions

Oral

0 . 7 5  55 -65  Calmness to ana lges ia  2
1.0 55 Analges ia  2
2.0-5.0 45-55 Surgical anesthesia 4

Small do ses of phen cyclidin e can be r epeated a s n eeded withou t
adverse effects. Phencyclidine 0.25-0.5 mg/kg TM plus a local anesthetic
at the incision site provides adequate restraint to perform a cesarean
sect ion without fetal depression (82).

Phencyclidine administered to the baboon at a dose of 1.2 mg/kg TM
produced at a xj a  w i t h i n  2 - 3  minutes  and a recumbent s ta te  l a s t i n g  2 -19
minutes . Complete recovery required 1-7 hours (133).

Phencycl idine (Sernylan)  is frequently used to restrain chimpanzees
and possesses a wide margin of safety. Stimulation rather than depres-
sion may occur in an occasional animal . Phencyclidine should not be
used when electroencephalograms are to be recorded since they are ad-
versely affected by the drug . The chimpanzee should be fasted ~2-l8hours and administered atropine sulfate 0.2-0.4 mg as a preamiesthetic .
For ch impanzee s  smal le r  than 23 kg ,  phencycl idine 0 . 2  mg/kg IM ~nay be
used for tranquilization ; larger chimpanzees may be aroused at this dos”
and be extremely dangerous . Phencyclidine 0.5-0.7 mg/kg TM is adequate
for procedures such as blood collec tion , tadiology , and physical exam-
ination ; a dose of 0.8-1.0 mg/kg TM provides anesthesia for 30-50 minutes ,
adequate for minor surgery . Anesthesia may be prolonged by administering
supplemental doses of phencyclidmne 0.5 mg/kg IM at 30-mm intervals or
with IV pentobarbital sodium or thiopental (15, 46).

Phencycl id ine  is not recomm ended for the owl monkey (Aotus triver-
gatus) because of prolonged recovery times and residual effects which
could affect experimental data. A dose of 1 mg/kg TM produced catalepsy
to deep sedation , with recovery requiring 3-7.5 hours ; 2 mg/kg TM had a
recovery period of 8-14 hours , with residual effects lasting up to 24
hours ; 3 mg/kg IM had a recovery period of 8.5-14 hours , with residual
effects up to 36 hours (9).
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2. Ke t amine . Keta mjne is routinely used in nonhuman pr imates .
Data from 615 n onhuman prim ates anesthe t i zed a total of 1, 039 times
with ketamine have been reported. Very young animals required higher
dosages per ki logram than did middle-aged adult s; l ikewise , smaller
species required a higher dosage than the larger species.  Induction
was rap id , less than 6 minutes .  Durat ion of anesthesia was 20-55
minutes , wi th  complete recovery in 1-3 hours . Atropine ( 0 . 0 4  mg/kg)
should be administered to control sal ivation . Rapid adminis t ra t ion
or high dosages of keta mnine produces some respiratory depression ;
there fore , agents which depress resp irat ion should be used cautiously
when admi nis tered in conj unction with ketamine (7). Table 3 lists
suggested in i t ia l  dosages of ketami ne by species for chemical res t ra in t
and surg ica l  anesthesia.

TABLE 3. SUGGESTED INITIAL DOSAGES OF KETAMINE FOR PRIMATE SPECIES (7)

Chemical  Surgical
Rest raint Anesthesia

Species (mg/kg) (mg/kg)

A. t r ivj r~ atus 10 .0-12 .0  2 0 . 0 - 2 5 . 0
C. capuchin 13.0-15.0 25.0-30.0
~~~. torgu atus ~~~~ 5 .0-  7.5 10.0-15.0
~~~. ae thiops 10.0-12.0 2 5 . 0 - 3 0 . 0
E. patas — 

3.0- 5.0 5.0 7.5
~~~. gor i l la  gor i l la  7 . 0 - 1 0 . 0  12.0 - 15.0
IT. Tar 5.0-10.0 10.0-12.0
L. ca t ta  7 . 5 - 1 0 . 0  10 .0 -12 .0g. f a s c i cu l a r i s- i r us 12 .0 - 15.0  2 0 . 0 - 2 5 . 0
~ T. fusca ta  5.0
M. mu la t t a  5 .0 - 10 .0  2 0 . 0 - 2 5 . 0
IT. nenest r ina 5 .0-  7.5 20.0-25.0g. radia ta  12 .0-1 5 .0  2 5 . 0 - 3 0 . 0
IT. sil enus 10 .0 - 12 .0
IT. speciosa 5.0- 7.5 20.0-25.0
IT. t alapo in 5 .0-  7 .5  10 .0 -12 .5
V. t roglodytes 5 .0-  7.5 10.0-15.0
V. anubis 5.0- 7.5 10.0-15.0
V. cynocephalus 5.0- 7.5 7.5-10.0
V. papio 10.0-12.0
~~~. pygmaeus 5 .0-  7 .5  12 .0-15.0
!~~. entel lus  2 . 0 -  3.0 3.0-  5 .0

-
~~ . sciureus 12.0-15.0 25.0-30.0
!. syndactylus 5.0- 7.0 7.0-10.0

~~a n Ma~ aca nemestrina 19-35 days old and weighing 450-865 g
-
~~~ ~ TT~ -anesthetized for a 3-4-ho~r surgical procedure , using- - - ‘ ~‘~ /k g IN and sodium thiamylal 15 mg/kg IV. Ketamine and

~r * -.-1a1 are short-acting anesthetics in adult monkeys ; however ,
i n~~ they are relatively long-acting--9.4 hours when thiamylal

m d  4.8 hours when combined with ketamine. Successful
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anesthesia in infant monkeys required monitoring and controlling body
temperature , resp irat ion , and pulse during surgery and adequate hydra-
tion and body temperature maintenance postoperatively (12).

Twenty-five chimpanzees were anesthetized a total of 975 times
during a 28-month period.  To produce restraint , a mean dose of 9.2
mg/kg TM ketamine was administered.  Induction time was 4 . 9  minutes ;
anesthetic t ime , 26.1 minutes;  and recovery time , 57 .6  minutes . Toler-
ance to repeated injections was not evidenced by shortened anesthetic
time (61)

3. CI-744 is a combination of tiletamine (CI-634) , a dissociative
agent , and flupyrazapon ( Cr - 7 l 6 ) ,  a t ranqui l ize r.  This combinat ion
provided excellent surgical anesthesia with good muscle relaxation .
The dose for primates was 2-6  mg/kg IM; induction time , 30 sec on ds to
6 minutes.  The anesthetic time increased as the dose of CI-744 was
increased , and varied with individual species. Full recovery occurred
1 hour after righting reflexes were regained. Pharyngeal and palpebral
reflexes were maintained in all animals. CI-744 is a safe agent with a
wide range of doses and easy to administer  (14 , 90) .

Innovar -Vet - -The combination of droperido l (a t ranqui l izer )  and
fentanyl (an analgesic narcotic) produces profound tranquilization with
a reduced pain response. It may be administered either TM or IV and is
used for minor surgical procedures. Atropine is administered to prevent
brad ycardia. The fentanyl portion may be reversed with nalorphine HC1.
The IM dose is 1 ml/ 9  kg for  most  primates. For the squirrel monkey
(Saimiri) the dose is reduced to 0.05 mi/kg IM (15, 122B) .

Innovar-Vet and phencyclidine combinations have been used. The
animal was f i r s t  sedated wi th  phencyclidine 1-3 mg/kg Dl , followed wi th
Innovar-Vet  1 ml/ 18 kg. This comb ination produced stage I I I , pl ane 1
or 2, surgical anesthesia; muscle relaxation was fair. The period of
effectiveness is l imited by the fentanyl portion of the Innovar-Vet .
The phencyclidine may produce shallow respiration, and vent i la t ion may
need to be assisted to insure adequate gas exchange (79).

Innovar-Vet 0.05 mi/kg I�4 has been used in chimpanzees with unpre-
dictable results (15).

Barbi tura tes- -Only  the short-act ing barbi turates , thiamylal or
thiopental , are recommended. They are used pr imari ly  for induction to
enable intubation prior to administering an inhalation anesthetic or
for short procedures lasting 10-15 minutes .  We use 2 . 5 %  thiopental
sodium 1 mi/kg IV administered through an intercath placed in the pop-
liteal vein. The intermediate barbiturates such as pentobarbital
(30 mg/kg IV) are unsa t i s fac tory  because of their long recovery periods
of 4-5 hours or more.

The chimpanzee does not appear to go into an excitatory stage when
barb iturates are administered. Thiopental sodium or pentobarbital
sodium are administered at a dose of 30-35 mg/kg IV (15).

83 

-- -r— - .- 
- 

, - -
~~~~~~

--
~
-

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



ANESTHBTIZ 1NG RATS

Inhalation Anesthesia

Volat i le  anesthetics (ether , methoxyflurane , and halothane)  have
been adminis tered by means of anesthetic chambers , nose cones , masks ,
and tracheostomy (69) .

Inhalation anesthesia , with an anesthetic machine and a pediatric
mask that could be placed over both the nose and mouth for minimal
leakag e, consisted of an initial mixture of 40% ether , 50% N20, and 10%
02 .  To prevent b rea th-ho ld ing ,  a small amount of carbon dioxide was
added to stimulate regular breathing . During surgery , a 50% ether ,
35% N~ O , and 15% 02 mixture was used. To terminate anesthesia , a 70%
02 ,  20% helium , and 10% C02 mixture was administered for 5 minutes ,
followed by 100% 02. The rats awakened in about 7 minutes. This
technic was used for 250 rats (45) .

A mult icompar tm ent , p lastic , anesthetic box u t i l i z i ng  methoxyflu-
rane was used to anes the t ize  up to 10 rats at one time for  inter im and
te rmina l  bleeding prior  to necropsy for toxicologic s tudies .  The
degree and duration of anesthesia could be controlled for each compart-
ment (89).

A technic has been developed and described for in tubat ing rats so
that halothane anesthesia may be maintained with a closed-circuit
anesthet ic  machine (137).  The rats were wrapped with a towel and
induced with halothane by means of either a nose cone containing halo-
thane  or a syringe barrel  attached to a halothane-oxygen-primed anes-
thetic machine. The tracheal cannula assembly consisted of a 14-ga
4-in (10-cm) stainless steel cannula with stylet and spatula (52).

The rat has been resuscitated by modified mouth-to-mouth ventila-
tion : holding rubber tubing over the nostrils and mouth , the operator
breathes rapidly in the other end. Care is taken to not overinflate
the lungs (87A) .

Inject ion Anesthesia

Int ravenous  anesthesia is administered through the saphenous or
the tail vein. To aid in visualizing this vein , the cornified skin
layers may be scraped off , heat may be applied to the ta i l  by a heat
lamp or immersion in hot water , or a venous cutdown may be performed.
In t raca rd iac  and in t ramedullary  routes are rarely used (87A) .

Chioral hydrate , chlorb utanol , chloralose , urethane , and paral-
dehyde possess many disadvantages and are rarely used (69).

Pentobarbital sodium 30-40 mg/kg IV or IP produces anesthesia in
5-15 minutes  and la3ts for 45 minutes .  To prolong anesthesia , 25 % of
the original dose may be adm inistered as required. The LD5~ variesbetween 48 and 100 mg/kg because of age , sex , wei ght , and strain differ-
ences (l22A). Progressively increasing doses of pen tobar bit al sod ium
(20 mg/kg per step) were administered by the IP route at 7-day intervals
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in 7 strains of adult male j uice. The LD5Ø was achieved at a signifi-
cantly lower dose for 4 albino strains (60-70 mg/kg) than for 3 pigmented
strains (90-120 mg/kg). The total sleeping time was also decreased in
the pigmented strains (106).

Rats (Rattus norvegicus) have been anesthetized with ketamine HC1
44 mg/kg TM. Anesthesia was satisfactory for heart puncture , laparo-
tomy , and skin grafting. Recovery occurred within 15-25 minutes .
Excess salivation was controlled by administering atropine 0.04 mg/kg
IM (138).

CI - 7 4 4  20-30 mg/kg IP has produced sa t i s fac tory  anesthesia. Sleep-
ing time averaged 68-90 minutes; induction time , 3 minutes. Relaxation
was excellent (134).

Rats averaging 298 g were sedated with  0.13 mi/kg  EM Innovar-Vet.
Induction time averaged 5-8 minutes; anesthesia , 30 minutes. The rats
were alert and appeared to return to normal activity in 1-2 hours (66).

ANESTHETIZING MICE

Survival is increased when appropriate postanesthet ic  care i~ pro-
vided. Temperature should be maintained at 800-850F (27o -30 0C) . Fluids ,
0 . 5  ml 20% g 1ucos~ or 0 . 2 5  ml 0 . 8 5 %  NaC l, may be administered IP.

Inhalation Anesthesia

Technics similar to those described using ether , methoxyflurane ,
and halothane for rats and guinea pigs have been administered through
chambers , nose cones , and masks.

Ether induction in a closed chamber , with maintenance by a small
nose cone , resulted in profuse salivation al2d mortality as high as 50%
during major surgery (122A) . Chloroform is contraindicated in male
mice of the C3H , DBA , CBA , CcH f ,  A , Balb-C , and HR strains . Marked
l iver  and kidney damag~ resul ts  in high mor ta l i ty  (87L , 118 , l22A).

Many mice were anesthet ized in a closed-system chamber ~or up to
60 minutes. For C02 absorption , a bed of soda lime covered the bottom
of the chamber. Fluothane or methoxyf lurane  was used alone or in
combinat ion wi th  n i t rous  oxide . Halothane administered through a Fluo-
tec vaporizer was considered the most effective anesthetic (1]).

— The e f fec t  of methoxyflurane on C3H/HeJ male mice 3.5 months old
and weighing 30 g each was studied. A beaker containing methoxyflurane
was placed in a closed chamber. Exposures of 20 minutes or less pro-
duced no mortality in normal mice ; above 20 minutes , the incidence of
mortality increased. Mice in the chamber for 10-20 minutes remained
anesthetized for 5-10 minute~ when exposed to room air. When respira-
tions decrease below 10/10 sec , the mice should be removed from the
chamber. A complicat ing factor is anoxia and carbon dioxide accumula-
tion in such closed chambers (44).
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A technic for endotracheal  intubatj on and the adminis t ra t ion  of
pos i t ive-pressure  oxygen in mice undergoing surgical removal of the
thymus gland has been described (114). The apparatus consisted of
three parts: (1) flow valve , bubble meter , high-pressure-limit assem-
bly; (2) positive-pressure valve ; and (3) endotracheal catheter , Teflon
“spaghetti” tubing 0.222-0.344-in (0.56-0.87 cm) diameter.

Injection Anesthesia

Int ravenous anesthesia  is adminis tered with  a 1-mi tubercu l in
syringe and a 2 5 - 2 7 - g a  needle through the lateral tail vein . Warming
the tail with a lOO-W bulb or by hot-water immersion produces vaso-
dilation to facilitate venipuncture (l22A) .

Pen tobarb i t a l  sodium 40-70 mg/kg IV or IP had an induct ion time of
5-10 minutes  and a duration of 20-30 minutes ; mortality was below 10%
(87L). At a dose of 80-90 mg/kg IV or IP , mice have exhibited a wide
variation in response--from death to not being anesthetized (122A) .
In mice anesthetized with pentobarbital , males appear to sleep longer
than females (87L , 122A) . The lower dosage range of pentobarbital can
be used if a p reanes the t ic  such as chlorpromazine 50-60 mg/kg TM is
administered or the pentobarbital anesthesia is supplemented with
inhalation anesthesia (122A) . Thiopental 25-50 mg/kg IV and hexobarbital
100 mg/kg IP have been used in the mouse (87L).

Mice have been satisfactorily anesthetized with ketamine 44 mg/kg
IM and atropine 0.04 mg/kg. Orbital sinus puncture , venous cutdown,
and laparotomy procedures were performed.  Recovery occurred wi th in
15-30 minutes  (138) .

A 10% solut ion of Innovar-Vet in physiological saline was used to
anesthetize mice averaging 27 g in weight. A dose of 0.002 ml/ g  TM
10% I nnovar -Vet  provided sa t i s fac tory  anesthesia to perform trunk skin
gra f t s  and orbi ta l  b l eeding;  0 .005 mi/ g  114 provided deep anesthesia for
per forming sp lenectomies (66) .

ANESTHETIZING GUTNEA PIG S

— . Inhalation Anesthesia

Methoxyflurane is considered the inhalation agent of choice (25, 69,
lOSE) . Anes the t i c  deaths are 2% with methoxy f lurane , 8% with ether , and
13% with pentobarbital (87E). Induction may be in an anesthetic chamber
or Bell jar. Maintenance anesthesia can be supplied using a nose cone
constructed of blotter paper and filled with gauze , with the anesthetic
dr ipped on the cone. To maintain a smooth anesthetic plane , the distance
between the nose and cone may be varied. A modified mouth-to-mouth
r e s u s c i t a t i o n  technic  has been described using a 1-in-diameter (2.5-cm-
dia) hollow tube placed over the mouth and nos t r i l s .  The f ingers  are
pressed under  the sternum against  the diaphragm to determine if the
lungs are  b eing over distended (87 E ) .
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Ether has been administered in an ether jar or face mask. To
prevent copious secretions , 0.25 mg atropine was required (122A) . When
0 .4  mg atropine was administered with ether anesthesia , excess bleeding
occurred during surgery (8Th). This high dose of atropine probably
accelerated heart rate and blood pressure , which caused the increased
bleeding.

Injection Anesthesia

Intravenous anesthetics are difficult to administer because of the
small size of the peripheral vessels. A 26-28-ga needle may be used for
the lingual vein , marginal ear vein , or the dorsal vein of the pen is.
Intraperitoneal injections are dangerous because of the large size of
the u r ina ry  bladder , the gallbladder , and the liver (87E , l22A).

Pentobarbital sodium 23 mg/kg IP had an induction period of 15
minutes and produced anesthesia that lasted 1-2 hours . Complete recov-
ery has taken as long as 12 hours (25). Pentobarbital has been used
with a number of preanesthetics . Chlorpromazine 25 mg/kg IM plus 30
mg/kg IP pentobarbi tal  had an induction period of 15 minutes and pro-
duced surgical anesthesia lasting 50 minutes (l22A) . Pentobarbital 10
mg/kg -TM has been combined with procaine HC1 300 mg/kg IM; and pento-
barbital 30 mg/kg TM with meperidine 2 mg/kg (87E). The LD50 was
reached at a lower concentration of pentobarbital  when administered with
procaine or meperidine . Pentobarbi tal  sodium is contraindicated for
cesarean sections in the guinea pig because of neurological sequelae in
the newborn ( l2 2 A ) .

Adult guinea pigs averaging 926 g assumed a relaxed limp posture
when given Innovar-Vet 0 .08  mi/kg  TM. Anesthesia was su f f ic ien t  to
perform cardiac punctures. Sedation lasted approximately 30 minutes
and could be prolonged by injecting 25%-50% of the initial dose (66).
Innovar -Vet 0 .44  mi/kg TM provided anesthesia adequate for laparotomy
but inadequate for eye enucleation ; 0.88 nil/-kg TM was most desirable for
both procedures. The guinea pigs were unable to right themselves for
120 minu t e s .  Foot re t rac t ion , corneal , and audi tory reflexes were
absent 180 , 150 , and iSO minutes respect ively.  For surgical  anesthesia ,
0.66-0.88 mi/kg TM is recommended as a safe dose (103).

Xetamine HC1 22 mg/kg IM provided sedation sufficient to decrease
pain reception for 5-10 minutes to enable venous cutdowns . Dorsal
recumbency was resisted.  Recovery was rapid , with excess salivation
in 5 0 % .  Ketamine 44 mg/k g IM plus a t ropine 0 .4  mg/kg TM abolished pain
perception for 15-25 minutes to permit general surgery (laparotomy).

— Dorsal recumbency was not resisted , and recovery was rapid (138).

C I - 7 4 4  was not considered a satisfactory anesthetic in guinea pigs
at doses up to 80 mg/kg TM , since they failed to become adequa tely
relaxed and responded to external  stimuli (134) .

Epidural  anesthesia has been used to perform adrenalectomies.
Chlorpronmazine 2 mg/100 g was administered in the axillary fold. A
23-ga 1-in (2.5-cm) needle was inserted into the lumbosacral space , and
warm 1% lidocaine 0.2-0.25 ml was injected slowly . The effect  was
prompt and lasted 40-50 minutes (69).
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Epidural anesthesia has also been administered through an intra-

venous catheter. The catheter was passed through a 19-ga needle inserted
into the intervertebral space at the lumbosacral level. The catheter
was advanced 1 cm into the canal and secured by a suture in the skin
a f t e r  the needle was removed. Warmed to body temperature , 1% lidocaine
with  1:100 , 000 epinephrine was in jec ted  at a ra te  of 0 .2  ml for  guinea
pigs we igh ing  less than 500 g and 0 . 2 5  ml for those larger  than 500 g .
Onset was prompt and anesthesia  lasted 40-50 minutes .  Anesthesia  could
be prolonged by repeated inject ions throug h the catheter , t i tra ted to
effect. A preanesthetic tranquilizer (propriopromazine) was administered
by the subcutaneous route at a dose of 5 mg/300 g or smaller , 7.5 mg/
300-500 g, and 10 mg/500 g or larger guinea pigs 15-30 minutes before
lumbosacral  ca the te r i za t ion  (128).  Recovery was complete in 2 - 3  hours .

ANESTHETIZING RABBITS

The rabbit  is very d i f f i c u l t  to anesthetize , and susceptibility to
anesthesia varies widely . For surgical anesthesia , the rabbit has a
large dose range for many anesthetics . The margin of safety between
surg ical anesthesia and death is narrow for barbiturates , ether , chloral
hydrate , and paraidehyde (71).  The inhalat ion anesthet ics  are safe r
and easier  to control ;  however , the rabbit is difficult to intubate be-
cause of a relatively long curved mouth and a narrow opening that makes
it hard to visualize the larynx . The standard eye-blink reflex is not
reliable in the rabbit since it often persists after the surgical stage
of anesthesia has been achieved. Depth of anesthesia is usually moni-
tored by respira t ion and the toe-pinch r e f l ex .  Respira tion should rema in
regular , deep , and slow ; when it becomes shallow and intermittent , anes-
thesia is too deep (871). The normal respiratory rate is 60/mm ;
surgical anesthesia is achieved when the rate is 15-20 m m .  Respiration
should not be allowed to decrease below iS/mm . The rabbit is unique
in that its liver contains large quantities of atropine esterase;
therefore , it can tolerate large doses of atropine (871). -

Preanesthetics (69)

Atropine sulfate 0.04 mg/kg TM.

Acetyipromazine 1 mg/kg TM.

Chlorpromnaz ine 7 . 5  mg/k g IV; 25-100 mg/kg IN produced seve re
necrotic lesions in the thigh muscle.

Diazepam 5-10 mg/kg TM.

Propiopromazine 5-10 mg/kg TM.

Inhalation Anesthes ia

Inhalation anesthesia is the route of choice in the rabbit. Induc-
tion has been with short-acting barbiturates or with inhalation anes-
thetics administered by face mask , anesthetic chambers , or endotracheal
tube.
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Intubation- -A variety of technics have been developed to intubate
the rabbit , a d i f f i cu l t  species to j n tubate  ( S O ) .  Rabbits have been
intubated while awake without the use of preanesthetics . The animal
was placed in a res t ra int  box and a 4 - in  (10-cm ) 17 French cuf f less
endotracheal tube of semirigid plastic tubing was used. The rabbit was
given pure oxygen to breathe until resp i ra t ion  was normal , then anes-
thesia was induced with methoxyflurane (50).

Ketamine HC1 diluted 1:2 with 0.85% saline has been injected in
the marginal ear vein at a dose of 15-20 mg/kg and a rate of 100 mg in
10-15 seconds . This subanesthetic dose of ketamine permitted smooth
endotracheal intubation and induction . A Miller #2 laryngoscope blade
was modified by wrapping it with 0.5-in (1.3-cm) adhesive tape to pre-
vent the rabbit’s upper incisors from obstructing the view . A 3-mm-ID
endo tracheal tube was used (67 ) .

Rabbits premedicated with 10 mg/kg acetylpromazine maleate and 0.3
mi/k g paraldehyde became quiet in 15-30 minutes . When quiet , the rabbit
was placed in a cat bag , with its head exposed. The neck was hyper-
ex tended , and a wood-dowel mouth gag with a hole in it was placed in the
mouth. A tapered 16 French endotracheal tube , 2.5-mm ID , was passed
through the hole in the mouth gag . As the tube reached the epig lottis ,
the larynx was compressed with the fingers so the rabbit would gasp and
the tube could be in~

’erted into the trachea. Cetacaine spray applied to
the larynx was considered undesirable because it decreased the gasp
reflex , making intubation more difficult. Edema of the glottis during
intubation caused death in 4% (34).

Rabbi ts  have been in tubated  a f t e r  4 % - 5 %  ha lo thane  was adminis tered
through a modified Ayres T-piece and a nose cone . When its jaw was
completely relaxed , the rabbi t  was in tubated  wi th  a clear , sof t  3 . 5 - m m
Portex endotrachea]. tube , 12 cm long , with a wire stylette. A Miller 0
neonatal laryngoscope blade (4.5 cm long) with  a penl ight  handle was
used to view the larynx . To permit an adequate view , the laryngoscope
blade was placed completely to the left of the upper incisors and
parallel to the floor of the mouth. The tongue had to be maintained in
the midline (26).

Face Mask- -Rabbits have been premedicated with acetylpromazine
— 

maleate 1 mg/kg given 1-1.5 hours before inhalation anesthesia to mini-
mize motor activity during induction with methoxyflurane . When methoxy-
flurane was used without a preanesthetic , several animals went through
a period of violent motor activity lasting 5-10 minutes , which resulted
in compression fractures of the lumbar vertebrae . Methoxyflurane anes-
thesia was induced by using a nose cone , and care was taken to prevent
the fur around the nose from being soaked in the anesthetic (71).

Rabb its have been induced with ace tyipromaz ine maleate 1 mg/kg,
followed by me thoxyflurane administered by the open-drop technic , using
a 500-mi plastic bottle modified as a mask. Anesthesia was maintained
with 0.5% methoxyflurane administered in a 1:2 02-N20 gas mixture at a
flow rate of 3 liters/mm through an open nonrebreathing system using
a face mask . No deaths occurred during 200 procedures (57).

An anesthetic chamber has been used for halothane induction and a
face mask for maintenance . Mortality was less than 1% (117).
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Promazine 25 ing/ 3.6 kg or 50 m g / 4 . l - 5 . 4  kg 114, plus ketamine 200
m g / 3 . 6 - 5 . 4  kg TM , have been used as a preanesthetic to provide sedation
and analgesia .  Twenty minutes later 0 . 5 - 1 . 5 %  halothane in a 1:1
O2 -N 2 0 gas mix ture  was administered via a face mask (19) .

Injection Anesthesia

Intravenous Anesthesia- -The marginal ear vein or cephalic vein is
used for adminis ter ing intravenous anesthet ics .  Barbi turates  are con-
sidered dangerous for the rabbit (71, 137, 138).

Barbiturates possess a wide dose range to achieve surgical anes-
thesia because of a great variation in individual response. There is
usually a narrow margin of safety between surgical anesthesia and re-
spiratory arrest (40). Thiamylal sodium is the most adaptable anesthetic.
The 1% concentration provides the most control and least respiratory
ar res t .  The dose range is wide , between 22 .85  and 54 mg/kg,  and
induct ion  is within  3 minutes .  Adequate surgical anesthesia lasts only
10 minutes , and recovery occurs within 5-15 minutes . There is no
advantage in using the preanesthetics meperidine or morphine with atro-
pine before administering the thiamylal . Pentobarbitone sodium provides
a narrow margin of safety .

Pentobarbitone 30 mg/kg IV has provided a wide variat ion in dose
response and a narrow margin of safe ty, with arousal time varying from
1-10 hours . In one study 30 mg/kg IV pentobarbital resulted in 12
deaths in 68 rabbi t s  anesthet ized (69) .

The main cause of death with the barb i tura tes  is resp iratory
depression . Resp i ra tory  s t imulan t s  are not very ef fec t ive  in t rea t ing
this depression . Positive-pressure resuscitation using an endotracheal
tub e is the best supportive therapy . When used as a preanesthetic for
the barb i tu ra tes , tranquilizers decreased the anesthetic dcse , decreased
apprehension , and prolonged the anesthesia (87 1) .

Ketamine HC1 22 mg/kg IV is considered unsafe . A dose of 11 mg/kg
IV was safe ; however , induction time was almost zero and recovery time
was so accelerated that surgical anesthesia lasted only 2-3 minutes (138).

Equithesin IV in the marginal ear vein to effect , following pre-
medicat ion wi th  propiopromazine MCi and paraldehyde , produced unsatis-
factory results in lO%-20% of cases studied (69).

Intramuscular Anesthesia--Innovar-Vet 0.17 mi/kg IM provided ade-
quate sedation for procedures such as cardiac punctures and venipunctures.
Sedation lasted 30 minutes and could be prolonged by repeated injections
of 25%-50% of the initial dose (66).

Ketamine MCi at 22 mg/kg provided adequate sedation for restraint ,
and at 44 mg/kg for surgical anesthesia. Induction time was 8-10
minutes , and recovery was within 15-20 minutes. Anesthesia could be
prolonged with 11 mg/kg TM ketamine administered at 10-mm intervals.
Preanesthetic atropine S04 0.04 mg/kg IN was administered . To provide
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muscle relaxation for procedures such as orthopedic surgery , a pre-
anes thetic tranquilizer , triflupromazine HC1 5 mg/kg TM , was admin-
istered 30 minutes before administering ketamine HC1 at 25%-5O% of the
normal dose (138).

Ketamine 44 mg/kg 114 produced effe ctive analges ia and rel axa tion
in rabbits weighing less than 2.3 kg, and 55 mg/kg TM for rabbits heav-
ier than 2.3 kg. Deep surgical anesthesia was obtained and prolonged
by administering methoxyflurane within 5 minutes of the ketamine admin-
istration . A nose cone containing cotton was moistened with 2.5 ml
methoxyflurane . The nose cone was removed when the resp iratory rate
decreased below 40 mm (136) .

The dissocia tive agents phencyclidine HC1 and ti letamine produced
catalepsy without suitable analgesia for surgery (21). CI-744 , the
combination of tiletamine and a tranquilizer (CI-716) , was not con-
sidered a satisfactory anesthetic in rabbits because they failed to
become adequately relaxed and continued to respond to external stimuli.
Doses of 12-40 mg/kg IM produced immobilization and dulled reflexes
for 40-120 minutes (134). Tiletamine (CI-634) 20 mg/kg TM , followed in
2-3 minutes with ch oral hydrate 250 mg/kg IV , was considered both safe
and effective for general anesthesia. Surgical anesthesia lasting 1-1.5
hours was satisfactory for abdominal surgery (21).

ANESTHETIZING BIRDS

Many agents are satisfactory for avian anesthesia. Ether , ethyl
chlor ide , halo thane , and methoxyflurane are used successfully for
inhalation anesthesia. Pentobarbital sodium , chioral hydrate , and tn-
bromoethanol have been administered orally. The parenteral administra-
tion of chloral hydrate , pentobarbital sodium , and sodium amytal
produced good results when used properly (87D).

A fasting period of 2-3 hours is recommended for birds . Prolonged
fas ting depletes the liver g lycogen reserve , reducing its detoxifying
powers. Following anesthesia , birds should be kept in warm quarters
85°-95°F (29°-35°C) , turned from side to side at 30-mm intervals , and
adminis tered oxygen (36, 87D).

Inhalation Anesthesia

Volatile anesthetics must be administered carefully since danger-
ous concentrations may accumulate in the air-sac system . The anesthe-
tics should be administered in te rmi t t en t ly  with  br ief  periods of access
to fresh air (38).

Ether and ethyl chloride are being replaced by methoxyflurane.
For induction , small birds are placed in a glass beaker to which 0.1 ml
methoxyflurane has been added. Induction occurs within 30-45 seconds ,
and anesthesia persists for 2-4 minutes. Maintenance is obtained by
using a nose cone fashioned from a disposable syringe container into
which cotton is inserted (39, 87D).
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Halothane and methoxyfiurane have been satisfactorily administered
directl y into the interclavicular  air sac by means of a percutaneously
placed polyethylene catheter. This technic has been used for chickens ,
ducks , sparrows , and turkeys (140) .

Induction and maintenance have been obtained by spraying ether and
ethyl chloride directly into one nostril. A 2-mi syringe with a 0.25-in
(6.25-mm) 26-ga  needle is used for e ther .  Small birds require 0.25-0.5
ml for induction and 0 . 1 - 0 . 2 5  ml administered in termit tent ly  for main-
tenance (36) .

Anesthet ic  machines may be at tached to a large plas t ic  bag placed
over the ent i re  bird cage for induction with methoxyflurane . A high
oxygen flow of 1 liter/mm is used with the vaporizer opened fully . A
surgical plane of anesthesia is achieved within S minu tes. Maintenance
is achieved by attaching a small plastic bag (“baggie ”) to the anes-
thetic machine , gluing a human baby-bottle nipple to the bag, and cutting
a hole in the nipple to enable it to fit over the bird ’s head (7 5, 76).

Maintenance anesthesia  may be administered through an endotracheal
tube in large birds . A series of eagles were induced using a face mask ,
with a mixture of oxygen and nitrous oxide to which halothane was slowly
added; they were then intubated for maintenance (142).

Injection Anesthesia
Intramuscular Anesthesia--Equithesin (chioral hydrate , pentobarbi tal

Na , and magnesium sulfate  in an aqueous solution of propylene glycol with
9.5% alcohol) is highly rated for its overall safety and efficiency in
birds (38, 87D) . Equi thesin  is injected deep into the breast  (pectoral)
muscle with a 22-25-ga needle. The dosage recommended is 2.0 mi/kg for
weak , debilitated , poor-risk birds and 2.5 ml/kg for healthy birds of all
species. Anesthetic induction requires 10-35 minutes , with anesthesia
las t ing  25-30 minutes.  -

Pentobarbital sodium (7 mg/mi), at a dose of 1.5 mg for a 35-g bird ,
injected into the pectoral muscle will induce anesthesia within 2-3
minutes , lasting 30 minutes (30, 31).

Ketamine 25-400 mg/kg produced catalepsy in pigeons . Induction and
recovery with ketamine were smooth and uneventful when pentobarbital
sodium (20 mg/kg)  was used as a preanesthet ic .  Ketamine 32 mg/kg was
injected into the opposite pectoral muscle 10 minutes later and produced
anesthesia lasting 40 minutes; 64 mg/kg , 109 minutes . Successive doses
of 32 mg/kg ketamine were safely administered at 1-3-hour intervals (13).

Ketamine MCi alone or combined with methoxyflurane is a safe and
effec tive anesthetic for parakeets. Ketamine 1 mg/30 g IM in the pectoral
muscle has produced anesthesia within 3 minutes that was adequate for
simple procedures such as clipping beaks or taping broken wings. Keta-
mine 2 mg/ 30 g IM produced comple te anes thesia within 3 minutes , last ing
5-12 minutes; recovery was complete within 20-30 minutes . Duringrecovery , some birds went through an excitatory phase (77). A padded
recovery area should be provided (8).
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The lethal dose of ketainine in parakeets is approximately 0.5
mg/g body weight . Overdosed birds should receive oxygen and be kept
warm and quiet (78).

Ketamine 15-20 mg/kg TM was administered in the pectoral muscle
as the sole anes the t ic  agent in 22 wild birds . To prolong anesthesia ,
10 mg/kg could be administered every 5 minutes in heal thy b i rds . Induc-
tion occurred w i t h i n  1-5 minu tes ; the e f fec t s  of anesthesia  lasted from
30 minutes  to 6 hours , depending on the total  dose. To enhance the
renal excre t ion  of ketamine in deb i l i t a ted  bi rds , 20 -40  mi/kg  lactated
Ringer ’s solution was administered subQ (10).

The dosage of ketamine per gram body weight for birds is inversely
proportional to the weight of the bird . Baseline figures for ketamine
dosage are :

Body weight (g) mg/g TM

Below 100 0 . 1 0 - 0 . 2
250-500 0.05-0.1
500-3000 0 . 0 2 - 0 . 1
Above 3000 0.02-0.05

Immobilizing and lethal doses are also available for a variety of avian
species (8).

C I - 7 4 4  produced adequate anesthesia  in the pigeon , but the margin
of safety was narrow . A dose of 10-20 mg/k g TM produced immobi l iza t ion
but  wi th  poor muscle re laxat ion ; 30-70 ~.g/kg 114 produced sa t i s f ac to ry
anesthesia  for surgica l  procedures , averaging 55-90 minutes  (134).

Intravenous Anesthesia - - In t ravenous  anes thes ia  has the advantage of
rapid induction and better control of anesthetic stages , and is safer
when supplementing the ini t ial  dose. The jugular vein is used for small
species. For birds the size of a pigeon or larger , the median vein
located on the ventromedial  surface of the humeroradial  j o i n t  is used.
The bird is res t ra ined  on i ts  back with  one wing extended and the other
folded against  the body . ~3quithesin 1-1.5 mg/kg IV may be administered
using a 25-ga needle (87D).

Loca l Anes thesia

Procaine is considered toxic for birds ; however , it has been
suggested that this is due to overdosage . Procaine has been successfully
adminis tered to pigeons , chickens , and ducks (87D).

ANESTHETIZING AMPHIBIANS AND REPTILES
The anes the t ic  responses of many reptil es and amphibians vary from

those of mammals because of variations in anatomy , physiology , and
husbandry . A lowered metabolic rate may prolong the action of an
injectable anesthetic and delay recovery for several days . The lack of
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a funct ional  diaphragm and the ab i l i ty  of some species to hold their
breath and survive for hours by anaerobic metabolism may make it diffi-
cult to use inhalation agents for anesthetic induction (16). Anatomy ,
ph ys io l ogy, and husbandry must be considered when select ing an anesthet ic ,
a technic , and pos tanes the t ic  care . Several excellent  references (16 ,
69 , 87F) should be consulted.

Frogs and Toads

Hypothermia- -Rept i les  and amphibians may be res t ra ined or anesthe-
tized by refrigeration for several hours at 50C or immersion in ice water
followed with maintenance in a tray of ice water. Hypothermia may be
supplemented wi th  local anesthesia for prolonged surgical  procedures.
Quick recovery occurs when rewarmed to room temperature (16 , 87F) .

Inha l a t i on -  - Frogs are unique in that  they breathe through the i r
skin .  E the r  induction may be accomplished in a Bell j a r  wi thin  5-10
mi nutes , or by wrapping the frog wi th  cotton to which the ether is uni-
formly applied. Anesthesia lasts for several hours (87F).

Methoxyfiurane administered to Rana pipiens has a satisfactor~margin of safety and a short induction period , and provides deep anes-
thesia. To insure an adequate and constant vapor pressure , absorbent
cotton moistened with 10 ml methoxyflurane is placed in a 1-gallon jar
30 m i n u t e s  before in t roducing  the frog.  A wire-mesh f loor  is placed
over the cotton . A 3/ 16-in ( 4 . 6 - m m )  hole in the lid will reduce carbo n
dioxide  bui ldup and oxygen depletion . Deep anesthesia is induced
within 2 minutes. The frog is l e f t  in the j a r  for an addi t ional  3
minu tes  to promote a body anes thet ic  concentrat ion adequate for surg ica l
procedures .  Surgica l  anes thes ia  pers i s t s  for 38 minutes .  Recovery is
smooth and requires about 7 hours because of the low metabolism of the
cold-blooded f rog.  Pulse and cloacal temperature are unaf fec ted ;
however , there is a decrease in respiratory rate following induction
(135).

Injection--Anesthetic sites are the dorsal lymph sacs , ventral

— 
abdominal  vein , and ventral  lymph sacs. A 25-ga needle is used.

Hexobarb i t a l  sodium 120 mg/k g injected into the dorsal lymph sac
requires 22 minutes  for induction and lasts 3 hours . Pentobarb i ta l
sodium 60 mg/kg IV requires 31 minutes for induction and lasts 9 hours .
Paraldehyd e 4 . 2  g/kg in the ventral  lymph sac produces anesthesia  wi th in
15 minu tes  (87F) . Thiobarbi ta l , thiopental , and Dial wi th  urethane are
considered toxic and unsuitable for frogs (87F) . Ketainine adminis te red
either by itself (55-210 mg/kg via dorsal lymph sac) or in combination
w i t h  m e t h o xy f i u r a n e  produces severe pulse  and respi ra tory  depression and
is not recommended for the frog (135).

Immersion- - Frogs and toads have been anes the t ized  by immersing them
in tricaine methanesulfonate (MS-222) 0.1% solution , chiorobutanol 0.2%
solution for 4-8 minutes , or 10% ethyl  alcohol for 10 minutes ( 6 9 ) .  -

During anes thes ia  the frogs should be kept moist  and at room temperature ,
and care taken to prevent drowning . Tricaine methanesulfonate (MS-222), -
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by immersion or injection , was super ior to other anes thetics because of
quick induction , rapid recovery , and predictable  behavior (139) .

Snakes

The depth of anes thes ia in snakes may be checked by the tonus of
the forked tongue . Surgical anesthesia is achieved when the tongue does
not resist being withdrawn with tongue forceps.

Hypothermia- -Reptiles and amphibians may be restrained or anesthe-
tized by refrigeration for several hours at Soc or imm~rsion in ice waterfollowed by maintenance in a tray of ice water. Hypothermia may be
supplemented with local anesthesia for prolonged surgical procedures.
Quick recovery occurs when rewarmed to room temperature (16, 87F).

Inhalat ion--Anesthesia in snakes , especially poisonous varieties ,
can be induced with ether , methoxyflurane , or halothane by soaking a pad
and placing it in an enclosed reptile box . Anesthetic chambers using
precision vaporizers and C02 absorption have been designed for reptiles
and small laboratory animals (16). The snake can then be removed and
its head placed in a hood containing a pad soaked with the anesthetic.
With nonpoisonous snakes and rept i les , anesthesia can be inducted w i t h
a mask made from a syringe barrel or p las t ic  bo t t l e  neck connected to a
nonrebreathing system such as the Ayres T-piece (16). A nonpoisonous
snake can also be placed in a clear p las t ic  bag a t tached to a circle
anesthetic machine . Induction with 4% halothane , 72% nitrous oxide ,
and 24% oxygen requires  20 -30  minu tes .  Fol lowing re laxat ion , the snake
can be intubated and maintained on inha la t ion  anes the t ics  ( 105D) . The
glottis , located forward in the mouth and lacking an epiglottis , is not
difficult to intubate. Snakes required intermittent positive-pressure
brea th ing  wi th  inhalat ion anesthesia .

Inhalation anesthesia in reptiles requires the following care (16):

1. Prevent resp i ra tory insuf f i c iency  by ven t i l a t i ng  w i t h  100%
oxygen before extubat ion . If e ther  or m e thoxyf lu rane  is used , a longer

— period of ventilation will be required because these agents are highly
soiuble in tissues or lipids .

2. Prevent  h igh  posi t ive  pressure  during v e n t i l a t i o n  because
rept i les  do not possess a diaphragm and t he i r  thoracic  cavi ty  is not
fixed.

3. The pattern of ventilation should correspond with the normal
ventilation pattern for the species; i.e., apneustic plateau or breath-
holding for  c rocodilians .

4. During recovery , the temperature and humidity should be in the
normal range for the species .

In j ec t ion - -Snakes  lack heavy musc les ;  therefore , when the 114 route
is used , small volumes of anesthesia must be injected at multiple sites
(lateral to midline in caudal one-third of body). Intraperitoneai
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injections are made by introducing the needle ventrally into the mid-
section of the pleuroperitoneal cavity and avoiding the pericardial
cavity (16).

Etorphine lid 5 mg/kg IM, meperidine MCi 200 mg/kg IM , and oxymor-
phone MCi 1.5 mg/kg IM appear to have no grossly observable effects in
snakes (16).

Tricaine methanesulfonate 15-30 mg/kg IP provides anesthesia last-
ing up to 60 minutes following an induction period of 12-40 minutes
(16, 87F).

Barbiturates such as thiamylal and thiopental administered IP have
resulted in high mortality (lO5D) . Thiopental 15-30 mg/kg IP has an
induction period of 30-45 minutes and provides anesthesia for 2-6 hours .
Pentobarbjtal sodium 15-30 mg/kg IP has an induction period varying
from S to 60 minutes and provides deep anesthesia for 15 hours , with
complete recovery in 18-36 hours (16).

Turtles and Tortoises

Muscle relaxation is the most reliable guide to the depth of anes-
thes ia . Pupil s ize is undependable , and corneal re flexes may be present
even in deep anesthesia. Respiratory rate is normally very low and
variable; therefore , it is difficult to use as a guide .

Hypothermia- -Reptiles and amphibians may be restrained or anesthe-
tized by refrigeration for several hours at Soc or immersion in ice
water followed with maintenance in a tray of ice water. Hypothermia m ay
be supplemented with local anesthesia for prolonged surgical procedures.
Quick recovery occurs when rewarmed to room temperature (16).

Inhalation- - Induction with inhalation anesthetics may be difficult
since turtles can hold their breath and convert to anaerobic metabolism.
The mout h can be manually opened and the larynx sprayed w ith a local
anesthetic and intubated prior to induction . Following intubation ,
halothane 3% in oxygen has been used for induction ; maintenance anesthesia
was with 1.5% halothane (16). Induction in an anesthetic chamber with
ether has required as long as 3 hours (43). In 25% of turtles anesthe-
tized with ether , deep anesthesia lasted as long as 10 hours (69, 1OSD).
Methoxvflurane has been used in a chamber to induce anesthesia; mainte-
nancewas with a nose cone (69).

In~ection- -For TV injection , the ventral abdom inal vein is
approached through a hole drilled in the plastron . Intraperitoneal
injections are made by a cervical approach between the head and forelimbs
or retrograde between the tail and hindlimb . Intracardiac injections are
dangerous and not recommended.

Etorphine 0.3-2.7 mg/kg IM provided 2 hours of anesthesia , suffi-
cien t to biopsy the thyroid gland in Galapagos tortoises (16).

Pentobarbital (2%) 18.2 mg/kg IP produced surgical anesthesia in 80
minutes , lasting 2.5-4 hours (43).
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Chlorpromazine 10 mg/kg IM followed by 10 mg/kg pentobarbital by
the intracardiac route produced deep anesthesia within iS minutes ,
lasting 3 hours. Muscle relaxation was good (69).

Urethane isnot recommended because of its variable effects (139).
Ure thane 2.4 g/kg IV require4 135 minutes for Induction and lasted over
10 hours (87F) .

Ketamine HC1 100 mg IM was used for anesthetic induction , followed
by intubation and maintenance with halothane anesthesia for a salpingot-
omy and cesarean delivery (37).

ANESTHETIZING FISH

Many agents have been used to restrain and anesthetize fish of all
sizes. Table 4 lists 15 agents used on a number of species.

TABLE 4. ANESTHETIC AGENTS FOR FISH (lO5C)

Anesthetic ~ua1itiesInduction Main- Recovery
Anesthetic Concentration * time (mm ) tenance time (mm )

Carbon dioxide 200 ppm 1-2 Good 5-10
Electricity Immediate Poor 5-30
Diethyl ether 10-50 ml 2-3 Fair 5-30
Sodium seconal 35 mg 30-60 Good 60+
Sodium amytal 7-10 ing 30-60 Good 604
Urethane 5-40 mg 2-3 Good 10-15
Chioral hydrate 0.8-0.9 g 8-10 Poor 20-30
Tertiary amyl alcohol 0.5-1.25 ml 10-20 Fair 20-90
Tribromoethanol 4-6 mg .5-10 Fair 20-40
Chlorobutanol 8-10 ing 2-3 Good 30-60
2-Phenoxyethanol 0.1-0.5 ml 10-30 Fair 5-15
4-Styrylpyridine 20-SO mg 1-5 Good 20-30
Methylpentynol 0.5-0.9 ml 2-3 Fair 5-20
Quinaldine 0.01-0.03 ml 1-3 Fair 5-20
MS-222 25-100 mg 1-3 Excellent 3-15

*per liter of water unless otherwise noted.

Detailed descriptions of these agents and their use in fish are avail-
able in two excellen t articles (87J, 1OSC) . The optimum concentration
of anesthetic to be used must be determ ined by trial and error in terms
of species of fish and temperature and chemical nature of the water.

The most popular agent is tricaine inethanesul fonate (MS-222) .
Dosage is 25-35 ag/liter of water for transporting fish and 50-100 mgI
liter of water for deep anesthesia. Induction time is 1-3 minutes ,
maintenance of anesthesia is excellent , and recovery occurs in 3-15
minutes. Repeated exposure to MS-222 results in only a slight increase
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ir drug tolerance. Toxic conditions may result if MS-222 is used in
salt water or direct sunlight.

The following technics should be followed when anesthetizing fish
(87J , 105C):

1. The vessel containing the anesthetic solution should be chem-
ically inert .

2. The anesthetic solution should be made with water from the
same source as that in which the fish are held. A constant temperature
should he maintained. Fish cannot tolerate a change of temperature of
more than 5°-lO °C.

3. The calculated amount of anesthetic should be well mixed into
the water. The required concentration should be determined by trial and
error for the species of fish to be anesthetized. Testing the anesthetic
with stock fish to observe the effects is advisable before the experi-
mental fish are anesthetized.

4. The fish are in a surgical plane of anesthesia when swimming
movements subside , respiration is rapid and shallow , and opercular move-
ments are difficult to detect. The fish may be removed from the anes-
thetic and placed on a wet towel. If gasping and muscle spasms occur ,
the fish are replaced in the anesthetic solution for a few seconds.

5. Anesthetic overdosage produces cessation of respiration and
spasmodic flaring of the opercles at 15-30-sec intervals up to 1-mm
intervals , at which time all spasms cease and cardiac arrest and death
result.

6. Fish may be revived by placing them in fresh water and moving
then back and forth slowly to force water over the gills. Recovery
occurs within 5-30 minutes after the fish are placed in the fresh water ,
depending upon length of exposure and concentration of anesthesia.

7. When induction tine increases and it is difficult for the fish
to enter deep anesthesia , the anesthetic solution is being depleted
and should be replaced .

ANESTHETIZING MARINE MAMMALS

The Cetacea (whale , porpoise , dolph in) and Pinnipedia (seal , sea
lion , walrus) vary widely in their respiratory and cardiovascular
specializations and response to anesthesia.

Cetacea (69, 91 , 92, 122H)

Inhalation Anesthesia- -The Cetacea are mammals that have developed
a conpietely aquatic life . They have a specialized larynx that allows
them to breathe only through a modified nasal passage (blowhole). They
have never been successfully anesthetized without complete respiratory
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control by positive pressure ventilation. Barbiturate anesthesia with-
out control of ventilation results in death due to asphyxia. Endo-
tracheal intubation and support with a Bird Mark 9 respirator that
imitates the porpoise ’s natural apneustic plateau respiratory pattern
(rapid inflation of the lungs and maintenance of inflation for a period
of time followed by deflation and rapid reinflation) have enabled
successful anesthesia (91, 92 , 122H).

Halothane provides excellent ‘anesthesia. Induction is with 3.5%
halothane for 5-15 minutes. Surgical anesthesia is maintained at the
lowest concentration that inhibits movement of the tail flukes ,
approximately 1% halothane . During recovery the porpoise is maintained
on 40% oxygen and 60% ambient air. The blowhole reflex returns in
15-45 minutes , at which time the porpoise may be extubated (122H) .

Injection Anesthesia- -Thiopental sodium administered in the tail
fluke vein at 10 mg/kg produces 10-15 minutes of very light anesthesia;
15-25 mg/kg produces anesthesia lasting for 10-25 minutes. Recovery of
normal respiration requires 1-2.5 hours (122H) .

The phenothiazine tranquilizers cause hypothalmic depression and
peripheral vasodilatation , altering the heat-conserving peripheral
vascular mechanisms and resulting in death. Chlordiazepoxide and
diazepam may be safely used in Cetacea (l22H) .

Succinylcholine is contraindicated in the dolphin because this
species lacks plasma cholinesterases (92).

Pinnipedia (43)

The Pinnipedia possess extensive modifications in their respiratory
and cardiovascular anatomy and physiology to adapt them for diving.
Their slow respiratory pattern with periods of apnea pose problems for
inhalation anesthesia. When they dive , their heart rate decreases to 10%
normal. Blood flow is primarily to the brain , and a sphincter in the
posterior vena cava causes most of the venous blood to pooi in the
hepatic sinus . When Pinnipedia are frightened , the same diving reflex
with breath-holding and pooling of blood may occur ; it is possible for
an entire IV anesthetic dose to pool in the hepatic sinus until breath-
ing resume s and the vena cava sphincter opens , at which time a high
anesthetic concentration is released to the heart (43).

Inhalation Anesthesia- -Inhalation anesthesia with halothane has
been the most satisfactory for the sea lion . The sea lion is placed in
a squeeze cage and administered 0.016 gr atropine/SO kg; anesthesia is
induced with halothane by means of a glass hood placed over the head .

• An endotracheal tube is inserted , and anesthesia is maintained with 0.75%-
Recovery is rapid , usually within 1 hour after surgery

• Injection Anesthesia- - Induction of anesthesia by means other than
the inhalation route is usually not satisfactory for the sea lion .
Succinyicholine and gallamine (neuromuscular blocking agents) produce
poor recovery results because of prolonged action . Prolonged recovery
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and decreases in body temperature occur with the barbiturate anesthetics .
The phenothiazine-derived tranquilizers , peripheral vasodilators , and
ganglionic blocking agents markedly depress body temperature . The
results of phencyclidine HC1 have not been favorable (100) .
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