Chapter 18

18.  Preanesthesia, Anesthesia, Analgesia, and Euthanasia


Preanesthesia, Anesthesia, Analgesia, and Euthanasia

I.
INTRODUCTION

II.
PREANESTHESIA, ANESTHESIA, AND ANALGESIA

· Some methods and agents that would be unacceptable in animals that would recover from anesthesia may be acceptable in “nonsurvival” procedures

· IV or IP administration of sodium pentobarbital

· Use of halothane or methoxyflurane alone

· Effective anesthesia is both an art and a science

· The methods and agents used to produce preanesthesia, anesthesia, and analgesia should be designed to minimize pain and discomfort in animals at all times

· The effect of these agents on the different body systems must be recognized

A.
Amphibians, Fishes, and Reptiles

1.
Physical Method

· Hypothermia (pre)
· not effective for major procedures in the fish

· effective in immobilizing frogs, lizards, and other reptiles

· may be combined with local anesthesia

2.
Parenteral Methods

a.
IV or IC - Pentobarbital or Urethane (Ethyl Carbamate) (ANES)
· pentobarbital administered in the ventral abdominal vein in turtles

· long induction times (3 hours)

· urethane in turtles - long induction and anesthetic period

· barbiturates should be avoided in reptiles

b.
IM, IP, or lymph sac administration - Amobarbital, Chloral Hydrate, Hexobarbital, Paraldehyde, Pentobarbital, Secobarbital, Thiopental, MS-222, or Urethane (ANES)
· in frogs paraldehyde, chloral hydrate, hexobarbital, injected into the ventral lymph sac

· pentobarbital injected via the dorsal lymph sac or intracoelomically; avoid in reptiles

· urethane unsuitable in turtles

· Thiopental and pentobarbital injected into the pleuroperitoneal cavity in snakes (long recovery times; up to 30 hours)

· MS-222 in snakes - 90 minute recovery time

c.
IM or Dorsal Lymph Sac - Ketamine (PRE, ANES)
· used in tortoise and snakes; doses used in mammals requires 2-3 days for full recovery in snakes

· smaller doses in snakes result in chemical restraint for up to 60 
minutes

d.
Aqueous Contact - Alcohol, Amobarbital, or Secobarbital (ANES)
· immerse frogs in 10% ethyl alcohol

· Amobarbital or secobarbital - added to water; anesthesia lasts 30-60 minutes with long recovery

e.
Aqueous Contact - Carbon Dioxide (ANES)
· 200 ppm in water for fish

f.
Aqueous Contact - Chloral Hydrate (PRE)
· poor anesthetic; more effective as a sedative

g.
Aqueous Contact - Chlorobutanol, Methylpentynol, 2-Phenoxyethanol, Quinidine, 4-Strylpyridine, Tertiary Amyl Alcohol, or Tribromoethanol (ANES)
· have been used in the past but have been associated with problems and are not widely used

h.
Aqueous Contact - Diethyl Ether (ANES)
· added to water for fish; causes tissue irritation and is flammable

i.
Aqueous Contact – Tricaine Methanesulfonate (MS-222) (ANES)

· produces light or deep anesthesia; 3-15 minutes for recovery

· consider

· toxic reactions in salt water or direct sunlight

· container should be inert

· water should be same as normal habitat

· agent well mixed with water

· fish should be removed and kept moist as soon as swimming subsides and returned if gasping movements or muscle spasms occur

· respiration watched closely

· fish should be returned to fresh water as soon as possible

· anesthetic water should be discarded if induction time is prolonged

j.
Aqueous Contact - Urethane (ANES)
· used in fish

3.
Inhalant Methods

a.
Anesthetic Chamber - Ether (ANES)
· frogs anesthetized

· turtles with cone - 37 minutes for induction; in chamber 3 hours for induction

· induction for snakes and lizards - 20-60 minutes

· external temperature important for snakes

· ether used for amphibians, reptiles and other exotics

· halothane has gradually replaced ether

b.
Anesthetic Chamber, Cone, or Endotracheal Route - Halothane, Methoxyflurane, Nitrous Oxide (ANES)
· snakes - ketamine as preanesthetic; induction and maintenance w/ halothane or methoxyflurane (except cobras)

· used also in frogs and turtles

· special recommendations for anesthetizing reptiles

· ventilation with 100% oxygen before intubation

· avoidance of high positive pressure in species that lack a diaphragm

· duplication of the normal pattern of breathing for the species

· continued administration of oxygen after halothane or methoxyflurane has been discontinued

· recovery at normal temperature and humidity for the species

· poisonous snakes require more anesthetic agent than nonpoisonous species

B.
Birds

1.
Parenteral Methods

a.
IV - Methohexital, Thiopental (ANES)

· Methohexital - general anesthesia for 2 hours

· Thiopental - surgical anesthesia for 5 minutes

· these agents generally replaced by ketamine and/or halothane

b.
IV - Equi-Thesin, Glutethimide, Hydroxydione, or Pentobarbital (ANES)

· Equi-Thesin (chloral hydrate, pentobarbital, magnesium sulfate) used in pigeons and larger birds

· Pentobarbital alone reserved for larger birds

· Neither Equi-Thesin nor pentobarbital are entirely satisfactory

· supplementing with halothane is safer than redosing with pentobarbital

c.
IP, IM, or SQ - Equi-Thesin or Pentobarbital (ANES)

· Equi-Thesin safe when administered into the pectoral muscles (produces myositis at injection site); 20-90 minutes of anesthesia

· Pentobarbital not safe in budgerigars

· Death following IP or IM administration of Pentobarbital has prompted the use of SQ injection

d.
IM - Chlorpromazine, Diethylthiambutene, Meperidine, Morphine, or Xylazine (PRE)

· most birds do not seem to experience pain

· Chlorpromazine produces only mild sedation

· Diethylthiambutene in low doses causes vomiting and in high doses convulsions and death

· Xylazine not tolerated by pigeons

e.
IM - Ketamine (PRE, ANES)


· has a wide margin of safety

· not adequate for major surgery

· may be combined with acepromazine, xylazine, and volatile agents (halothane, methoxyflurane)

· a larger dose range is recommended for poultry

· birds that are dehydrated or have renal disease may be endangered by ketamine (excreted unchanged by the kidneys)

f.
Local Anesthesia - Ethyl Chloride, Lidocaine, Procaine, Tetracaine, and others (ANES)
· toxic effects of procaine due primarily to excessive doses and high concentrations

· lidocaine can be used in pigeons

· injectable locals not recommended in small birds (although procaine can be used in parakeets)

· epinephrine should not be added

· ethyl chloride and benzoate-tetracaine sprays used for prolapse of the rectum and oviduct, abscesses, and warts

2.
Inhalant Methods

a.
Anesthetic Chamber, Cone or Mask - Ether (ANES)
· ether can be administered by spraying the anesthetic directly into one nostril by means of a 2 ml syringe equipped with a 26 gauge 1/4 in. needle from a distance of 1 inch

· ether safe for budgerigars

· large parrots more refractory to ether

· may cause irritation of the air sacs leading to respiratory infection

b.
Anesthetic Chamber, Cone, Mask, or Endotracheal route - Halothane with or without Nitrous Oxide, Methoxyflurane (ANES)
· halothane - semiclosed, nonrebreathing system is recommended rather than open mask or closed circle systems

· 3% needed for induction and 0.8% for maintenance

· halothane and ether only anesthetics safe for budgerigars

· atropine may be given to decrease respiratory secretions

C.
Cats and Dogs

1.
Oral Method

Oral route - Acetylsalicylic Acid (ANAL)
· produce analgesia without respiratory depression

· useful in dogs but should be reduced in cats

2.
Parenteral Methods

a.
IV - Alpha Chloralose (ANES)
· Used in studies in which reflexes such as baroreceptors must not be abolished

· Dogs maintained at a constant depth of anesthesia exhibit a progressive increase in HR, which stabilizes after 1 ½ hrs, a stable stroke volume for approx. 3 hr, and arterial hypertension.

· Cats exhibit a decrease in minute volume and reactivity to CO2.

· Valuable in physiology and pharmacology studies but not indicated for routine studies or in clinical applications.

b.
IV, IP, IC, IM, or intrapleural route - Pentobarbital (ANES)
· 30 to 60 minutes of anesthesia

· can be extended with additional pentobarbital, volatile agents, etc.

· first half of dose a bolus injection the rest is injected slowly over 2 to 3 min

· possible respiratory depression - should have respirator available

· some breeds (German Short Haired Pointers) more prone to excitement during induction and recovery

· IC, IM, intrapleural not recommended

· IP route is recommended for animals that are difficult to restrain or have small veins

· chloramphenicol and other drugs will influence pentobarbital anesthesia

c.
IV route - Thiamylal or Thiopental (ANES)
· useful for short surgical procedures

· recovery in 10 to 20 minutes

· induction usually followed by intubation and maintenance with 



inhalant anesthetic

· continued administration associated with prolonged recovery

d.
IM, IV, SQ, or oral route - Acetylpromazine, Chlorpromazine, Promazine, or Triflupromazine (PRE)
· reduce the dose of general anesthetic agents and make recovery smoother

· have sedative effects

· frequently combined with other drugs e.g. fentanyl, ketamine, etc.

· decrease gastric emptying and gastrointestinal transit time

e.
IM or IV route - Droperidol and Fentanyl (Innovar-vet) (PRE, ANES, ANAL)
· used as preanesthetic, anesthetic for short procedures, analgesic in dogs

· combination with ACE will help in reduction of response to noise

· reversals - nalorphine and naloxone

· in cats produces CNS stimulation

f.
IM or IV route - d-Tubocurarine, Gallamine Triethiodide, or Succinylcholine (PRE)
· used infrequently in cats and dogs to supplement anesthesia

· hazardous to administer without equipment for endotracheal intubation and artificial ventilation

· sometimes used in orthopedic surgery to increase relaxation or during thoracic surgery to facilitate controlled ventilation

g.
IM, SQ, or IV route - Ketamine (PRE, ANES)
· useful for minor procedures

· Ace, promazine, xylazine helpful for minor surgery

· disadvantages - tonic-clonic seizures observed in about 5% of animals, discomfort at site of injection, poor relaxation, and salivation

· enhances cardiovascular function and does not depress respiration at the lower doses

· advantages - ease of IM administration, smooth induction, wide margin of safety, minimal side effects, and lack of renal or hepatic toxicity

h.
IM, IV, or SQ route - Xylazine (PRE, ANES, ANAL)
· useful for minor procedures

· decreases respiratory and cardiac rates and blood pressure

· enhances other anesthetics

· produces radiographic changes consistent with gastric dilatation and paralytic ileus in dogs

· xylazine in cats acts similarly to morphine in dogs; i.e. initially causes vomiting then minimizes chance of vomiting thereafter

i.
SQ, IM, or IV route - Atropine (PRE)
· reduces secretions, intestinal motility, and vagal effects on the heart and other organs

· cats hydrolyze atropine rapidly

j.
SQ, or IM route - Meperidine, Morphine, Oxymorphine, or Pentazocine (PRE, ANAL)
· Meperidine in cats - preanesthetic and postoperative analgesia

· Morphine in dogs - produces emesis and defecation, reduces anesthetic dosage, smoother recovery, potent analgesic

· Oxymorphine 10 times as potent as morphine

· Beagles reportedly more resistant to morphine

3.
Inhalant Methods

a.
Anesthetic Chamber, Cone, Mask, or Endotracheal route - Diethyl Ether (ANES)

· because of salivation the use of atropine and endotracheal tube is advised

· ether stimulates the sympathetic nervous system and is a good analgesic

b.
Anesthetic Chamber, Cone, Mask, or Endotracheal route - Halothane or Methoxyflurane with or without Nitrous Oxide (ANES)
· IV induction with thiamylal or thiopental with intubation and halothane or methoxyflurane is method of choice for long procedures or high risk animals

· Halothane more rapid but methoxyflurane has better analgesia

· can use 75% nitrous with 25% oxygen in conjunction with halothane

· halothane sensitizes the myocardium to catecholamines

· chlorpromazine, acetylpromazine, and propranolol protect against arrhythmia

· rarely both cats and dogs may develop malignant hyperthermia following the administration of halothane

D.
Ferrets, Foxes, and Mink

1.
Parenteral Methods

a.
IP, IM, or SQ route - Pentobarbital or Thiamylal (PRE, ANES)
· duration of anesthesia in ferrets 30-45 minutes

· in mink similar dose produces light or deep anesthesia

b.
IM or SQ route - Ketamine (PRE, ANES)
2.
Inhalant Method 

Anesthetic Chamber, Cone, or Mask - Ether, Halothane, Methoxyflurane (ANES)
· induction performed with cone or mask and maintenance with cone, mask, or intubation

· halothane has replaced ether

E.
Guinea Pigs

1.
Physical Method

Hypnosis (PRE) 
· can be used in guinea pigs and rabbits

· Reserpine facilitates the onset of the hypnotic state

2.
Parenteral Methods

a.
IV or IP route - Pentobarbital or Hexobarbital (ANES)
· may given IV but IP is more convenient

· 20% of peritoneal injections are made into abdominal organs

· level of anesthesia may be unpredictable

· 13% mortality attributed to pentobarbital anesthesia

b.
IM or SQ route - Atropine (PRE)
· reportedly can increase hemorrhage during surgery due to hypertension

c.
IM or SQ route - Droperidol and Fentanyl (Innovar-vet) (PRE, ANES, ANAL)
· can be used for laparotomy and enucleation 

· lameness and self-mutilation at the site of injection reported in 33% of animals when high dose was used

d.
IM route - Ketamine, Xylazine (PRE, ANES)
· less effective in guinea pigs than other species

· should not be used as sole agent in major procedures

e.
IM, SQ, or IP route - Meperidine (PRE, ANAL)
· used as preanesthetic or analgesic prior to pentobarbital

3.
Inhalant Methods

a.
Anesthetic Chamber - Carbon Dioxide (ANES)
· used for short periods of anesthesia - IC sticks for blood, injections, etc.

· delivered from cylinder or dry ice

· anesthesia lasts about 45 seconds

· increases the yield of blood in exsanguination

· advantage - blood does not contain chemical contaminant

b.
Anesthetic Chamber, Cone or Mask, or Endotracheal route - Ether, Halothane, Methoxyflurane, Nitrous Oxide (ANES)
· Ether dangerous in guinea pigs; 8% mortality attributed to anesthesia with ether

· Induction time with methoxyflurane - 4-8 minutes

· Difficult to intubate guinea pigs

· Hepatic necrosis is produced by repeated administration of halothane to guinea pigs

· Nephrotoxicity associated with the use of methoxyflurane in man has not been reported in guinea pigs

F.
Hamsters

1.
Parenteral Methods

a.
IM or IP route - Ketamine (PRE, ANES)
· poor analgesia and muscle relaxation; concurrent administration of xylazine helps

b.
IP, SQ, or IV route - Pentobarbital, Secobarbital, Thiopental, or others (ANES)
· IP is most expedient route

· Saphenous can be used for IV administration

· SQ administration not recommended

c.
IM or SQ route - Morphine or Droperidol and Fentanyl (PRE)
· Morphine up to 150 mg/kg by IM, SQ, and IP results in analgesia w/o apparent narcosis or respiratory depression

· Innovar-vet not recommended

2.
Inhalant Method

Anesthetic Chamber, Cone, or Mask - Ether, Ethyl Chloride, Halothane, Methoxyflurane (ANES)

· techniques used in rats and mice are useful in hamsters

G.
Mice

1.
Physical Method

Hypothermia (ANES)
· used prior to thymectomy in newborn, germfree mice

· can use dry ice or ice cubes

2.
Parenteral Methods

a.
IV route - Pentobarbital, Thiamylal, or Thiopental (ANES)
· Pentobarbital can be administered via the tail vein

· Mice are sensitive to emboli of air and 0.1 ml of air may kill the mouse.

· Absence of retraction of the hindleg in response to pinching the toe pad, absence of corneal reflex, or the tail-pinch reflex are useful indices of surgical anesthesia

· Duration of anesthesia with pentobarbital is only a few minutes, therefore little advantage to use thiamylal or thiopental

b.
IP route - Pentobarbital (ANES)
· This route most commonly used but is more hazardous than IV

· Male mice less susceptible to barbiturates than females; male Swiss-Webster mice sleep longer than females

· Newborns anesthetized - pass the needle SQ past the ribs through the diaphragm and into the peritoneal cavity

c.
IM, SQ, or IP route - Acetylpromazine, Chlorpromazine, or Promazine (PRE)
· chlorpromazine used as preanesthetic for pentobarbital anesthesia

· ACE and promazine used with Ketamine

d.
IM or IP route - Innovar-vet, Meperidine, Morphine, or Xylazine (PRE, ANAL)
· meperidine and morphine used as preanesthetics with pentobarbital

· recommended to give Innovar-vet and xylazine IM

e.
IM, IP, or IV route - Ketamine (PRE, ANES)
· given after atropine, useful for puncture of orbital sinus, exposure of veins, and laparotomy

· combined with xylazine produces excellent sedation and relaxation but analgesia is inadequate for major procedures; doses approaching lethality still do not produce adequate analgesia

3.
Inhalant Methods

a.
Anesthetic Chamber - Carbon Dioxide with or without oxygen (ANES)

· useful for IC puncture and other very short procedures

· may be favored over other volatile anesthetics because of minimal change in blood parameters

b.
Anesthetic Chamber, Cone or Mask - Chloroform (ANES)

· A, C3H, C3Hf, DBA, and HR strains susceptible to accidental poisoning to chloroform.  Exposure for 2 to 3 hours results in renal lesions in all the males but none of the females

· Carbon tetrachloride also is extremely toxic to mice, particularly the BALB/c strain.

c.
Anesthetic Chamber, Cone or Mask - Ether, Halothane, Methoxyflurane (ANES)

· mice salivate when exposed to ether unless preceded by atropine

· rapid induction and recovery because of small size of lungs in mice

· methoxyflurane most suitable of above listed anesthetics

H.
Nonhuman Primates

1.
Parenteral Methods

a.
IV or IP route - Pentobarbital (ANES)

· combined with ketamine and other preanesthetics

· no pre nor postanesthetic excitement

· use of chloramphenicol prolongs the anesthetic effect

· IV administration of glucose also delays recovery

b.
IV route - Thiopental or Thiamylal (ANES)

· useful for short periods of anesthesia or for intubation

· additional administration results in 1) saturation of the tissues, 2) prolonged anesthesia, 3) slow recovery

c.
IM, SQ, or Oral route - Acepromazine, Chlorpromazine, Diazepam, Meprobamate, Methohexital, Oxazepam, Paraldehyde, Promazine, Prochlorperazine, Propiopromazine, or Reserpine (PRE)

· useful for chemical restraint or preanesthesia

· not as commonly used as ketamine and others

· unpredictable violent activity  can occur following arousal from certain tranquilizers

d.
IM or SQ route - Atropine (PRE)

· used to reduce salivary secretions

e.
IM, IV, or SQ route – DROPERIDOL AND FENTANYL CITRATE (Innovar-vet) (PRE, ANES, ANAL)

· large differences in doses between species

· unpredictable in chimpanzees

· NHP respond minimally to auditory stimuli

· The narcotic component (fentanyl) can be reversed by a narcotic antagonist, such as naloxone or nalorphine in the event of respiratory depression or the desire to hasten recovery.

f.
IM or SQ route - Meperidine (PRE, ANAL)

· excellent preanesthetic for chimps

· also useful in other NHPs as restraint drug, preanesthetic, or analgesic

g.
IM or SQ route - Morphine or Xylazine (PRE, ANAL)

· morphine generally considered ineffective in chimps

· xylazine used alone or in combination with ketamine

h.
IM, IV, or SQ route - Ketamine (PRE, ANES)

· period of anesthesia ranges from 20 to 70 minutes

· skeletal relaxation is fair

· large IM or IV doses are associated with myoclonic spasms and clonic convulsions

· tolerance has been reported following repeated injection of ketamine in macaques

2.
Inhalant Method

Anesthetic Chamber, Cone, Mask, or Endotracheal route - Halothane, Methoxyflurane, Nitrous Oxide (ANES)

· ketamine and/or barbiturates used for induction

· open system commonly used in animals weighing less than 5 kg

· halothane, N2O, and O2 anesthesia is less depressant on the cardiovascular system than halothane and oxygen

· open nonrebreathing systems are used more commonly in small monkeys

I.
Rabbits

1.
Physical Method

Hypnosis (PRE)

· induced by placing rabbit in the VD position and rhythmically stroking their abdomens and speaking in a low monotone

· minor procedures can be performed

· drugs such as chlorpromazine, meprobamate, and pentobarbital aid in the hypnosis

2.
Parenteral Methods

a.
IV route - Pentobarbital or Equi-Thesin (ANES)

· Pentobarbital administered via the marginal aural, cephalic, or femoral vein

· duration of anesthesia usually less than 20 minutes

· xylene can be used to dilate the vessels of the ear

· pentobarbital can be used successfully only if the rabbit is maintained in a lighter plane of anesthesia than is customary in the dog, cat, and other animals

· anesthesia and respiratory arrest may be reached simultaneously

· pentobarbital combined with Equi-Thesin produces satisfactory anesthesia

· certain breeds appear to be more susceptible to respiratory failure than others; mixed breeds tolerate pentobarbital more

b.
IV route - Thiopental, Thiamylal, or Methohexital (book says Methoxyflurane) (ANES)

· dose of thiobarbiturates extremely variable in rabbits

· duration of surgical anesthesia is about 5 to 10 minutes

· high percentage of rabbits have circulating atropinase

· Methohexital is safe for induction and diagnostic procedures

c.
IP or IM route - Pentobarbital, Phenobarbital, or Others (ANES)

· IP injection can be hazardous because of narrow margin of safety of drug

d.
IM route - Acetylpromazine, Chlorpromazine, Diazepam, Paraldehyde, Probanthine, Promazine, or Propriopromazine (PRE)

· Ace with or without other drugs used to 1) reduce dose of pentobarbital, 2) improve narrow margin of safety, 3) facilitate intubation, 4) lengthen duration of anesthesia

e.
IM or SQ route - Atropine (PRE)

· used as preanesthetic

· Approx. 1/3 of all rabbits have high levels of atropinase, metabolize atropine rapidly, and thus require larger doses of atropine at more frequent intervals.

f.
IM route - Innovar-vet, or Meperidine (PRE, ANES, ANAL)

· useful alone or in conjunction with barbiturates or inhalants

· causes respiratory depression as well as bradycardia

· rabbits react to sudden sharp sounds

g.
IM or IV route - Ketamine alone or with Acetylpromazine, Chloral Hydrate, Diazepam, or Xylazine (PRE, ANES, ANAL)

· inadequate for major surgical procedures

· stimulates respiration and increases blood pressure

· xylazine is suitable analgesic but does not produce adequate immobilization

· ketamine and xylazine adequate for orthopedic procedures

· ketamine and chloral hydrate produces anesthesia for 4 hours w/o marked changes in respiration or blood pressure

3.
Inhalant Method

Anesthetic Chamber, Mask, Cone, or Endotracheal route - Ether, Halothane, Methoxyflurane, Nitrous Oxide (ANES)

· ether satisfactory for short periods of anesthesia

· induction more satisfactory in chamber rather than mask etc.

· ether causes loss of corneal reflex before loss of the ability to retract the foot

· long exposure associated with pulmonary edema

· halothane and methoxyflurane are preferred

· intubation can be difficult

· rabbits may hold their breath during induction with inhalants

· more susceptible to the hepatotoxic effects of halothane then rats and mice

J.
Rats

1.
Parenteral Methods

a.
IV or IP route - Alpha Chloralose, Chloral Hydrate, Chlorobutanol, Paraldehyde, Tribromoethanol, or Urethane (ANES)

· have no advantages over pentobarbital

· IP chloral hydrate causes peritonitis and adynamic ileus

· urethane used in nonsurvival surgeries

b.
IV route - Hexobarbital, Pentobarbital, Secobarbital, Thiamylal, or Thiopental (ANES)

· routes for administration - tail, saphenous, recurrent tarsal, and metatarsal veins

· agent should be diluted

· age, sex, strain, population density,  nutrition, bedding, and presence of ammonia will influence anesthetic dose

· female rats metabolize some drugs more slowly than males

· rats from soiled cages are more refractory to barbiturate anesthesia

c.
IP route - Hexobarbital, Methohexital, Pentobarbital, or Secobarbital (ANES)

· variable response

· duration of anesthesia 30 to 45 minutes

· IM premedication with Chlorpromazine will extend anesthesia

d.
IP or IM route - Thiamylal or Thiopental (ANES)


· IP route not advised

e.
IM or SQ route - Innovar-vet (PRE, ANES, ANAL)

· may be supplemented with inhalants

f.
IM, SQ, or IP route - Ketamine (PRE, ANES)

· similar to other species

g.
IM or SQ route - Meperidine, Morphine, or Xylazine (PRE, ANAL)

· used following certain procedures associated with pain

h.
SQ, IM, IP route - Atropine (PRE)

· rat hydrolyzes atropine rapidly

2.
Inhalant Methods

a.
Anesthetic Chamber - Carbon Dioxide with or without oxygen (ANES)

· effective for short periods

b.
Anesthetic Chamber, Cone, Mask, or Endotracheal intubation - Ether (ANES)

· used for measurement of blood pressure in rats

c.
Anesthetic Chamber, Cone, Mask, or Endotracheal Intubation - Halothane or Methoxyflurane (ANES)

· induction usually done in a jar

· methoxyflurane produces good relaxation and analgesia for long periods of time without any harmful effects in wild rats

· F344 rats develop dose-related diabetes insipidus-like syndrome following administration of methoxyflurane

K.
Rodents and Miscellaneous Noncarnivores

1.
Parenteral Methods

a.
IV route - Pentobarbital (ANES)

· this route preferred

· suitable for armadillos

· kangaroo rats have lower tolerance to anesthetic agents

b.
IV route - Thiamylal or Thiopental (ANES)

· used in chinchillas and other small rodents

· slow infusion of Thiopental used successfully in armadillos

c.
IP, IM, or SQ route - Pentobarbital (ANES)
· used in chinchillas, gerbils, nutria, and other rodents

· some need supplemental administration of volatile agent

d.
IM route - Acepromazine and Ketamine (ANES)

· satisfactory in chinchillas used in auditory surgery

· ketamine alone not recommended in marmots

e.
IM route - Innovar-vet (PRE, ANES)

· better than pentobarbital or ketamine in marmots

· useful in armadillos

· not recommended in lemmings or ground squirrels

f.
IM or SQ route - Meperidine (PRE, ANAL)

· used as preanesthetic in chinchillas prior to local infiltration of hexylcaine

2.
Inhalant Method

Anesthetic Chamber, Cone, Mask - Ether, Halothane, or Methoxyflurane (ANES)

· halothane safer in chinchillas, squirrels etc. than ether

· in gerbils ether can cause postanesthetic respiratory problems

· armadillos hold breath during induction with ether

· higher concentration of halothane needed to maintain opossums

L.
Ruminants

1.
Parenteral Methods

a.
IV route - alpha Chloralose and/or Urethane (ANES)
· used for nonsurvival in calves, goats, and sheep where baroreceptors and other reflexes must remain functional

b.
IV route - Glyceryl Guaiacolate (Guaifenesen) (PRE, ANES)
· used alone or in combination with thiobarbiturates for short procedures and induction

c.
IV route - Pentobarbital (ANES)
· short duration in goats and sheep

· intubation is recommended

· response in calves, goats, and sheep is variable

· contraindicated in cardiovascular procedures in calves

· pentobarbital containing propylene glycol may cause hemolysis and hematuria in goats and sheep

d.
IV route - Thiamylal or Thiopental (ANES)
· may cause sloughing if injected perivascularly

· useful for short procedures and intubation

e.
IV route - Xylazine (PRE, ANES, ANAL)
· produces a state resembling general anesthesia for 45 minutes in cattle

· complications include cardiac arrhythmia and diarrhea in cattle

f.
IV or IM route - Atropine (PRE)
· used to decrease salivation and vagal effects during surgery

· goats require high dose to be effective

g.
IM or IV route - Acetylpromazine, Chlorpromazine, Perphenazine, Promazine, Propiopromazine, or Triflupromazine (PRE)
· used to enhance general and local anesthesia

· long duration of these drugs when used prior to general anesthetic makes their use questionable

h.
IM or IV route - Ketamine (PRE)
· IM route preferred

· similar to other species

i.
Local Anesthesia - Bupivicaine, Procaine, Tetracaine (ANES)
2.
Inhalant Methods

a.
Mask, Cone, or Endotracheal route - Ether (ANES)
· induction causes salivation and excitement in goats and other ruminants

· may produce postoperative bronchopneumonia in cattle

b.
Mask, Cone, or Endotracheal route - Halothane or Methoxyflurane with or without Nitrous Oxide (ANES)
· halothane used widely in goats and sheep for fetal or obstetrical procedures

· methoxyflurane is suitable prior to cardiovascular surgery in calves

M.
Swine

1.
Parenteral Methods

a.
IV route - alpha Chloralose (ANES)
· similar to other species

b.
IV route - Pentobarbital (ANES)
· lateral aural or cranial superficial epigastric veins are sites of administration

· preanesthetic administration of ketamine is useful 

· deep anesthesia is necessary to abolish all reflexes in swine

· more hazardous in large and older animals

c.
IV route - Thiopental or Thiamylal (ANES)
· useful for short procedures and intubation

· prolonged infusion results in saturation of the tissues, delayed recovery, and cardiopulmonary depression

d.
IP route - Pentobarbital (ANES)
· useful in small pigs or those with damaged ear veins

e.
IM or IV route - Acetylpromazine, Chlorpromazine, Diazepam, Promazine, or Triflupromazine (PRE)
· useful for restraint prior to administration of other agents

· phenothiazines are sympathetic alpha blockers and may cause hypotension; should not be used in shock or prior to long procedures

· Ace is most predictable in swine

f.
IM or SQ route - Atropine (PRE)
· may produce arrhythmias during direct manipulation of the heart

· the small heart of pigs may contribute to anesthetic stress

g.
IM or IV route - Innovar-vet) (PRE)
· use is accompanied by ataxia, CNS stimulation, and squealing

· the administration of d-tubocurarine followed by IV Innovar-vet is useful in cases in which volatile agents cannot be used

· droperidol alone provides some degree of protection against induction of malignant hyperthermia by halothane

h.
IM or IV route - d-Tubocurarine, Gallamine Triethiodide, or Succinylcholine (PRE)
· d-Tubocurarine is much more potent in swine than man

· Gallamine used for endotracheal intubation as well as succinylcholine w/ ketamine

i.
IM route - Ketamine and/or Xylazine (PRE, ANES)
· Xylazine alone is not an effective tranquilizer

· ketamine used with other drugs to aid in intubation

· in older or large swine ketamine may cause signs that resemble the porcine stress syndrome

2.
Inhalant Method

Mask, Cone, or Endotracheal route - Halothane with or without Nitrous Oxide or Methoxyflurane (ANES)

· halothane in oxygen with nitrous oxide is very satisfactory

· halothane sensitizes the myocardium to catecholamines; may cause ventricular fibrillation and/or cardiac arrest

· Poland China, Landrace, and Pietrain breeds appear most susceptible to malignant hyperthermia

· halothane, succinylcholine, and stress can initiate malignant hyperthermia

III.
EUTHANASIA

· Euthanasia in laboratory animals must be 1) humane and unassociated with pain, etc. 2) safe for attending personnel, 3) easy to perform, 4) rapid in action, 5) appropriate for the age, species, health , and number of the animal(s), 6) esthetically acceptable, 7) reliable and reproducible, 8) irreversible, 9) nonpolluting, 10) without great potential for drug abuse, 11) economical, but must not 1) induce chemical changes in tissues, 2) result in chemical burden to tissues, 3) produce histopathological changes

· Relevant documents - 1) animal welfare act of 1970, 2) the guide, 3) the 1978 report of AVMA Panel on Euthanasia

A.
Amphibians, Fishes, and Reptiles

1.
Physical Methods

a.
Cervical Concussion, Stunning
· sharp blow to back of head followed by decapitation etc.

b.
Cervical Dislocation
· insert pencil, thumb, or rod into mouth, hold fish with opposite hand, displace head dorsally

c.
Decapitation with Heavy Scissors, a Knife, or Guillotine
· useful for eels and others

d.
Pithing
· sever the spinal cord behind the head

· may be difficult in South African clawed frog (Xenopus laevis); should use other methods

e.
Hypothermia, Confinement in a Refrigerator
· used prior to concussion, dislocation, exsanguination, etc.

2.
Parenteral Methods

a.
IP or Intrathoracic routes - Pentobarbital and other Barbiturates
· thoracic cavity in turtles and tortoises in entered through the thoracic inlet; IP between the tail and hindlegs

b.
Intrapleuroperitoneal route - Procaine or Chlorbutanol
· procaine useful in snakes

· chlorbutanol useful in frogs

c.
Percutaneous route - Urethane
· animals placed in 1-2% solution of urethane

· is a carcinogen

d.
Percutaneous route - MS-222
· is expensive but effective

3.
Inhalant Methods

a.
Lethal Chamber - Carbon Dioxide
· need to verify death

b.
Lethal Chamber, Dessicator, or Glass Jar - Ether, Halothane, and Methoxyflurane
· is relatively rapid and humane but results in exposure to personnel

B.
Birds

1.
Physical Methods

a.
Cervical Dislocation, Manual
· large birds held in one hand while the other is used to overextend the neck

· small birds - twisting the neck or pressing the neck against the edge of a table

b.
Cervical Dislocation with a Burdizzo Emasculator
· method reserved for larger birds such as turkeys or geese where two people may be required

c.
Decapitation with Scissors, a Knife, Chopper or Guillotine
· quick and effective for young and small birds

d.
Cervical Concussion, Stunning
· blow to the back of the head

e.
Pithing with or without Cervical Exsanguination
· cervical vessels severed through the mouth after spinal cord is severed

2.
Parenteral Method

IP, IV, IC, Intrathoracic, or IM routes - Barbiturates

· pentobarbital mixed with chloral hydrate and magnesium sulfate to produce anesthesia and euthanasia in birds

3.
Inhalant Methods

a.
Lethal Chamber - Carbon Dioxide
· effective means for euthanizing large number of birds

b.
Lethal Chamber - Ether, Halothane, Methoxyflurane, etc.
· there may be irritation of mucous membranes and excitement before loss of consciousness

C.
Cats and Dogs

1.
Parenteral Methods

a.
IV, IP, Intrathoracic or IC routes - Barbiturates
· three times the anesthetic dose is effective

· IV preferred means of euthanasia in dogs and cats

· IP used in fractious animals

b.
IV, IC, IP, or Intrathoracic route - T-61
· no longer available

· associated with pain in some instances

c.
IM or SQ route - Ketamine, Narcotics, and/or Tranquilizers
· may be combined with other drugs; not recommended as sole agent

2.
Inhalant Methods

a.
Lethal Chamber - Carbon Dioxide
· concentrations of 40 to 70% required

· only one adult dog or cat should be euthanized in the chamber at a time

· this method favored when investigator needs to avoid the use of drugs or chemicals

b.
Lethal Chamber or Mask - Halothane or Methoxyflurane
· useful in cats that may be difficult to handle

D.
Ferrets, Foxes, and Mink

1.
Parenteral Method

IP route - Barbiturates

2.
Inhalant Methods

a.
Lethal Chamber - Carbon Dioxide
· animal in cage may be placed in chamber

b.
Lethal Chamber - Nitrogen
· used in mink

E.
Nonhuman Primates

1.
Parenteral Methods

a.
IP, IV, Intrathoracic, or IC route - Barbiturates
· may be used or in combination with other agents or methods

b.
IM or SQ route - Ketamine
· used to immobilize

2.
Inhalant Method

Lethal Chamber or Mask - Carbon Dioxide, Halothane, or Methoxyflurane

F.
Rabbits

1.
Physical Methods

a.
Cervical or Cranial Concussion (Stunning)
· blow to the head

· requires skill

· followed by other methods

b.
Cervical Dislocation
· overextension of the neck in rabbits less than 1 kg

c.
Decapitation
· reserved for special studies in which drugs are contraindicated

d.
Exsanguination
· performed after anesthetization

2.
Parenteral Methods

a.
IV route - air
· 5-50 ml/kg 

· may be accompanied by convulsions, opisthotonos, pupillary dilatation, and vocalization

· not recommended in unanesthetized animals

b.
IV, IP, Intrathoracic, and IC routes - Barbiturates
· may be painful if injected into the pericardial sac


3.
Inhalant Methods

a.
Euthanasia Chamber - Carbon Dioxide
· concentrations of 40 - 100 % are effective

b.
Euthanasia Chamber of Mask - Ether, Halothane, or Methoxyflurane
· may see struggling

G.
Rodents (Including Chinchillas, Gerbils, Guinea Pigs, Hamsters, Mice, Porcupines, and Rats)

1.
Physical Methods

a.
Cervical Concussion, Stunning
b.
Cervical Dislocation, Manual
· satisfactory in mice

c.
Cervical Dislocation with a Burdizzo Emascultome
d.
Decapitation with a Guillotine
· head must be completely severed

· should not be done in the presence of other animals

· used in pharmacologic studies

2.
Parenteral Method

IV, IP, IC, or Intrathoracic route - Barbiturates
· Intrathoracic or IC may be painful

· Pentobarbital contraindicated prior to hysterectomy in producing SPF or gnotobiotic animals

3.
Inhalant Methods

a.
Lethal Chamber - Carbon Dioxide 

· ideal for rodents

· newborn rodents more resistant than older animals

b.
Lethal Chamber - Ether, Halothane, or Methoxyflurane
· contraindicated in lipid studies

· containers should be glass rather than plastic

H.
Ruminants

1.
Physical Methods

a.
Electrocution or Electrical Stunning
· acceptable with bovine and equine species

· electrodes should be placed so that current passes through the brain

b.
Shooting with a Captive Bolt
· gun should be place at right angle to the skull and directed toward center of the brain

c.
Exsanguination
· Used secondary to captive bolt, stunning, etc.  exception is Kosher exsanguination

2.
Parenteral Method

IV route - Barbiturates
3.
Inhalant Method

Euthanasia Cone or Mask - Halothane or Methoxyflurane
· used in lambs and kids

I.
Swine

1.
Physical Methods

a.
Electrical Stunning
b.
Shooting with a Captive Bolt
· directed from a point slightly above a line between the eyes

2.
Parenteral Methods

a.
IV, IP, Intrathoracic, or IC route - Barbiturates
b.
IM or SQ route - Ketamine
· restraint

3.
Inhalant Method

Euthanasia Chamber or Special Enclosure - Carbon Dioxide
· concentrations of 65 - 90 % effective
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