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I. PREFACE

1. What’s New in the 6th Panel Report

· Updated info on euthanasia of animals in research and animal care and control facilities

· Expanded information on ectothermic, aquatic, and fur-bearing animals

· Added information on horses and wildlife

· Deleted methods or agents considered unacceptable

· Addresses management and handling of free-ranging wildlife and need for humane euthanasia in this context

2. Panel Report Objectives

· Give veterinarians guidance in relieving pain and suffering of animals to be euthanized

· Veterinarians must use professional judgement in applying panel report to various settings where animals are to be euthanized

II. INTRODUCTION

A. Euthanasia – Definition and General Considerations

· Euthanasia derived from Greek terms eu (good) and thanatos (death); “good death” occurs with minimal pain and distress

· Euthanasia - act of inducing humane death in an animal

· Euthanasia techniques should result in rapid unconsciousness followed by cardiac or respiratory arrest and ultimate loss of brain function

· Technique should minimize animal distress and anxiety prior to unconsciousness

· Veterinarian with appropriate training and expertise for species involved should be consulted to ensure proper procedures used

B. Pain Mechanisms

· Pain - sensation resulting from nerve impulses reaching cerebral cortex via ascending neural pathways

· Pathways specific but nervous system so plastic that nociceptive pathway activation may not cause pain and stimulation of non-nociceptive peripheral and central neurons can result in pain

· Nociceptive derived from noci (to injure) and ceptive (to receive); used to describe neuronal input caused by noxious stimuli which threaten to or do destroy tissue

· Noxious stimuli initiate nerve impulses at primary nociceptors and other sensory nerve endings that respond to noxious and non-noxious stimuli from mechanical, thermal, or chemical activity

· Endogenous chemical substances (hydrogen and potassium ions, ATP, serotonin, histamine, bradykinin, prostaglandins) and electric currents can generate nerve impulses in nociceptor nerve fibers

· Nociceptor-generated nerve impulse activity conducted by nociceptor primary afferent fibers to spinal cord or brainstem & transmitted to 2 sets of neural networks

1. One set related to nociceptive reflexes mediated at the spinal level

2. 2nd set - ascending pathways to reticular formation, hypothalamus, thalamus, cerebral cortex (somatosensory cortex, limbic system) for sensory processing

· Ascending nociceptive pathways numerous, often redundant, and capable of plasticity under chronic conditions

· Nociceptive neural activity pathway transmission highly variable

· Incorrect to use term pain for stimuli, receptors, reflexes, or pathways because term implies perception, but all of the above may be active without pain perception

C. Pain Categories

Sensory-Discriminative
· Indicates site of origin and stimulus giving rise to pain

· Processing of nociceptive impulse most likely done by subcortical and cortical mechanisms similar to those for processing other sensory-discriminative input that provides information about intensity, duration, location, and quality of stimulus

· Possible to separate sensory-discriminative from motivational-affective components

Motivational-Affective
· Severity of stimulus perceived and animal’s response determined

· Processing involves ascending reticular formation for behavioral & cortical arousal

· Also involves thalamic input to forebrain and limbic system for perceptions such as discomfort, fear, anxiety, and depression

· Neural networks have strong inputs to limbic system, hypothalamus, and autonomic nervous system for reflex activation of cardiovascular, pulmonary, and pituitary-adrenal systems

· Responses activated by these systems feed back to forebrain and enhance perceptions derived via motivational-affective inputs

D. Experiencing Pain

· Functional cerebral cortex, subcortical structures required if pain to be experienced

· If cerebral cortex nonfunctional due to hypoxia, depression by drugs, electric shock, or concussion, pain not experienced

· Choice of euthanasia method less critical in anesthetized or unconscious animal if animal does not regain consciousness prior to death

E. Stress

· Stress - effect of physical, physiologic, or emotional factors (stressors) that induce alteration in animal’s homeostasis or adaptive state

· Response to stress represents adaptive process necessary to restore baseline mental and physiologic state

· Responses may involve changes in neuroendocrinologic system, autonomic nervous system, and mental status that may result in overt behavioral changes

· Response varies according to experience, age, species, breed, current physiologic and psychologic state

· Stress divided into 3 phases – eustress, neutral stress, distress

· Eustress – harmless stimuli initiates adaptive responses that are beneficial

· Neutral stress – response to stimuli causes neither harmful nor beneficial effects

· Distress – response to stimuli interferes with animal well-being and comfort

F. General Comments

· Some euthanasia methods require physical handling of animals

· Amount of control and kind of restraint determined by species, breed, size, domestication state, degree of taming, presence of painful injury or disease, degree of excitement, euthanasia method

· Proper handling vital to minimize animal pain and distress, to ensure personnel safety, and to protect other people and animals

· Personnel must have appropriate certification and training, experience with techniques, and experience in humane restraint so as to ensure minimal animal pain and distress during euthanasia

· Training and experience should include familiarity with normal species behavior, how handling and restraint affects behavior, and understanding of mechanism by which techniques induces unconsciousness and death

· Most appropriate euthanasia method in given situation depends on animal species, available means of restraint, personnel skill, animal number, other considerations

G. Other Definitions

· Acceptable methods are those that consistently produce a humane death when used as the sole means of euthanasia

· Conditionally acceptable methods are those that by the nature of the technique or because of greater potential for operator error or safety hazards might not consistently produce humane death or are methods not well documented in the scientific literature

· Unacceptable techniques - methods deemed inhumane under any conditions or that the panel found posed substantial risk to the human applying the technique

· Adjunctive methods - methods that cannot be used as sole method of euthanasia, but can be used in conjunction with other methods to produce humane death

III. GENERAL CONSIDERATIONS

· Panel used following criteria in evaluating euthanasia methods:

1. Ability to induce unconsciousness and death without causing pain, distress, anxiety, or apprehension

2. Time required to induce unconsciousness

3. Reliability

4. Safety of personnel

5. Irreversibility

6. Compatibility with requirement and purpose

7. Emotional effect on observers or operators

8. Compatibility with subsequent evaluation, examination, or use of tissue

9. Drug availability and human abuse potential

10. Compatibility with species, age, and health status

11. Ability to maintain equipment in proper working order

12. Safety for predators/scavengers should the carcass be consumed

· Animals intended for food should be slaughtered humanely, taking into account any special requirements of the USDA

· Ethical considerations that must be addressed when euthanatizing healthy and unwanted animals reflect professional and societal concerns

· Euthanasia must be performed in accordance with applicable federal, state, and local laws governing drug acquisition and storage, occupational safety, and methods used for euthanasia and disposal of animals

· Veterinarian experienced with the species should use professional judgement and knowledge of clinically acceptable techniques in selecting an appropriate euthanasia technique whenever circumstances not clearly covered by this report arise

· Imperative that death be verified after euthanasia and before disposal of the animal

IV. ANIMAL BEHAVIORAL CONSIDERATIONS

· Need to minimize animal distress must be considered in selecting euthanasia method

· Sedation and/or anesthesia may help in achieving best conditions for euthanasia

· Animals that are wild, feral, injured, or distressed from disease pose different challenges as restraint and handling may be more harmful to animal and operator

· Behavioral and physiologic responses to noxious stimuli include distress vocalization, struggling, escape attempts, defensive or redirected aggression, salivation, urination, defecation, anal sac evacuation, pupillary dilatation, tachycardia, sweating, and reflex skeletal muscle contractions causing shivering, tremors, or other muscular spasms

· Desirable that other animals not be present when individual animal euthanasia performed for sensitive species in which distress vocalizations, fearful behavior, and release of certain odors or pheromones by a frightened animal may cause anxiety and apprehension in other animals

V. HUMAN BEHAVIORAL CONSIDERATIONS
· Human psychologic responses to animal euthanasia must be considered, with grief the most common reaction

· Circumstances under which we are most aware of the effects of animal euthanasia:

1. Veterinary clinical setting

· Owner may feel responsible for allowing animal’s medical or behavioral problem go unattended so that euthanasia becomes necessary

· When owners are present during euthanasia, they should be prepared for what will happen

· Counseling services for grieving owners are available

· Veterinarians, staff may be attached to patients and affected by euthanasia

2. Animal care and control facilities

· Distress may develop among personnel who perform euthanasia repeatedly

· Person performing euthanasia must be technically proficient, use humane handling methods, understand reasons for euthanasia, be familiar with euthanasia method effects on animals

· Methods that preclude animal movement are more aesthetically acceptable

· Constant exposure to, or participation in, euthanasia procedures can cause psychologic state characterized by work dissatisfaction or alienation leading to absenteeism, belligerence, or careless and callous animal handling

· Specific coping strategies can make task more tolerable

· Strategies include adequate training programs, peer support in the workplace, professional support as needed, focusing on successfully adopted or recovered animals, devoting some work time to educational activities, providing time off when workers feel stressed

3. Research laboratories

· Same considerations afforded pet owners or shelter employees should be provided to those working in laboratories

4. Wildlife control

5. Livestock and poultry slaughter facilities

6. Public exposure

VI. MODES OF ACTION OF EUTHANATIZING AGENTS

Euthanatizing agents cause death by 3 basic mechanisms.

1. Hypoxia, direct or indirect

· Loss of consciousness should precede loss of motor activity, as loss of motor activity cannot be equated with unconsciousness and absence of distress

· Agents that induce muscle paralysis without loss of consciousness are not acceptable as sole agents for euthanasia (depolarizing and nondepolarizing muscle relaxants, strychnine, nicotine, magnesium salts)

2. Direct depression of neurons necessary for life function

3.
Physical disruption of brain activity and destruction of neurons necessary for life

VII. INHALANT AGENTS

A. General

1. Euthanasia via inhalant agent takes some time

2. Agent suitability depends on whether animal experiences distress between first inhalation of agent to unconsciousness

3. Agents inducing convulsions prior to unconsciousness are unacceptable

4. Certain considerations common to all inhalant agents:

· Unconsciousness more rapid, and euthanasia more humane, if animal rapidly exposed to high concentration of agent

· Equipment must be in good working order and in compliance with state and federal regulations

· Most agents hazardous to personnel due to risk of explosions (ether), narcosis (halothane), hypoxemia (N2, CO), addiction (NO), or health effects resulting from chronic exposure (NO, CO)

· Alveolar concentrations rise slowly in animal with decreased ventilation, making agitation during induction more likely – consider noninhalant methods

· Because neonatal animals seem more resistant to hypoxia, panel recommends that inhalant agents not be used alone in animals < 16 weeks old except to induce unconsciousness, followed by some other method to kill the animal

· Rapid gas flows can produce a noise that frightens animals so equipment should be designed to minimize noise

· Animals placed in chambers should be of same species and restrained so not to hurt themselves or others; chambers should not be overloaded and should be clean to minimize distressful odors for animals subsequently euthanized

· Reptiles, amphibians, and diving birds and mammals have great capacity for breath holding and anaerobic metabolism, thus prolonging anesthetic induction and time to unconsciousness; other noninhalant techniques may be more appropriate for these species

B. Inhalant Anesthetics

1.
General Comments
· Methoxyflurane is conditionally acceptable agent for euthanasia in rodents

· Because liquid state of most inhalants is irritating, animals should only be exposed to vapors

· Sufficient air or O2 must be provided during induction to prevent hypoxemia

· Occupational exposure to inhalant anesthetics constitutes human health hazard

· Concentrations of halothane, enflurane, and isoflurane should be < 2 ppm, and < 25 ppm for nitrous oxide

2.
Advantages

· Useful in animals <7 kg or in animals in which venipuncture is difficult

· Preferred inhalants (see below) are nonflammable and nonexplosive under ordinary environmental conditions

3.
Disadvantages

· Anesthetic vapors may be irritating and induce excitement, possibly causing struggling or anxiety for animal during induction

· Ether is flammable and explosive

· Methoxyflurane is unacceptably slow in some species

· Nitrous oxide supports combustion

· Personnel, animals can be injured by exposure to these agents

· Potential for human abuse of agents (i.e. nitrous oxide)

4.
Recommendations

· In order of preference [HE IS MD], halothane, enflurane, isoflurane, sevoflurane, methoxyflurane, and desflurane, with or without nitrous oxide, are acceptable for euthanasia of small animals (<7 kg)

· Ether is conditionally acceptable

· Nitrous oxide should not be used alone

· Agents not used in larger animals due to cost and administration difficulties

C. Carbon Dioxide (CO2)

1.
Advantages

· Rapid depressant, established analgesic and anesthetic.

· Readily available, can purchase in compressed gas cylinders

· Inexpensive, nonflammable, nonexplosive, minimal hazard to personnel when used with appropriate equipment

· No accumulation of tissue residues in food-producing animals

· Does not distort murine cholinergic markers or corticosterone concentrations

2.
Disadvantages

· Because heavier than air, incomplete chamber filling may permit animals to climb or raise heads above higher concentrations and avoid exposure

· Some species (fish, burrowing/diving mammals) may have unusual tolerance

· Reptiles and amphibians may breathe to slowly for effective use

· May take longer than euthanasia by other means

· Induction of unconsciousness at lower concentrations (<80%) may produce pulmonary and upper respiratory tract lesions

· High concentrations may be distressful to some animals

3.
Recommendations

· Carbon dioxide acceptable for euthanasia in appropriate species

· Compressed gas in cylinders is only recommended source of carbon dioxide because chamber inflow can be regulated precisely

· Carbon dioxide generated by other means (dry ice, fire extinguishers, chemical means) is unacceptable

· Species should be separated; chambers should not be overcrowded

· With animal in chamber, optimal flow rate should displace at least 20% of chamber volume per minute

· Gas flow should be maintained at least 1 min after apparent clinical death

· Important to verify animal is dead – if not, carbon dioxide narcosis must be followed by another means of euthanasia

· No advantage to combining oxygen with carbon dioxide for euthanasia

D. Nitrogen (N2), Argon (Ar)

1.
Advantages

· Readily available as compressed gases

· Hazards to personnel are minimal

2.
Disadvantages

· Hypoxemia and ventilatory stimulation precedes unconsciousness – may be distressing to animal

· Reestablishing low O2 concentration (>6%) before death allows immediate recovery

3.
Recommendations

· Can be distressful to some species (rats)

· Conditionally acceptable only if O2 concentrations <2% rapidly achieved, and animals heavily sedated or anesthetized

· Effective, but other euthanasia methods are preferable

E. Carbon Monoxide (CO)

1.
General Comments

· Combines with hemoglobin to form carboxyhemoglobin and blocks oxygen uptake by erythrocytes, leading to fatal hypoxemia

· Only acceptable source is compressed CO in cylinders

· In people, most common symptoms of early CO toxicosis are headaches, dizziness, weakness; as carboxyhemoglobin concentrations increase, decreased visual acuity, tinnitus, nausea, progressive depression, confusion, collapse may follow these signs

· Cumulative poison

· Extremely hazardous for personnel since highly toxic and difficult to detect

· Efficient exhaust/ventilatory system vital to avoid accidental human exposure

2.
Advantages

· Induces unconsciousness without pain and with minimal discomfort

· Hypoxemia insidious so animal appears unaware

· Death occurs rapidly if concentrations of 4-6% used

3.
Disadvantages

· Safeguards to prevent personnel exposure

· Electrical equipment exposed to CO must be explosion proof

4.
Recommendations

CO used for individual animal or mass euthanasia acceptable for dogs, cats, and other small mammals, provided that commercially compressed CO used and following precautions are taken:

· Personnel must be instructed on its use and understand its hazards/limitations

· CO chamber must be of highest quality construction and allow separation of individual animals

· CO source and chamber must be located in well-ventilated environment

· Chamber must be well lit and have view ports to allow personnel direct observation of animals

· CO flow rate should rapidly achieve uniform CO concentration of at least 6% after animals are placed in chamber

· If chamber inside room, CO monitors must be placed in room to warn personnel of hazardous concentrations

CO use must be in compliance with state and federal occupational health and safety regulations.

VIII. NONINHALANT PHARMACEUTICAL AGENTS

A. General Comments

· Use of injectable euthanasia agents most rapid, reliable euthanasia method

· If IV administration impractical, IP administration of nonirritating euthanasia agent acceptable if it doesn’t contain neuromuscular blocking agents

· Intracardiac injection is acceptable ONLY when performed on deeply sedated, anesthetized, or comatose animals; it IS NOT acceptable in awake animals

· IM, SC, intrathoracic, intrapulmonary, intrahepatic, intrarenal, intrasplenic, intrathecal, and other nonvascular injections ARE NOT acceptable methods of administering injectable euthanasia agents

B. Barbituric Acid Derivatives

1. General Comments

· Depress CNS in descending order, beginning with cerebral cortex, with unconsciousness progressing to anesthesia.

· With overdose, deep anesthesia proceeds to apnea followed by cardiac arrest.

· All barbituric acid derivatives used for anesthesia are acceptable for euthanasia when administered IV.

· Desirable agents (sodium pentobarbital) potent, long-acting, stable in solution, inexpensive.

2. Advantages

· Rapid effect but is dependant on dose, concentration, route, and injection rate

· Induces euthanasia smoothly with minimal discomfort

· Less expensive than other euthanasia agents

3. Disadvantages

· IV injection necessary for best results and requires trained personnel

· Animal must be restrained

· Current federal drug regulations require strict accounting, and barbiturates MUST be used under supervision of personnel registered with US Drug Enforcement Administration (DEA)

· Aesthetically objectionable terminal gasp may occur in unconscious animals

· Tends to persist in carcass and may cause sedation or death of animals that consume body of euthanized animal

4. Recommendations

· IV injection preferred euthanasia method of dogs, cats, other small animals, horses

· IP injections may be used when IV injection is distressful or dangerous

· Intracardiac injection must only be used if animal is heavily sedated, unconscious, or anesthetized

C. Pentobarbital Combinations

· Barbituric acid derivative with added local anesthetic agents or agents that metabolize to pentobarbital

· Combination products listed by DEA as Schedule III drugs, so simpler to obtain, store, and administer than Schedule II drugs (sodium pentobarbital)

· Combination of pentobarbital with neuromuscular blocking agent IS NOT an acceptable euthanasia agent

D. Chloral Hydrate

1.
General Comments

· Depresses cerebrum slowly

· Death due to hypoxemia resulting from respiratory center depression

· Death may be preceded by gasping, muscle spasms, and vocalization

2.
Recommendations

· Conditionally acceptable for large animals only when given IV, and only after sedation to decrease undesirable side effects

· Not acceptable for dogs, cats, and other small animals

E. T-61

· Injectable, nonbarbiturate, non-narcotic mixture of 3 drugs

· General anesthetic, curariform, and local anesthetic actions

· Not available in US but available in Canada and other countries

· Should only be used IV

F. Tricaine Methane Sulfonate (MS 222, TMS)

· Used for euthanasia of amphibians and fish

· Not appropriate for euthanasia of animals intended for food

G. Potassium Chloride (KCl) In Conjunction With Prior General Anesthesia

1. General Comments

· Unacceptable in conscious animals

· Acceptable when given IV or intracardially in anesthetized animals

· Produces cardiac arrest and death – potassium ion is cardiotoxic

· Preferred technique for euthanasia of livestock or wildlife species in situations where carcasses of euthanatized animals may be consumed

2. Advantages

· Not controlled substance so easily acquired, transported, mixed in the field

· Results in carcass that is potentially less toxic for scavengers and predators in cases where carcass disposal is impossible or impractical

3. Disadvantages

· Muscle rippling and clonic spasms may occur on or shortly after injection

4. Recommendations

· Personnel MUST be trained and knowledgeable in anesthetic techniques and competent in assessing anesthetic depth for IV KCl administration

H. Unacceptable Injectable Agents

· When used alone, strychnine, nicotine, caffeine, magnesium sulfate, KCl, cleaning agents, solvents, disinfectants and other toxins or salts, and all neuromuscular blocking agents are unacceptable as euthanasia agents

IX. PHYSICAL METHODS
A. General Comments

· May result in less fear and anxiety and be more rapid, painless, humane, and practical when used by skilled personnel with well-maintained equipment

· Exsanguination, stunning, and pithing are not recommended as sole means of euthanasia but can be adjuncts to other agents or methods

· Can be aesthetically displeasing

· Personnel must be well trained, monitored, and sensitive to aesthetic implications

· Most methods involve trauma so there is inherent risk for animals and humans

· Panel considers most physical methods conditionally acceptable.

B. Penetrating Captive Bolt

1. General Comments

· Used for euthanasia of ruminants, horses, swine, laboratory rabbits, and dogs

· Mode of action – concussion and trauma to cerebral hemisphere and brainstem

· Adequate restraint important to ensure proper placement of captive bolt

2. Advantage – Effective method of euthanasia for use in slaughterhouses, in research facilities, and on farms when use of drugs is inappropriate

3. Disadvantages

· Aesthetically displeasing

· Death may not occur if equipment is not maintained and used properly

4. Recommendations

· Acceptable and practical method of euthanasia for horses, ruminants, swine

· Conditionally acceptable in other species

· Nonpenetrating captive bolt only stuns, should not be sole means of euthanasia

C. Euthanasia By A Blow To The Head

· Method must be evaluated in terms of anatomic features of species

· Can be a humane euthanasia method for neonatal animal with thin craniums

· Personnel MUST be properly trained and monitored for proficiency and MUST be aware of its aesthetic implications

D. Gunshot

1. General Comments

· Properly placed gunshot can cause immediate insensibility and humane death

· Only be done by highly skilled personnel trained in firearm use and only in jurisdictions that allow legal firearm use

· In captive animals, firearm should be aimed so projectile enters brain, causing instant unconsciousness

· For wildlife and other freely roaming animals, preferred target area is the head

· Appropriate firearm should be used, with goal of penetrating and destroying brain tissue without emergence from contralateral side of the head

2. Advantages

· Loss of consciousness instantaneous if projectile destroys most of brain

· To minimize stress due to handling and human contact, gunshot may be most practical and logical euthanasia method of wild or free-ranging species

3. Disadvantages

· May be dangerous to personnel

· Aesthetically unpleasant

· Under field conditions, may be difficult to hit vital target area

· May not be able to examine brain tissue for rabies or chronic wasting disease when head targeted

4. Recommendations

· Conditionally acceptable when other methods cannot be used

· When animal can be suitably restrained, penetrating captive bolt preferred

· Should not be used for routine euthanasia in animal control situations

E. Cervical Dislocation

1. Advantages

· May induce rapid loss of consciousness

· Does not chemically contaminate tissue

· Rapidly accomplished

2. Disadvantages

· May be aesthetically displeasing to personnel

· Requires mastering technical skills

· Use limited to poultry, other small birds, mice, and immature rats and rabbits

3. Recommendations

· Humane euthanasia technique for poultry, other small birds, mice, rats weighing < 200 g, and rabbits weighing < 1 kg when performed by individuals who are technically proficient

· In research settings, technique should only be used when scientifically justified by the user and approved by the IACUC

· Personnel must be properly trained to perform technique

F. Decapitation

1. General Comments

· Used to euthanatize rodents and small rabbits in research settings

· Can obtain anatomically undamaged brain tissue for study

2. Advantages

· Appears to induce rapid loss of consciousness

· Does not chemically contaminate tissues and body fluids

· Rapidly accomplished

3. Disadvantages

· Handling and restraint required for technique may be distressful to animals

· Interpretation of presence of electrical brain activity following decapitation has created controversy, importance open to debate.

· Personnel should recognize inherent danger of guillotine and take precautions to prevent personal injury

· May be aesthetically displeasing to operators and observers

4. Recommendations

· Conditionally acceptable if performed correctly settings

· Should be used in research settings when required by experimental design and approved by IACUC

· Equipment should be in good working order and serviced regularly

· Personnel must be properly trained to perform technique

G. Electrocution

1. General Comments

· Used for euthanasia of dogs, cattle, sheep, swine, foxes, and mink

· Induces death by cardiac fibrillation which causes cerebral hypoxia

· Because animals may not immediately lose consciousness after onset of cardiac fibrillation, animals must be unconscious before being electrocuted

· Euthanasia by electrocution in most species is a 2-step procedure

2. Advantages

· Humane if animal is first rendered unconscious

· Does not chemically contaminate tissues

· Economical

3. Disadvantages

· May be hazardous to personnel

· When single animal probes are used, may not be useful for mass euthanasia due to time required per animal

· Not useful method for dangerous, intractable animals

· Aesthetically objectionable – violent extension, stiffening of limbs, head, neck

· May not result in death of animals <5 kg because ventricular fibrillation and circulatory collapse don’t always persist after cessation of current flow

4. Recommendations

· Requires special skills and equipment that ensure passage of sufficient current through brain to induce unconsciousness and cardiac fibrillation in 1-step method (sheep, hogs), or cardiac fibrillation in unconscious animals in 2-step procedure

· Conditionally acceptable; disadvantages outweigh advantages in most situations

· Techniques that apply current from head to tail, head to foot, or head to moistened metal plates on which animal is standing are unacceptable

H. Microwave Irradiation

1. General Comments

· Used primarily by neurobiologists to fix brain metabolites in vivo while maintaining anatomic integrity of brain

· Used for euthanasia of laboratory mice and rats

· All microwave units direct microwave energy to animal’s head

· Power required to rapidly halt brain enzyme activity depends on unit efficiency, ability to tune resonant cavity, and rodent head size

· Considerable variation among instruments in time required for loss of consciousness and euthanasia.

2. Advantages

· Loss of consciousness achieved <100 ms, and death <1 second

· Most effective method to fix brain tissue in vivo for subsequent assay of enzymatically labile chemicals

3. Disadvantages

· Instruments expensive

· Only mice and rats can be euthanized with current commercial instruments

4. Recommendations

· Humane method for euthanatizing small laboratory rodents

· Only instruments designed for this use can be used

· Kitchen microwaves are absolutely unacceptable for euthanasia

I. Thoracic (Cardiopulmonary, Cardiac) Compression

1. General Comments - Used to euthanatize small- to medium-sized free ranging birds when alternatives are not practical

2. Advantages

· Rapid

· Apparently painless

· Maximizes carcass sue of analytical/contaminant studies

3. Disadvantages

· May be aesthetically unpleasant to onlookers

· Degree of distress is unknown

4.
Recommendations

· Physical technique for avian euthanasia that has applicability in the field when other methods cannot be used

· Proper training needed in use of this technique to avoid trauma to bird

· Cardiopulmonary compression not appropriate for laboratory settings, for large or diving birds, or for other species

J. Kill Traps

1. General Comments

· Used for collection and killing of small, free-ranging mammals for commercial and scientific purposes, to stop property damage, and to protect human safety

· Use of live traps followed by other methods of euthanasia preferred

· Individual testing recommended to be sure trap working properly

· Most humane available kill trap must be chosen as evaluated by use of International Organization for Standardization (ISO) testing procedures or by other referenced methods

· Trap placement, bait type, set location, selectivity apparatus, body placement modifying devices, trigger sensitivity, and trigger type, size, and conformation essential considerations that affect kill trap’s ability

2. Advantage – Free-ranging small mammals may be killed with minimal distress associated with handling and human contact.

3. Disadvantages

· Traps may not afford death within acceptable time periods

· Selectivity and efficiency is dependent on skill and proficiency of operator

4. Recommendations

· Kill traps do not always meet the panel’s criteria for euthanasia

· Can be practical and effective for scientific animal collection when used in a manner that ensures selectivity, a swift kill, no damage to body parts needed for field research, and minimal potential injury of nontarget species

· Traps need to be checked at least once daily; if animal found wounded or captured alive, it must be killed quickly and humanely

· Kill traps should be used only when other acceptable techniques impossible

· Traps for nocturnal species should not be used during day to avoid capture of diurnal species

· Trap manufacturers should try to minimize pain and suffering in target species

K. Adjunctive Methods – Stunning and pithing induce unconsciousness but do not ensure death and must be used only in conjunction with other procedures. Exsanguination

· Can be used to ensure death subsequent to stunning or in unconscious animals

· Must not be used as sole means of euthanasia as anxiety associated with extreme hypovolemia

· Can be used to obtain blood products, but animals must be sedated, stunned, or anesthetized

1. Stunning

· Done by blow to head, nonpenetrating captive bolt, or use of electric current

· Must be followed immediately by method to ensure death

· Evaluating unconsciousness difficult but usually associated with loss of menace response, pupillary dilatation, and loss of coordinated movements

Blow To Head - Stunning by blow to head used primarily in small laboratory animals with thin craniums

Nonpenetrating Captive Bolt
· Used to induce unconsciousness in ruminants, horses, and swine

· Signs of effective stunning by captive bolt – immediate collapse and several seconds of tetanic spasm followed by slow hind limb movements of increasing frequency

Electrical Stunning
· Alternating electrical current used for stunning dogs, cattle, sheep, goats, hogs, fish, chickens

· Need to direct current through brain to induce rapid loss of consciousness

· Apparatus that applies electrodes to opposite sides of head, or in another way directs current immediately through brain, is necessary to induce rapid unconsciousness

· Signs of effective electrical stunning – limb extension, opisthotonos, downward eyeball rotation, tonic spasm changing to clonic spasm with eventual muscle flaccidity

· Should be followed promptly by appropriate methods to ensure death

2. Pithing

· Used as adjunctive procedure to ensure death in animal rendered unconscious by other means

· For some species (frog) in which CNS access is easy, pithing may be sole means of euthanasia but anesthetic overdose is more suitable method

X. SPECIAL CONSIDERATIONS
A. Equine Euthanasia

· Pentobarbital or a pentobarbital combination is best choice via IV catheter

· In emergency situation, neuromuscular blocking agent can be given to quickly restrain a dangerous horse, but horse must be euthanatized with an appropriate technique as soon as the horse can be controlled

· Physical methods are considered conditionally acceptable but penetrating captive bolt is acceptable with proper restraint

B. Animals Intended For Human Or Animal Food

· Chemical agents that result in tissue residues CANNOT be used, unless approved by the US Food and Drug Administration (FDA).

· CO2 is only chemical currently used for euthanasia of food animals that does not result in tissue residues

· Physical techniques are commonly used for this reason

· Selection of proper euthanasia technique for free-ranging wildlife must consider possibility of carcass consumption of euthanatized animal by nontarget predatory or scavenger species

C. Euthanasia of Nonconventional Species: Zoo, Wild, Aquatic, and Ectothermic Animals

1.
General Comments

· Although guidelines limited, death must be induced painlessly and quickly as possible

· Means selected depend on species, size, safety aspects, location of animals, personnel experience

· Whether animal is wild, in captivity, or free-roaming are major concerns

· Anatomic differences must be considered (venous access, CNS access)

2.
Zoo animals

· Many means described previously are appropriate with additional precautions (handling, physical or chemical restraint) as needed

3. Wildlife

· For wild and feral animals, many recommended means of euthanasia for captive animals are not feasible

· In some field situations, only practical means of animal collection may be gunshot and kill trapping

· Firearm and ammunition should be appropriate for species and purpose

· Minimizing amount, degree, and cognition of human contact during procedures requiring handling is of utmost importance

· 2-stage euthanasia process involving general anesthesia, tranquilization, or analgesics, followed by IV pharmaceuticals preferred but often not practical

· Veterinarians must consider capture, transport, handling distress, and possible carcass consumption when involved with euthanatizing injured or live-trapped, free-ranging animals

· Alternatives to 2-stage euthanasia include squeeze cage with IP sodium pentobarbital injection, inhalant agents (CO2 or CO chamber), and gunshot

· When safety in question and fractious large animal is in close confinement, neuromuscular blocking agents may be used immediately prior to use of acceptable euthanasia method

· Succinylcholine is not acceptable as restraint method for use in free-ranging wildlife as animals may not be retrieved rapidly enough before onset of respiratory distress or arrest

4. Diseased, Injured, or Live-Captured Wildlife or Feral Species

· Certain cases of wildlife injury (hit by car) may require immediate action, and pain and suffering may be best relieved most rapidly by physical methods

5. Birds

· Many techniques discussed in this report suitable for euthanasia of captive birds used to human contact

· Free-ranging birds may be collected by variety of methods (nets, live traps, shotgun) with subsequent euthanasia

· Wounded birds should be killed quickly by appropriate techniques

· Large birds should be anesthetized via general anesthetics before euthanasia

6. Amphibians, Fish, and Reptiles – Must take into account differences in metabolism, respiration, and tolerance to cerebral hypoxia as well as difficulty in ascertaining death in ectothermic animals

Injectable Agents
· Sodium pentobarbital can be given IV, intraabdominally, or intrapleuroperitoneally in most ectothermic animals

· SC lymph spaces may be used in frogs and toads

· Time to effect variable (up to 30 minutes)

· Barbiturates other than pentobarbital can cause pain on injection

Clove Oil – Use is not acceptable in fish

External Or Topical Agents
· Tricaine methane sulfonate (TMS, MS-222) may be administered by various routes for euthanasia in fish and amphibians but is expensive

· Benzocaine hydrochloride may be used as bath or in recirculation system for euthanasia of fish and amphibians

· Anesthetic agent 2-phenoxyethanol can be used for euthanasia of fish

Inhalant Agents
· Many reptile and amphibians capable of breath holding and converting to anaerobic metabolism, thus surviving long periods of anoxia

· Anesthetic induction and time to unconsciousness may therefore be prolonged

· Lizards, snakes, and fish do not hold their breath to the same extent so inhalant agents can be used for euthanasia

Carbon Dioxide
· Amphibians, reptiles, and fish may be euthanatized with CO2
· Unconsciousness occurs rapidly but exposure time for euthanasia is prolonged

· More effective in active species or those with less tendency to hold breath

Physical Methods
· Recommendation locations for captive bolt or firearm penetration can be used in various amphibians and reptiles

· Crocodilians, other large reptiles can be shot through brain

· Decapitation with heavy shears or guillotine effective in some species

· Decapitation must be followed by pithing as CNS of these species is tolerant to hypoxic and hypotensive conditions

Two-Stage Euthanasia Procedures
· Propofol and ultrashort-acting barbiturates may be used to produce rapid anesthesia prior to final administration of euthanasia

· In zoos and clinical settings, neuromuscular blocking agents acceptable for reptile restraint if given immediately before euthanasia agent administration

· Most amphibians, fishes, and reptiles can be euthanized by cranial concussion (stunning) followed by decapitation, pithing, or other physical method

· Severing spinal cord behind head by pithing effective in some ectotherms

· Death may not be immediate unless both brain and spinal cord are pithed

· Pithing requires dexterity and skill and should be done only by those trained

Cooling

· No evidence that whole body cooling in ectothermic species reduces pain or is clinically efficacious

· Reptile immobilization by cooling is considered inappropriate and inhumane even if combined with other physical or chemical euthanasia methods

· Freezing not recommended unless animal deeply anesthetized as formation of ice crystals on skin and in tissues of animal may cause pain or distress

7. Marine Mammals

· Barbiturates, potent opioids (carfentanil, etorphine hydrochloride [M99]) agents of choice

· Accurately placed gunshot may be conditionally acceptable for some species and sizes of stranded marine animals

· If no other options are available, stranded whales, other large cetaceans, or pinnipeds may be given succinylcholine chloride in conjunction with potassium chloride IV or IP as this may be more humane than allowing animal to suffocate

D. Euthanasia of Animals Raised For Fur Production

1.
Carbon Monoxide

· Adequate euthanasia method for smaller species

2.
Carbon Dioxide

· Good method for smaller species

3.
Barbiturates

· Overdose is acceptable euthanasia method for many species

· Given IP but death should be confirmed following injection

· Skinned carcasses cannot be used for animal food

4.
Electrocution

· Used for killing foxes and mink

· Current must pass through brain to induce unconsciousness before passing through rest of body

· Electrical stunning should be followed by some other euthanasia technique

E. Prenatal and Neonatal Euthanasia

· When hysterectomies done, euthanasia of feti done ASAP after removal from dam

· Neonatal animals are relatively resistant to hypoxia

F. Mass Euthanasia

· Under unusual conditions (disease eradication, natural disasters), euthanasia options may be limited

· In these situations, most appropriate technique that minimizes human and animal health concerns must be used

XI. POSTFACE
· Report summarizes current scientific knowledge on animal euthanasia and emphasizes lack of scientific reports assessing pain, discomfort, distress in animals being euthanatized

· Panel endorses need for well-designed experiments to more fully determine the extent to which each procedure meets the criteria used for judging euthanasia methods

· Use of professional judgement imperative, as each means of euthanasia has advantages/disadvantages and situations in which animals are to be euthanized vary

· May be circumstances in which other means not in this report may be acceptable

1. For research animals, attending veterinarian and IACUC should carefully consider these exceptions

2. In other settings, professional judgement should be used

· Panel discourages use of unapproved euthanasia products, unless product has clearly understood mechanism of action and pharmacokinetics, and published studies that scientifically verify and justify its use

· In the absence of definitive proof or reasonable expectation, the best interest of the animal should guide the decision process

· Whenever it becomes necessary to kill any animal for any reason, death should be induced as painlessly and quickly as possible

Appendix 1 – Agents and methods of euthanasia by species

· Only agent/method stated as acceptable for all listed species are barbiturates

· Inhalant anesthetics acceptable for all listed species EXCEPT horses, marine mammals, nonhuman primates, ruminants, swine; inhalant anesthetics conditionally acceptable only for nonhuman primates, swine

Appendix 2 – Acceptable agents and methods of euthanasia

Appendix 3- Conditionally acceptable agents and methods of euthanasia

Appendix 4 – Some unacceptable agents and methods of euthanasia

· Unacceptable agents/methods that can be used ONLY if done in anesthetized animals - air embolism, exsanguination, rapid freezing

· Stunning not euthanasia method EXCEPT for neonatal animals with thin craniums; if used, must be immediately followed by method ensuring death

· Drowning, direct immersion in formalin, rapid freezing as sole means of euthanasia considered inhumane

QUESTIONS

1. According to the 2000 Report of the AVMA Panel on Euthanasia, what is the recommended order of preference for the following acceptable inhalational agents to be used for euthanasia of small animals (< 7 kg): ether, halothane, methoxyflurane, isoflurane, sevoflurane, desflurane, enflurane, nitrous oxide?

2. According to the 2000 Report of the AVMA Panel on Euthanasia, which of the following inhalational agents should not be used alone for euthanasia?

a. Halothane

b. Methoxyflurane

c. Enflurane

d. Nitrous Oxide

e. Sevoflurane

3.
According to the 2000 Report of the AVMA Panel of Euthanasia, which of the following inhalant anesthetics is a conditionally acceptable agent for euthanasia in rodents?

a. Halothane

b. Enflurane

c. Isoflurane

d. Methoxyflurane

e. Desflurane

4.
According to the 2000 Report of the AVMA Panel of Euthanasia, which of the following methods of administering nonirritating injectable euthanasia agents is considered acceptable in an awake animal?

a. Intramuscular

b. Subcutaneous

c. Intracardiac

d. Intrathecal

e. Intraperitoneal

5.
According to the 2000 Report of the AVMA Panel on Euthanasia, because the central nervous system of reptiles, fish, and amphibians is tolerant to hypoxic and hypotensive conditions, what should follow decapitation?

a. Pithing

b. Freezing the head at –40oC

c. Cooling the body to 4oC

d. Pass electric current through the body

e. Pass electric current through the head

6.
According to the 2000 Report of the AVMA Panel on Euthanasia, with an animal in the chamber, an optimal flow rate for carbon dioxide should displace at least what percentage of the chamber volume per minute?

a. 10%

b. 20%

c. 30%

d. 40%

e. 50%

7.
According to the 2000 Report of the AVMA Panel on Euthanasia, which of the following physical methods is acceptable in rats?

a. Cervical dislocation

b. Decapitation

c. Microwave irradiation

d. Thoracic (cardiopulmonary, cardiac) compression

e. Stunning

8.
According to the 2000 Report of the AVMA Panel on Euthanasia, which of the following euthanasia methods is conditionally acceptable in rodents?

a. Barbiturates

b. Ether

c. Carbon dioxide

d. Microwave irradiation

e. Chloral hydrate

9.
According to the 2000 Report of the AVMA Panel on Euthanasia, which of the following is the only chemical currently used for euthanasia of food animals that DOES NOT result in tissue residues?

a. Carbon monoxide

b. Tricaine methane sulfonate

c. Carbon dioxide

d. Chloral hydrate

e. Succinylcholine

10. Match the euthanasia methods listed below on the left to the appropriate classification on the right if these methods were to be used in rodents? Nonhuman primates? Cats?

a. Argon



i.
Acceptable Method

b. Carbon dioxide


ii.
Conditionally Acceptable Method

c. Barbiturates


iii.
Unacceptable Method

d. Exsanguination


iv.
Adjunctive Method

e. Carbon monoxide

11. Which of the following endogenous chemical substances are capable of generating nerve impulses in nociceptor nerve fibers?

a. ATP

b. Serotonin

c. Hydrogen ions

d. All of the above

e. None of the above

12. Pain is divided into what two broad categories?

a. Sensory-discriminative and motivational-discriminative

b. Sensory-discriminative and motivational-affective

c. Sensory-affective and motivational-affective

d. Sensory-affective and motivational-discriminative

13. For pain to be experienced, which of the following brain structures must be functional?

a. Brainstem and cerebral cortex

b. Hippocampus and brainstem

c. Cerebral cortex and subcortical structures

d. Cerebellum and hippocampus

e. Subcortical structures and brainstem

14. Stress and the resulting responses have been divided into 3 phases.  What are these 3 phases?

15. Which of the following definitions describes conditionally acceptable methods of euthanasia?

a. Methods that cannot be used as the sole method of euthanasia, but that can be used in conjunction with other methods to produce a humane death.

b. Methods deemed inhumane under any conditions or pose a substantial risk to the human operator.

c. Methods that consistently produce a humane death when used as the sole means of euthanasia.

d. Methods that might not consistently produce humane death or are not well documented in the scientific literature.

16. Euthanatizing agents cause death by what 3 basic mechanisms?

17. The panel recommends that inhalant agents not be used alone in animals less than what age except to induce loss of consciousness, followed by the use of some other method to kill the animal?

a. 8 weeks old

b. 12 weeks old

c. 16 weeks old

d. 20 weeks old

e. 6 months old

18. Regarding human exposure to inhalant anesthetics, the concentrations of halothane, enflurane, and isoflurane should be less than?

a. 1 ppm

b. 2 ppm

c. 10 ppm

d. 25 ppm

e. 100 ppm

19. According to the 2000 Report of the AVMA Panel on Euthanasia, what is the only acceptable source of carbon dioxide for euthanasia purposes?

20. What substance does carbon monoxide form when it combines with hemoglobin?

a. Methemoglobin

b. PEG-hemoglobin

c. Carboxyhemoglobin

d. Ferrohemoglobin

e. Deoxyhemoglobin

21. According to the 2000 Report of the AVMA Panel on Euthanasia, what is the most rapid and reliable method of performing euthanasia?

a. Inhalant agents

b. Injectable agents

c. Physical methods

d. Adjunctive methods

22. According to the 2000 Report of the AVMA Panel on Euthanasia, which of the following agents or methods is stated as acceptable for all species listed within the report?

a. Inhalant anesthetics

b. Barbiturates

c. Carbon dioxide

d. Carbon monoxide

e. Potassium chloride in conjunction with general anesthesia

23.
According to the 2000 Report of the AVMA Panel on Euthanasia, what three things are recommended for the use of cervical dislocation or decapitation as a method of euthanasia?

24.
Is euthanasia by electrocution in most species a one-step or a two-step procedure?

25. Give some examples of adjunctive methods.

26. Match the gas cylinder/tank color with the appropriate medical gas.

a.
Green



i.
Nitrogen

b.
Blue



ii.
Air

c.
Yellow



iii.
Oxygen

d.
Black



iv.
Nitrous oxide

e.
Gray



v.
Helium

f.
Brown



vi.
Carbon dioxide

ANSWERS

1. In order of preference, halothane, enflurane, isoflurane, sevoflurane, methoxyflurane, and desflurane (HE IS MD), with or without nitrous oxide, are acceptable for euthanasia of small animals (<7 kg).  Although acceptable, these agents are generally not used in larger animals because of their cost and difficulty of administration.

2. d.  Nitrous oxide

3. d.  Methoxyflurane

4. e.  Intraperitoneal

5. a.  Pithing

6. b.  20%

7. c.  Microwave

8. b.  Ether.  a, c, d are acceptable in rodents and e is unacceptable in small mammals

9. c.  Carbon Dioxide

10. Rodents:


A. ii, B. i, C. i, D. iii, iv, E. i

Nonhuman Primates:
A. ii, B. ii, C. i, D. iii, iv, E. ii

Cats:


A. ii, B. i, C. i, D. iii, iv, E. i

Note: Exsanguination is unacceptable as the sole method of euthanasia but can be used in conjunction with other methods to produce a humane death (adjunctive method)

11. d.  All of the above.  Also, potassium ions, histamine, bradykinin, prostaglandins

12. b. Sensory-discriminative and motivational-affective

13. c. Cerebral cortex and subcortical structures

14. Eustress, neutral stress, distress.  Eustress results when harmless stimuli initiate adaptive responses that are beneficial to the animal.  Neutral stress results when the animal’s response to stimuli causes neither harmful nor beneficial effects to the animal.  Distress results when an animal’s response to stimuli interferes with its well-being and comfort.

15. d.  Methods that might not consistently produce humane death or are not well documented in the scientific literature.  A. adjunctive b. Unacceptable c. Acceptable

16. Hypoxia, direct or indirect; direct depression of neurons necessary for life function; physical disruption of brain activity and destruction of neurons necessary for life

17. c.  16 weeks old

18. b.  2 ppm.  FYI for nitrous oxide, human exposure should be less than 25 ppm.

19. Compressed carbon dioxide in cylinders is the only 2000 AVMA Panel recommended source of carbon dioxide.  The previous panel (1993) allowed the use of dry ice as a source of a carbon dioxide.

20. c.  Carboxyhemoglobin

21. b.  Injectable agents

22. b.  Barbiturates

23. These techniques should be used only when (1) scientifically justified by the user or required by the experimental design and (2) approved by the IACUC.  Those responsible for the use of these techniques must ensure that (3) personnel have been properly trained to perform these techniques.

24. Two-step procedure.  First step – animal rendered unconscious by various means, including electrical stunning.  Second step – electrocution induces death by cardiac fibrillation in unconscious animal

25. Exsanguination, nonpenetrating captive bolt, electrical stunning, pithing when anatomic features do not allow direct and easy access to CNS

26. a.  iii (green – oxygen), b.  iv (blue – nitrous oxide), c.  ii (yellow – air), d.  i (black – nitrogen), e.  vi (gray – carbon dioxide), f.  v (brown – helium)
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