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Caution - The AVMA Guidelines on Euthanasia (formerly the 2000 Report of the AVMA Panel on Euthanasia)
have been widelymisinterpreted.Please note the following:
�x The guidelinesare in no way intended to be used for human lethal injection.
�x The application of a barbiturate, paralyzing agent, and potassium chloride delivered in separate syringes or

stages (the common methodused for human lethal injection) is not cited in the report.
�x The report never mentions pancuronium bromide or Pavulon, the paralyzing agent used in human lethal

injection.
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PREFACE 
At the request of the American Veterinary Medical 

Association’s (AVMA) Council on Research, the 
Executive Board of the AVMA convened a Panel on 
Euthanasia in 1999 to review and make necessary revi
sions to the fifth Panel Report, published in 1993.1 

The Report of the 2000 AVMA Panel on Euthanasia 
was published in the Journal of the American 
Veterinary Medical Association.216 In that version of 
the report, the panel updated information on 
euthanasia of animals in research and animal care and 
control facilities; expanded information on ectothermic, 
aquatic, and fur-bearing animals; added information 



of other (non-nociceptive) peripheral and central 
neurons can give rise to pain. The term nociceptive is 
derived from the word noci meaning to injure and cep
tive meaning to receive, and is used to describe neuronal 
input caused by noxious stimuli, which threaten to, or 
actually do, destroy tissue. These noxious stimuli 
initiate nerve impulses by acting 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 such 
as hydrogen ions, potassium ions, ATP, serotonin, 
histamine, bradykinin, and prostaglandins, as well as 
electrical currents, are capable of generating nerve 
impulses in nociceptor nerve fibers. Activity in 
nociceptive pathways can also be triggered in normal
ly silent receptors that become sensitized by chronic 
pain conditions.3,4 

Nerve impulse activity generated by nociceptors is 
conducted via nociceptor primary afferent fibers to the 
spinal cord or the brainstem where it is transmitted to 
two general sets of neural networks. One set is 
related to nociceptive reflexes (eg, withdrawal and 
flexion reflexes) that are mediated at the spinal level, and 
the second set consists of ascending pathways to the 
reticular formation, hypothalamus, thalamus, and 
cerebral cortex (somatosensory cortex and limbic system) 
for sensory processing. It is important to understand that 
ascending nociceptive pathways are numerous, often 
redundant, and are capable of considerable plasticity 
under chronic conditions (pathology or injury). 
Moreover, even the transmission of nociceptive neural 
activity in a given pathway is highly variable. Under 
certain conditions, both the nociceptive reflexes and 
the ascending pathways may be suppressed, as, for 
example, in epidural anesthesia. Under another set of 
conditions, nociceptive reflex actions may occur, but 





recognized the need for those responsible for the 
euthanasia of animals to be cognizant of these issues, it 
did not believe that its report was the appropriate 
forum for an in-depth discussion of this topic. 

It is the intent of AVMA that euthanasia be per
formed in accordance with applicable federal, state, and 
local laws governing drug acquisition and storage, occu
pational safety, and methods used for euthanasia and 
disposal of animals. However, space does not permit a 
review of current federal, state, and local regulations. 

The panel was aware that circumstances may arise 
that are not clearly covered by its report. Whenever such 
situations arise, a veterinarian experienced with the 
species should use professional judgment and 
knowledge of clinically acceptable techniques in select
ing an appropriate euthanasia technique. Professional 
judgment in these circumstances will take into consid
eration the animal’s size and its species-specific physi
ologic and behavioral characteristics. In all circum



is particularly likely if an owner feels responsible for 
allowing an animal’s medical or behavioral problem to 
go unattended so that euthanasia becomes necessary. 
When owners choose to be present during euthanasia, 
they should be prepared for what will happen. What 
drugs are being used and how the animal could 
respond should be discussed. Behaviors such as vocal
ization, muscle twitches, failure of the eyelids to close, 
urination, or defecation can be distressing. Counseling 
services for grieving owners are now available in some 
communities39 and telephone counseling is available 





At deep anesthetic planes, animals may seizure. It is an 
effective agent for euthanasia, but the associated seizure 
activity may be disturbing to personnel. Isoflurane is 
less soluble than halothane, and it should induce 
anesthesia more rapidly. However, it has a slightly 
pungent odor and animals often hold their breath, 
delaying onset of loss of consciousness. Isoflurane 
also may require more drug to kill an animal, compared 
with halothane. Although isoflurane is acceptable as a 
euthanasia agent, halothane is preferred. Sevoflurane is 
less soluble than halothane and does not have an 
objectionable odor. It is less potent than isoflurane or 
halothane and has a lower vapor pressure. Anesthetic 
concentrations can be achieved and maintained rapidly. 
Desflurane is currently the least soluble potent inhalant 
anesthetic, but the vapor is quite pungent, which may 
slow induction. This drug is so volatile that it could 
displace oxygen (O2) and induce hypoxemia during 
induction if supplemental O2 is not provided. 



Leake and Waters56 reported the experimental use of 
CO2 as an anesthetic agent for dogs. At concentrations 
of 30% to 40% CO2 in O2, anesthesia was induced within 
1 to 2 minutes, usually without struggling, retching, or 
vomiting. For cats, inhalation of 60% CO2 results in loss 
of consciousness within 45 seconds, and respiratory 
arrest within 5 minutes.59 Signs of effective CO2 

anesthesia are those associated with deep surgical 
anesthesia, such as loss of withdrawal and palpebral 
reflexes.60 Time to loss of consciousness is decreased by 
use of higher concentrations of CO2 with an 80 to 
100% concentration providing anesthesia in 12 to 33 
seconds in rats and 70% CO2 in O2 inducing anesthesia 
in 40 to 50 seconds.61,62 Time to loss of consciousness 
will be longer if the concentration is increased slowly 
rather than immersing the animal in the full 
concentration immediately. 

Several investigators have suggested that inhalation 
of high concentrations of CO2 may be distressing to 
animals,63-66 because the gas dissolves in moisture on the 
nasal mucosa. The resulting product, carbonic acid, may 
stimulate nociceptors in the nasal mucosa. Some 
humans exposed to concentrations of around 50% CO2 

report that inhaling the gas is unpleasant and that higher 
concentrations are noxious.67,68 A brief study of swine 
examined the aversive nature of CO2 exposure69 and 
found that 90% CO2 was aversive to pigs while 30% 



maintained for at least 1 minute after apparent clinical 
death.86 It is important to verify that an animal is dead 



combustion engines, and (3) commercially compressed 
CO in cylinders. The first 2 techniques are associated 
with problems such as production of other gases, 
achieving inadequate concentrations of carbon monox
ide, inadequate cooling of the gas, and maintenance of 
equipment. Therefore, the only acceptable source is 
compressed CO in cylinders. 

In a study by Ramsey and Eilmann,94 8% CO 
caused guinea pigs to collapse in 40 seconds to 2 min
utes, and death occurred within 6 minutes. Carbon 
monoxide has been used to euthanatize mink80,90 and 
chinchillas. These animals collapsed in 1 minute, 
breathing ceased in 2 minutes, and the heart stopped 
beating in 5 to 7 minutes. 

In a study evaluating the physiologic and behavioral 
characteristics of dogs exposed to 6% CO in air, 
Chalifoux and Dallaire95 could not determine the precise 
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preceded by gasping, muscle spasms, and vocalization.
Recommendations—Chloral hydrate isconditional-

ly acceptable for euthanasia of large animals only when
administered intravenously, and only after sedation to
decrease the aforementioned undesirable side effects.
Chloral hydrate is not acceptable for dogs,cats, and
other small animals because the side effects may be
severe, reactions can be aesthetically objectionable,
and other products are better choices.

T-61
T-61 is an injectable, nonbarbiturate, non-narcotic

mixture of 3 drugs used for euthanasia. These drugs
provide a combination of general anesthetic, curari-
form, and local anesthetic actions. T-61 has been with-
drawn from the market and is no longer manufactured
or commercially available in the United States. It is
available in Canada and other countries. T-61 should
be used only intravenously and at carefully monitored
rates of injection, because there is some question as to
the differential absorption and onset of action of the
active ingredients when administered by other routes.1

TRICAINE METHANE SULFONATE (MS 222,TMS)
MS 222 is commercially available as tricaine

methane sulfonate (TMS), which can be used for the
euthanasia of amphibians and fish. Tricaine is a
benzoic acid derivative and, in water of low alkalinity
(< 50 mg/L as CaCO3); the solution should be
buffered with sodium bicarbonate.104 A 10 g/L stock
solution can be made, and sodium bicarbonate added
to saturation, resulting in a pH between 7.0 and 7.5
for the solution. The stock solution should be stored
in a dark brown bottle, and refrigerated or frozen if
possible. The solution should be replaced monthly
and any time a brown color is observed.105 For
euthanasia, a concentration�• 250 mg/L is
recommended and fish should be left in this solution
for at least 10 minutes following cessation of
opercular movement.104 In the United States, there is
a 21-day withdrawal time for MS 222; therefore, it is
not appropriate for euthanasia of animals intended for
food.

POTASSIUM CHLORIDE IN CONJUNCTION WITH PR IOR

GENERAL ANESTHESIA

Although unacceptable and condemned when
used in unanaesthetized animals, the use of a supersat-
urated solution of potassium chloride injected intra-
venously or intracardially in an animal under general
anesthesia is an acceptable method to produce cardiac

arrest and death. The potassium ion is cardiotoxic, and
rapid intravenous or intracardiac administration of 1 to2
mmol/kg of body weight will cause cardiac arrest.
This is a preferred injectable technique for euthanasia
of livestock or wildlife species to reduce the risk of tox-
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instantaneous manner are commercially available. 
Guillotines are not commercially available for 

neonatal rodents, but sharp blades can be used for this 
purpose. 

Advantages—(1) Decapitation is a technique that 
appears to induce rapid loss of consciousness.127-129 (2) 
It does not chemically contaminate tissues. (3) It is 
rapidly accomplished. 

http:procedure.25




M ACERATION 

Maceration, via use of a specially designed 
mechanical apparatus having rotating blades or 
projections, causes immediate fragmentation and death 
of day-old poultry and embryonated eggs. A review217 

of the use of commercially available macerators for 
euthanasia of chicks, poults, and pipped eggs indicates 
that death by maceration in day-old poultry occurs 
immediately with minimal pain and distress. Maceration 
is an alternative to the use of carbon dioxide for 
euthanasia of day-old poultry. Maceration is believed to 
be equivalent to cervical dislocation and cranial 
compression as to time element, and is considered to be 
an acceptable means of euthanasia for newly hatched 
poultry by the Federation of Animal Science 
Societies,220 Agriculture Canada,221 World Organization 
for Animal Health (OIE),222 and European Union.223 

Advantages—(1) Death is almost instantaneous. (2) 
The method is safe for workers. (3) Large numbers of 
animals can be killed quickly. 

Disadvantages—(1) Special equipment is required. 
(2) Macerated tissues may present biosecurity risks. 

Recommendations—Maceration requires special 
equipment that must be kept in excellent working order. 
Chicks must be delivered to the macerator in a way and 
at a rate that prevents a backlog of chicks at the point of 
entry into the macerator and without causing injury, 
suffocation, or avoidable distress to the chicks before 
maceration. 

ADJUNCTIVE METHODS 
Stunning and pithing, when properly done, induce

loss of consciousness but do not ensure death. 
Therefore, these methods must be used only in con
junction with other procedures,123 such as pharmaco
logic agents, exsanguination, or decapitation to eutha
natize the animal. 

Exsanguination 
Exsanguination can be used to ensure death sub

sequent to stunning, or in otherwise unconscious ani
mals. Because anxiety is associated with extreme hypo
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as frogs, with anatomic features that facilitate easy access 
to the central nervous system, pithing may be used as a 
sole means of euthanasia, but an anesthetic overdose is a 
more suitable method. 

SPECIAL CONSIDERATIONS 

EQUINE EUTHANASIA 

Pentobarbital or a pentobarbital combination is 
the best choice for equine euthanasia. Because a large 
volume of solution must be injected, use of an intra
venous catheter placed in the jugular vein will facilitate 
the procedure. To facilitate catheterization of an 
excitable or fractious animal, a tranquilizer such as 
acepromazine, or an alpha-2 adrenergic agonist can be 
administered, but these drugs may prolong time to 
loss of consciousness because of their effect on 
circulation and may result in varying degrees of 
muscular activity and agonal gasping. Opioid agonists 
or agonist/antagonists in conjunction with alpha-2 
adrenergic agonists may further facilitate restraint. 

In certain emergency circumstances, such as 
euthanasia of a horse with a serious injury at a race
track, it may be difficult to restrain a dangerous horse 
or other large animal for intravenous injection. The 
animal might cause injury to itself or to bystanders 
before a sedative could take effect. In such cases, the 
animal can be given a neuromuscular blocking agent 
such as succinylcholine, but the animal must be eutha
natized with an appropriate technique as soon as the 
animal can be controlled. Succinylcholine alone or 
without sufficient anesthetic must not be used for 
euthanasia. 

Physical methods, including gunshot, are consid
ered conditionally acceptable techniques for equine 
euthanasia. The penetrating captive bolt is acceptable 
with appropriate restraint. 

ANIMALS INTENDED FOR HUMAN OR ANIMAL FOOD 

In euthanasia of animals intended for human or ani
mal food, chemical agents that result in tissue residues 



Wildlife 
For wild and feral animals, many recommended 

means of euthanasia for captive animals are not feasi
ble. The panel recognized there are situations involving 
free-ranging wildlife when euthanasia is not possible 
from the animal or human safety standpoint, and 
killing may be necessary. Conditions found in the field, 
although more challenging than those that are con
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gunshot or penetrating captive bolt followed by
exsanguination.

Birds
Many techniques discussed previously inthese

guidelinesare suitable for euthanasia of captive birds
accustomed to human contact. Free-ranging birds may
be collected by a number of methods, including nets
and live traps, with subsequent euthanasia. For collec-
tion by firearm, shotguns are recommended. The bird
should be killed outright by use of ammunition loads
appropriate for the species to be collected. Wounded
birds should be killed quickly by appropriate techniques
previously described. Large birds should beanesthetized
prior to euthanasia, using general anesthetics.

Amphibians, Fish, and Reptiles
Euthanasia of ectothermic animals must take into



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

Severing the spinal cord behind the head by 
pithing is an effective method of killing some 
ectotherms. Death may not be immediate unless both 
the brain and spinal cord are pithed. For these animals, 
pithing of the spinal cord should be followed by decap
itation and pithing of the brain or by another appropriate 
procedure. Pithing requires dexterity and skill and 
should only be done by trained personnel. The pithing 
site in frogs is the foramen magnum, and it is identified 
by a slight midline skin depression posterior to the eyes 
with the neck flexed.187 

Cooling—It has been suggested that, when using 
physical methods of euthanasia in ectothermic species, 
cooling to 4 C will decrease metabolism and facilitate 
handling, but there is nl111(m)7(a)-2(ls)4()4(m )-18s i, 



Use of a nose-to-tail or nose-to-foot method135 alone 
may kill the animal by inducing cardiac fibrillation, but 
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Species Acceptable* 
(refer to Appendix 2 and text for details) 

Conditionally acceptable† 
(refer to Appendix 3 and text for details) 

Rodents and other small mammals Barbiturates, inhalant anesthetics, CO2, CO, potassium chloride in conjunction 
with general anesthesia, microwave irradiation 

Methoxyflurane, ether, N2, Ar, cervical dislocation (rats < 
200 g), decapitation 

Ruminants Barbiturates, potassium chloride in conjunction with general anesthesia, 
penetrating captive bolt 

Chloral hydrate (IV, after sedation), gunshot, 
electrocution 

Swine Barbiturates, CO2, potassium chloride in conjunction with general anesthesia, 
penetrating captive bolt 

Inhalant anesthetics, CO, chloral hydrate (IV, after 
sedation), gunshot, electrocution, blow to the head (< 3 
weeks of age) 

Zoo animals Barbiturates, inhalant anesthetics, CO2, CO, potassium chloride in conjunction 
with general anesthesia 

N2, Ar, penetrating captive bolt, gunshot 

Free-ranging wildlife Barbiturates IV or IP, inhalant anesthetics, potassium chloride in conjunction 
with general anesthesia 

CO2, CO, N2, Ar, penetrating captive bolt, gunshot, kill 
traps (scientifically tested) 

* 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. 

AVMA Guidelines on Euthanasia�
(Formerly the Report of the AVMA Panel on Euthanasia)�

29 



_______________________________________________________________________________________________________________________________________________ 

Appendix 2—Acceptable agents and methods of euthanasia 
Acceptable agents and methods of euthanasia—characteristics and modes of action (refer to text for details) 

Agent Classification Mode of action Rapidity Ease of 
performance 

Safety for 
personnel 

Species suitability Efficacy and 
comments 

Barbiturates Hypoxia 
attributable to 
depression of vital 
centers 

Direct depression 
of cerebral cortex, 
subcortical 
structures, and vital 
centers; direct 
depression of heart 
muscle 

Rapid onset of 
anesthesia 

Animal must be 
restrained; 
personnel must be 
skilled to perform 
IV injection 

Safe except human 
abuse potential; 
DEA-controlled 
substance 

Most species Highly effective 
when appropriately 
administered; 
acceptable IP in 
small animals and 
IV 

Benzocaine 
hydrochloride 

Hypoxia 
attributable to 
depression of vital 
centers 

Depression of CNS Very rapid, 
depending on dose 

Easily used Safe Fish, amphibians Effective but 
expensive 

Carbon dioxide 
(bottled gas only) 

Hypoxia 
attributable to 
depression of vital 
centers 

Direct depression 
of cerebral cortex, 
subcortical 
structures, and vital 
centers; direct 
depression of heart 
muscle 

Moderately rapid Used in closed 
container 

Minimal hazard Small laboratory 
animals, birds, cats, 
small dogs, rabbits, 
mink (high 
concentrations 
required), zoo 
animals, 
amphibians, fish, 
some reptiles, 
swine 

Effective, but time 
required may be 
prolonged in 
immature and 
neonatal animals 

Carbon monoxide 
(bottled gas only) 

Hypoxia Combines with 
hemoglobin, 
preventing its 
combination with 
oxygen 

Moderate onset 
time, but insidious 
so animal is 
unaware of onset 

Requires 
appropriately 
maintained 
equipment 

Extremely 
hazardous, toxic, 
and difficult to 
detect 

Most small species 
including dogs, 
cats, rodents, mink, 
chinchillas, birds, 
reptiles, 
amphibians, zoo 
animals, rabbits 

Effective; 
acceptable only 
when equipment is 
properly designed 
and operated 

Continued on next page 
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Agent Classification Mode of action Rapidity Ease of 
performance 

Safety for 
personnel 

Species suitability Efficacy and 
comments 

Inhalant anesthetics Hypoxia 
attributable to 
depression of vital 
centers 

Direct depression 
of cerebral cortex, 
subcortical 
structures, and vital 
centers 

Moderately rapid 
onset of anesthesia, 
excitation may 
develop during 
induction 

Easily performed 
with closed 
container; can be 
administered to 
large animals by 
means of a mask 

Must be properly 
scavenged or 
vented to minimize 
exposure to 
personnel 

Some amphibians, 
birds, cats, dogs, 
furbearing animals, 
rabbits, some 
reptiles, rodents 
and other small 
mammals, zoo 
animals, fish, free-
ranging wildlife 

Highly effective 
provided that 
subject is 
sufficiently 
exposed; either is 
conduror 
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Appendix 3—Conditionally acceptable agents and methods of euthanasia 
Conditionally acceptable agents and methods of euthanasia—characteristics and modes of action (refer to text for details) 

Agent Classification Mode of action Rapidity Ease of 
performance 

Safety for 
personnel 

Species suitability Efficacy and 
comments 

Blow to the head Physical damage to 
brain 

Direct concussion 
of brain tissue 

Rapid Requires skill, 
adequate restraint, 
and appropriate 
force 

Safe Young pigs <3 
weeks old 

Must be properly 
applied to be 
humane and 
effective 

Carbon dioxide 
(bottled gas only) 

Hypoxia due to 
depression of vital 
centers 

Direct depression 
of cerebral cortex, 
subcortical 
structures and vital 
centers; direct 
depression of heart 
muscle 

Moderately rapid Used in closed 
container 

Minimal hazard Nonhuman 
primates, free-
ranging wildlife 

Effective, but time 
required may be 
prolonged in 
immature and 
neonatal animals 

Carbon monoxide 
(bottled gas only) 

Hypoxia Combines with 
hemoglobin, 
preventing its 
combination with 
oxygen 

Moderate onset 
time, but insidious 
so animal is 
unaware of onset 

Requires 
appropriately 
maintained 
equipment 

Extremely 
hazardous, toxic, 
and difficult to 
detect 

Nonhuman 
primates, free-
ranging wildlife 

Effective; 
acceptable only 
when equipment is 
properly designed 
and operated 

Cervical dislocation Hypoxia due to 
disruption of vital 
centers 

Direct depression 
of brain 

Moderately rapid Requires training 
and skill 

Safe Poultry, birds, 
laboratory mice, 
rats (< 200 g), 
rabbits (< 1 kg) 

Irreversible; violent 
muscle contractions 
can occur after 
cervical dislocation 

Chloral hydrate Hypoxia from 
depression of 
respiratory center 

Direct depression 
of brain 

Rapid Personnel must be 
skilled to perform 
IV injection 

Safe Horses, ruminants, 
swine 

Animals should be 
sedated prior to 
administration 
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Agent Classification Mode of action Rapidity Ease of 
performance 

Safety for 
personnel 

Species suitability Efficacy and 
comments 

Decapitation Hypoxia due to 
disruption of vital 
centers 

Direct depression 
of brain 

Rapid Requires training 
and skill 

Guillotine poses 
potential employee 
injury hazard 

Laboratory rodents; 
small rabbits; birds; 
some fish, 
amphibians, and 
reptiles (latter 3 
with pithing) 

Irreversible; violent 
muscle contraction 
can occur after 
decapitation 

Electrocution Hypoxia Direct depression 
of brain and cardiac 
fibrillation 

Can be rapid Not easily 
performed in all 
instances 

Hazardous to 
personnel 

Used primarily in 
sheep, swine, foxes, 
mink (with cervical 
dislocation), 
ruminants, animals 
> 5 kg 

Violent muscle 
contractions occur 
at same time as loss 
of consciousness 

Gunshot Hypoxia due to 
disruption of vital 
centers 

Direct concussion 
of brain tissue 

Rapid Requires skill and 
appropriate firearm 

May be dangerous 
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Appendix 4—Some unacceptable agents and methods of euthanasia 
Some unacceptable agents and methods of euthanasia (refer to text for details) 

Agent or method Comments 

Air embolism Air embolism may be accompanied by convulsions, opisthotonos, and vocalization. If used, it should be done only 
in anesthetized animals. 

Blow to the head Unacceptable for most species. 

Burning Chemical or thermal burning of an animal is not an acceptable method of euthanasia. 

Chloral hydrate Unacceptable in dogs, cats, and small mammals. 

Chloroform Chloroform is a known hepatotoxin and suspected carcinogen and, therefore, is extremely hazardous to personnel. 

Cyanide Cyanide poses an extreme danger to personnel and the manner of death is aesthetically objectionable. 

Decompression Decompression is unacceptable for euthanasia because of numerous disadvantages. 
(1) Many chambers are designed to produce decompression at a rate 15 to 60 times faster than that recommended 
as optimum for animals, resulting in pain and distress attributable to expanding gases trapped in body cavities. 
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Agent or method Comments 

Hypothermia Hypothermia is not an appropriate method of euthanasia. 

Neuromuscular blocking agents (nicotine, magnesium 
sulfate, potassiumchloride, all curariform agents) 

When used alone, these drugs all cause respiratory arrest before loss of consciousness, so the animal may perceive 
pain and distress after it is immobilized. 

Rapid freezing Rapid freezing as a sole means of euthanasia is not considered to be humane. If used, animals should be 
anesthetized prior to freezing. 

Smothering 


